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1. INTRODUCTION

Petitioner 2Wire, Inc., Inc. filed a Petition (Paper 2, “Pet.”) requesting

an interpartes review of claims 1 and 14 ofU.S. Patent No. 8,073,041 B1

(Ex. 1001, “the ’04l patent”) pursuant to 35 U.S.C. §§ 311-319. Patent

Owner TQ Delta, LLC filed a Preliminary Response (Paper 11, “Prelim.

Resp.”). We have jurisdiction under 35 U.S.C. § 314(a), which provides that

an inter partes review may not be instituted “unless . . . there is a reasonable

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

claims challenged in the petition.” After considering the Petition, and

associated evidence, we conclude that Petitioner has not demonstrated a

reasonable likelihood that it would prevail in showing unpatentability of all

the challenged claims. For the reasonslthat follow, we deny institution of an
inter partes review of claims 1 and 14 of the ’041 patent. H I

11. BACKGROUND '

A. Related Proceedings

The parties state that the ’04l patent has been asserted in TQ Delta

LLC 9. 2Wire Inc., Case No. 1:13-cv-01835-RGA (D. Del.); TQ Delta LLC

v. Zhone Technologies, Inc., Case No. 1:13-cv-0l836—RGA (D. Del.); TQ

Delta LLC v. ZyXEL Communications Inc. et al., Case No. 1:13-cv-O2013-

RGA (D. Del.); TQ Delta, LLC v. ADTRAN, Inc., Case No. l:14-cv-00954-

RGA (D. Del.); and ADTRAN, Inc. v. TQ Delta LLC, Case No. 5:14-cv-

. 01381 (N.D. Ala.). Pet. 1; Paper 13,2.
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B. The '04] Patent

The ’041 patent pertains to communications systems using

multicarrier modulation, 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. 29-34. In such a system, the phase and

amplitude of the modulat_ed 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,

ll. 44-48.. 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

(e.g., voltage, current, phase, frequency, power) to the time-averaged value

of the signal parameter.” Id. at col. 1, l. 55-col. 2, l. 22. According to the _

’041 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. 2, 11. 8-27.

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. 28-30.

A Figure l of the ’O41 patent is reproduced below.
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Figure 1 above depicts transceiver 10 communicating transmission signals

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. 25-50. 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. 62-67; Modulator 46 modulates each carrier signal

with a different QAM symbol 58 so that the signals have the phase and

amplitude associated with the respective QAM symbol 58 (and input serial

A bit stream 54). Id. at col. 4, 11. 9-21. Phase scrambler 66 in modulator 46

calculates a phase shift for each carrier signal and combines the calculated

phase shift with the phase characteristic of the respective carrier signal. Id.

at col. 4, l. 47—col. 5, l. 3, col. 6, 11. 40-52. Phase scrambler 66 calculates

the phase shifi for a carrier signal by (1) determining one or more values

“independently of the QAM symbols 58, and, therefore, independently of the
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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, 11.47-52, 63-66. 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, 11. 53-55. According to the ’041

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, 1. 31—col. 3,

l. 2, col. 6, ll. 46-53. Transceiver 10 combines all of the carrier signals to

form the transmission signal that is sent to remote transceiver 14. Id. at col.

8, ll. 16-22.

C. Challenged Claims ofthe '04] Patent

Independent claims 1 and 14 of the ’041 patent recite:

1. A method, in a first multicarrier transceiver that

uses a plurality of carrier signals for receiving a bit

stream, wherein each carrier signal has a phase

characteristic associated with the bit stream, the method

comprising:

receiving the bit stream, wherein:

each carrier signal is associated with a value

determined independently of any bit value of the bit

stream carried by that respective carrier signal, the value

associated with each carrier signal determined by a

pseudo-random number generator,

a phase shift for each carrier signal is based on:
the value associated with that carrier

signal, and
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the combining of a phase for each

carrier signal with the phase characteristic of

that respective carrier signal so as to

substantially scramble the phase

characteristics of the plurality of carrier _

signals, and T
multiple carrier signals corresponding to the

plurality ofphase shifted and scrambled carrier signals

are used by the first multicarrier transceiver to
demodulate a same bit value of the received bit stream.

14. A multicarrier system including a first transceiver

that uses a plurality of carrier signals for receiving a bit

stream, wherein each carrier signal has a phase

characteristic associated with the bit stream, the

transceiver capable of receiving the bit stream, wherein:

each carrier signal is associated with a Value

- determined independently of any bit value of the bit

stream carried by that respective carrier signal, the value

associated with each carrier signal determined by a

pseudo-random number generator,

a phase shift for each carrier signal is based on:

the value associated with that respective

carrier signal, and

the combining of a phase shift for each

carrier signal with the phase characteristic of that

respective carrier signal so as to substantially

scramble the phase characteristics of the plurality

of carrier signals,

multiple carrier signals corresponding to the

plurality of phase shified and scrambled carrier signals

are used by the first multicarrier transceiver to

.demodulate a same input bit value of the received bit x
stream.
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Ex. 1001, col. 10, 1. 58—cO1. 11,1. 11; col. 11, l. 42—col. 12,1. 16.

D. The Asserted Grounds

Petitioner asserts that the challenged claims of the ’04l patent are

unpatentable for the following specific grounds (Pet. 14-15):

Suzuki i’614, Suzuki ’415, and
Admitted Prior Art3

L °, s k"415, d
T‘1’1f,"1*’35 "Z" ' an 35 U.S.C.§ 103(a) land 14
Fifield, Suzuki ’415, and "
Admitted Prior Art 35 U.S.C.§ 103(a) land 14

1 U.S. Patent NO. 5,903,614, issued May 11, 1999 (ER. 1003, “Suzuki
’614”).

2 U.S. Patent No. 5,694,415, issued Dec. 2, 1997 (Ex. 1009, “Suzuki ’415”).
3 Alleged admitted prior art in the Specification of the ’041 patent at col. 1,
11. 29-43, 49-54, 57-64, col. 3, 11. 24-36, and Fig. 1 (Ex- 1001, “Admitted

Prior Art”).-

4 U.S. Patent NO. 6,301,268 B1, filed Mar. 10, 1998, issued Oct. 9, 2001

(Ex. 1004, “LarOi’a”).

5 U.S. Patent NO. 6,781,951 B1, filed Oct. 22, 1999, issued Aug. 24, 2004

(Ex. 1008, “Fifield”),

6 ANSI T1.413—1998', DRAFT AMERICAN NATIONAL STANDARD FOR

TELECOMMUNICATIONS, NETWORK AND CUSTOMER INSTALLATION

INTERI-‘ACES—ASYMMETRIC DIGITAL SUBSCRIBER LINE (ADSL) METALLIC

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

“T1.413”). _
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III. ANALYSIS

A. Claim Interpretation

We determine the meaning of the claims as the first step of our

analysis. _In an inter partes review, we interpret claims of an unexpired

patent using the broadest reasonable construction. 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 Cuozzo Speed Techs., LLC, 778 F.3d 1271, 1278-82 (Fed.

Cir. 2015). If an inventor acts as his or her own lexicographer, the definition

must be set forth in the specification with reasonable clarity, deliberateness,

and precision. Renishaw PLC v. Marposs Societa ’ per Aziohi, 158 F.3d

1243, 1249 (Fed. Cir. 1998). Claim terms generally are given their ordinary

and customary meaning, as would be understood by one of ordinary skill in

the art in the context of the entire disclosure. See In re Translogic Tech.,

Inc., 504 F.3d1249, 1257 (Fed. Cir. 2007).

Petitioner argues that the terms in claims 1 and 14 do not require

3 interpretation. Pet. 15-16. Patent Owner proposes interpretations for two

limitations: “a value determined independently of any bit value” and

“multiple carrier signals corresponding to the plurality of phase shifted and

scrambled carrier signals are used by the first multicarrier transceiver to

demodulate a same bit value of the received bit stream.” Prelim. Resp. 9-

16. After reviewing the parties’ papers, we find that no express claim

constructions are required for purposes of this Decision.
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B. Obviousness based on Suzuki ’6I4, Suzuki ’415, and Admitted Prior Art

Petitioner contends that claims 1 and 14 are unpatentable over Suzuki

’6l4, Suzuki ’415, and Admitted Prior Art under 35 U.S.C. § l03(a). Pet.

27—38. Petitioner relies on Suzuki ’6l4 and Suzuki ’4l5 for the limitations ~

recited in claims 1 and 14. Id. at 33-38. Petitioner provides a claim chart

citing various portions of Suzuki ’614 and Suzuki ’415, and states that the

claim chart is supported by the Declaration of Krista S. Jacobsen, Ph.D. Id.

at 27, 31-35 (citing Ex_. 1002 111] 158-220, App. A1).

We are not persuaded that Petitioner has established a reasonable

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

’415, and Admitted Prior Art. “Section 103(a) forbids issuance of a patent

when ‘the differences between the subject matter sought to be patentedand

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 7 Co. v. Teleflex

Inc, 550 U.S. 398, 405 (2007). A patent claim, however, “is not proved

obvious merely by demonstrating that each of its elements was,

independently, known in the prior art.” Id. at 401. “Rather, obviousness

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

the invention would have selected 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
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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,Van assertion of obviousness “‘cannot be

sustained by mere conclusory statements; instead, there must be some 3

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 argues that the Suzuki ’6l4 with Suzuki ’4l5 references

teach Various aspects of the challenged claims. Pet. 27-31. For example,

with respect to the limitation of “each carrier signal . . . associated with a

value determined independently of any bit value of the bit stream carried by

that respective carrier signal” in claim 1, Petitioner acknowledges that

Suzuki ’614 does noti“describe the details” of how the reference generates

random phase shift data for each subcarrier, arguing that Suzuki ’415

teaches the generation of M-bit random numbers, which are “determined

independently of any bit value” according to Petitioner because they are

random. Id. at 29-30 (citing Ex. 1009, col. 1, ll. 52-55, col. 3, ll. 25—30, col.

4, 11. 22-34).

With respect to combining these references, Petitioner argues as

follows:

It would have been obvious to combine Suzuki ’614 with

Suzuki ’415 in order to produce the subject matter of Claim 1.

For example, it would have been obvious to compute the

random phases disclosed in Suzuki ’6l4 in the manner
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disclosed in Suzuki ’415 in order to produce the random phase
shifls used in Suzuki ’614.

Id. at 31 (citations omitted).

Petitioner’s first statement that it “would have been obvious” to

combine Suzuki ’614 with Suzuki ’415 is conclusory and does not

demonstrate a reason to combine. See KSR, 550 U.S. at 417-18; Unigene,

655 F.3d at 1360; In re Chaganti, 554 F. App’x 917, 922 (Fed. Cir. 2014)

(stating that “[i]t 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 suff1cient—more is needed

to sustain an obviousness rejection”) (citation omitted). Petitioner’s second

statement also is insufficient, as it merely states the result of the asserted

combination, i.e., the basic components of Suzuki ’614 performing the

random number calculations described in Suzuki ’415.

Petitioner has not provided articulated reasoning with some rational

underpinning to support its contentions that a person of ordinary skill in the

art would have had reason to combine the teachings of Suzuki ’614, Suzuki

’4 1 5, and Admitted Prior Art to achieve the method of claim 1 or system of

claim 14. Petitioner does not offer any rationale to combine the basic

components of Suzuki ’614 to perform the calculations of Suzuki ’41 5.

Furthermore, Petitioner does not explain why an ordinarily skilled artisan

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

system ofSuzuki ’614. The mere fact that Suzuki ’614 does not describe the
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“details” of its random phase shift data does not mean that a person of

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

Suzuki ’4l5. See Pet. 28-29. Indeed, as Patent Owner correctly points out,

Suzuki ’614 only discloses the end result ofphase shifts, without any detail

as to how the phase shifis are calculated. See Prelim. Resp. 19-20; Ex.

1003, col. 6, 1. 36—col. 7, 1. 18, Fig. 6. Accordingly, we find that Petitioner

has not set forth an articulated rationale for combining the calculations of

Suzuki ’415 with Suzuki ’614 in reaching a conclusion of obviousness.

Petitioner also fails to set forth an articulated rationale for combining

the Admitted Prior Art with the teachings of Suzuki ’6 1_4 and Suzuki ’415.

See Pet. 27. Petitioner’s asserted ground is based on the combination of

Suzuki ’614, Suzuki ’415, and Admitted Prior Art, but Petitioner’s claim

charts and analysis does not specifically cite the Admitted Prior Art in its

analysis, or identify any rationale to combine any Admitted Prior Art

teachings with those of the other cited references. See id. at 27-38.

Petitioner merely offers conclusory statements on combining the prior art

references, stating‘ that: “[t]o the extent that some claimed aspect of the

transceiver or multicarrier modulation is considered missing in Suzuki ’614

and Suzuki ’4l 5, it would have been obvious from the Admitted Prior Art in

order to implement the multicarrier modulation and transmission disclosed

in Suzuki ’614.” Pet. 31-32 (citations omitted). Accordingly, Petitioner

has not provided, in the Petition, sufficient explanation of an_ articulated
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reason to combine the various teachings of the prior art. See 37 C.F.R.

§ 2.104(b)(4)—(5); see Prelim. Resp. 23-25.

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

additional discussion regarding the combination of Suzuki ’6l4, Suzuki

’4l5, and Admitted Prior Art. See, e.g., Ex. 1002 M 199-203. That

analysis, however, is not discussed adequately in the Petition itself, as

Petitioner relies on blanket citations to 62 paragraphs and a 27—page

appendix of the Declaration. See Pet. 27-30 (citing Ex. 1002 {[1] 158-220,

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

the construed 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. §442.22(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 of the combination of prior art 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 IPR20l4-00454, slip op. at 7-10 (PTAB

Aug. 29, 2014) (Paper 12) (informative) (noting that “[o]ne purpose of the

13
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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 claims 1 and 14 are unpatentable over Suzuki ’614,

Suzuki ’4l5, and Admitted Prior Art.

C. Obviousness Based on Laroia, Suzuki ’415, and TI.4 I3

Petitioner’s asserted ground of unpatentability based on Laroia,

Suzuki ’415, and T1.413 under 35 U.S.C. § 103(a) suffers from the same

deficiency as its ground based on Suzuki ’6l4, Suzuki ’415, and Admitted

Prior Art. See supra Section 11A; Prelim. Resp. 31-32. Petitioner relies on

Laroia, Suzuki ’41S, and T1.413 for the limitations recited in claims 1 and

14, specifically relying on Laroia for the multicarrier transceiver as well as

the “value associated with [a] carrier signal” and “combining” steps of each

claim. Pet. 39-47. Petitioner relies on Laroia in combination with Suzuki

’415 for the remaining steps recited in each claim, citing 57 paragraphs and

a 19-page appendix of Dr. Jacobsen’s“ Declaration. Pet. 39-47 (citing Ex.

1002 111] 221-278, App. Bl). Again, Petitioner argues that the claims would

have been “obvious” in View of the three prior art references, but does not
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identify in the Petition any reason why an ordinarily skilled artisan would

have combined the teachings of Laroia and Suzuki ’4l5. See id. at 36-39.

With respect to T1.413, Petitioner argues that “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 in

Laroia. [Ex. 1002] Jacobsen Decl., 111] 254-257.” Pet. 41. As Patent Owner

notes, Petitioner fails to offer any rationale for the combination of

Suzuki ’415 with Laroia and T1.4l3. Prelim. Resp. 31; Pet. 41. In addition,

Petitioner’s conclusory statements cannot 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. 39-47; KSR, 550 U.S. at

417-18; Unigene, 655 F.3d at 1360;_Chagantz', 554 F. App’x at 922.
Further, it is unclear what “network structures” in T1.413 Petitioner is

relying’ on for the asserted combination, as Petitioner cites four figures and

four pages ofthe lengthy standard documentlwithout pointing out any _

specific features. See Pet. 42, 44 (citing Ex. 1006, 10-13, Figs. 2-5).

3 Petitioner has not shown sufficiently an articulated reason with rational

underpinnings to support combining the teachings of T1 .413 with those of

Laroia and Suzuki ’415 or explained sufficiently what aspects of the

references would be combined.

Accordingly, "Petitioner has not demonstrated a reasonable likelihood

of prevailing on its assertion that claims 1 and 14 are unpatentable over

Laroia, Suzuki ’415, and Tl.4l3.
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D. Obviousness Based on Fzfield, Suzuki ’4 I15, and Admitted Prior Art

Petitioner’s asserted ground of unpatentability based on Fifield,

Suzuki ’415, and Admitted Prior Art under 35 U.S.C. § 103(a) suffers from

the same deficiencies discussed above. See Prelim. Resp. 34-36. Similar to

the ground based on Suzuki ’614, Suzuki ’415,'and Admitted Prior Art,

Petitioner relies on Fifield for the limitations recited in the preambles of

claims 1 and 14 (eg, transceiver, carrier signals), relies on “Fifield,

combined with Suzuki ’415,” for the remaining limitations recited in the

claims, relies on “Fifield alone or in combination with Suzuki ’415, T1.4137

or the Admitted Prior Art,” for the limitation of “multiple carrier signals

corresponding to the scrambled carrier signals are used by the first

multicarrier transceiver to demodulate a same bit value” and cites 52

paragraphs and a 26-page appendix of Dr. Jacobsen’s Declaration. Pet. 48-

56 (citing Ex. 1002 111] 279-331, App. C1).

7 Petitioner also argues that “it would have been obvious for multiple
carriers to be used by the DMT transceiver of Fifield combined with Suzuki

’415 to demodulate a same bit value of a received bit stream, as T1.413

teaches that such multiple carriers may be used for backup transmissions of

a same bitstream,” and that claim 14 would have been obvious in view of

“Fifield, in combination with Suzuki ’4l5 and the Admitted Prior Art or

T1.413.” Pet. 48-50. We presume that the citations to Tl.413 were

typographical errors, as the asserted ground is based only on Fifield, Suzuki

’4l 5, and Admitted Prior Art. See id. at 15, 48.
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Petitioner fails to demonstrate a rationale to combine Fifield, Suzuki

’415, and Admitted Prior Art. Pet. 48-56; Prelim. Resp. 34. Indeed, the

word “obvious” is used only in conclusory statements that the claims are

“rendered obvious” with citation to the Jacobsen Declaration. Pet. ‘48, 50.

Petitioner cannot rely on the more detailed analysis of Dr. Jacobsen, which

is not discussed sufficiently in the Petition. Accordingly, Petitioner has not

demonstrated a reasonable likelihood of prevailing on its assertion that

claims 1 and 14 are unpatentable over Fifield, Suzuki ’415, and Admitted

Prior Art.

IV. CONCLUSION

For the foregoing reasons, We conclude that Petitioner has not

demonstrated a reasonable likelihood that at least one of the challenged

claims of the ’041 patent is unpatentable based on the asserted grounds.

Therefore, we do not institute an interpartes review on any of the asserted

grounds as to any of the challenged claims.

V. "ORDER

Accordingly, it is

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

the ’04l patent.
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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
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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:



Page 27 of 391

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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PTO/AlA/80 (07-12)
Approved for use through t1I30/2014. OMB 0661-0035

U.S, Patent and Trademark Otflce; US 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,

POWER OF ATTORNEY TO 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:

EH gefiitioners associated with Customer Number:
El Practitionerts) named below (if more than ten patent practitioners are to be named, then a customer number must be used):

Name Registration Name Registration
Number Number

As attorney(s) or agentisi to represent the undersigned before the United States Patent and ‘Trademark Oftice (USPTO) in connection with
any and all patent applications assigned 9_[i_ly 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: 64
OR

Firm or
Individual Name

Telephone

Asslgnee 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 3.73(ci (Form PTO/AIA/96 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.

SlGNATURE of Assignee of Record

The individual whose signature and title isjupplied below is authorized to act on behalf of the asslgnee

Signature g 4/2 a__,\Mg_H4‘ ‘ A Date /0 /‘yr’ 1':
Name Mark K. Roche Telephone 512-609-1810

Managing Director
This collection of information is .'equi'ed by 37 CFR 1.31, 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 governed by 35 U,S.C. 122 and 37 CFR i.1t and 1.14. This collection is estimated to take 3 minutes
to complete, including gathering, preparing, and submitting the completed application form to the USPTQ 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 Chlel Information Officer.
U.S. Patent and Trademark Office. U.S. Department oftlommerce, P.O. Box 1450, Alexandria, VA 22313-1450, DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS, SEND TO: Commissioner for Patents, P,O. Box 1450, Alexandria, VA 22313-1450.

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

14170591

International Application Number:

Confirmation Number:

SYSTEM AND METHOD FOR DESCRAMBLING THE PHASE OF 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: 6936-47-CON-DIV

Filing Date: 24-SEP-2007

Time Stamp: 14:26:40

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.)

419012

yes
64f1b890-151 l4ELZfi8ZE7.6d57.5l.J8Lll(5159

91 U75
EntityStatus_373c_w_POA.pdf
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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) 419012

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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THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: Marcos C. Tzannes 3 Patent No.: 8,073,041

Application No.: 11/860,080 5 Issued: December 6, 2011

Filed: September 24, 2007 3 Examiner: WILLIAMS, Lawrence

Atty. File No.2 6936-47-CON—DIV 3 Confirmation No.: 5967

For: SYSTEM AND METHOD FOR DESCRAMBLING THE PHASE OF CARRIERS IN A

MULTICARRIER COMMUNICATIONS SYSTEM

ASSERTION OF ENTITLEMENT TO SMALL ENTITY STATUS

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Madam:

In accordance with MPEP §§ 509.02 and 509.03 and 37 CFR 127, this document is

being filed to inform the U.S. Patent Office of the change of status for the aboVc—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.

By: Me " l”““;i‘I ,./M/
C““;jé§6f{‘Ii.X,/r

/1»/“’ Reg. No. 45,285

_,,./*’‘”M 1560 Broadway, Suite 1200
Denver, Colorado 80202

Telephone: 303-863-9700
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PTO/AlA/96 (084 2)
Approved for use through 01/31/2013. OMB 0651 -0031

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

STATEMENT UNDER 37 CFR 3.73§c)

Applicant/Patent Owner: DIE’-TAv LLC

Application No./Patent No.1 8v073vO41 Filed/issue Date: December 6» 2011

Titled. SYSTEM AND METHOD FOR DESCRAMBUNG THE PHASE OF 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 gilt; of options 1, 2, 3 or 4 below):

1. i’ 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 __W___°/o. 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. The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

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

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

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

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

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. __ 7 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 lS 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 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.

Ifyou need assistance in completing the form, call ]—800—PTO-91 99 and select option 2.
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PTO/AIA/96 (08-12)
Approved for use through 01/31/2013. OMB 0651-0031

US. Patent and Trademark Ollice; US. 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.

STATEMENT UNDER 37 CFR 3.73(cL

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 W ___, , or for which a copy thereof is attached.

7 To:

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

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

T0:

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

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

:] 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.

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

.

:2_..»»e:;.a weDate

JGSOR H. VlCk 45,235
Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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DEPARTMENT OF DEFENSE

ACCESS ACKNOWLEDGEMENT I SECRECY ORDER RECOMMENDATION

FOR PATENT APPLICATION

Application Serial No: DPI 1860080 Date Referred: I0/09/2007

I hereby acknowledge that the Department of Defense reviewers have inspected this application in administration of 35 USC

181 on behalfofthe Agencies/Commands specified below. DoD reviewers will not divulge any information from this

application for any purpose other than administration of 35 USC 18|.

Recommendation Reviewer Name ‘

Instructions to Reviewers:

I. All DoD personnel reviewing this application will be listedon this form regardless ofwhether they are making a secrecy
order recommendation.

2. This form will be forwarded to USPTO once all assigned DOD entities have provided their secrecy order recommendation.

DoD Completion of Review: Final

Forwarded to USPTO: O4/05/20l 2

Page I4 of I82
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Addicssz COIVIMISSIONER FOR PATENTS

P.0. Box 1450
Alexandria, Virginia 22313-1450www usptogov

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

11/860,080 12/06/2011 8073041 5550-47-CON-DIV 5967

62574 759!) 11/16/2011

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 1091 day(s). Any patent to issue from the above-identified application will

include an indication of the adjustment on the front page.

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

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

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

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

Any questions regarding the Patent 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 Application Assistance Unit (AAU) of the Office of Data Management
(ODM) 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. 10/09)
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UNITED STATES DEPARTMENT OF COMMFIRCIJ
United States Patent and Trademark Office
Addxess.COMMISSICiNER FDR PATENTS

PO Rm: I450
Alcxandna, Vuguua Z2313-J-150ww'W.u5pto.gOv

CONFIRMATION NO. 5967
Bib Data Sheet

FILING OR 371(c)

SERIAL NuM3ER DATE GROUP ART UNIT
11/350,080 09/24/2007 2611
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ATTORNEY

DOCKET NO.

5550-47-CON—DlV

I PPLICANTS

Marcos C. Tzannes, Orinda, CA;
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This application is a DIV of 11/211,535 08/26/2005 PAT 7,292,627
which is a CON of O9/710,310 11/09/2000 PAT 6,961,369
which claims benefit of 60/164,134 11/09/1999

I‘ **********i*********

Foreign Priority claimed D yes D no.. STATE OR SHEETS TOTAL INDEPENDENT

;',’15e,L"°’°‘19‘a'd’°°”d"'°”S 333:0? "0 D Melafier COUNTRY DRAWING CLAIMS CLAIMS
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62574

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

D All Fees

Cl 1.16 Fees ( Filing)

FILING FEE FEES: Authority has been given in Paper D 1.17 Fees (Processing Ext of
RECEIVED No. to charge/credit DEPOSIT ACCOUNT time )
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T”? or O Owmg D 1.18 Fees ( Issue)
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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATIE DEPARTMENT OF CONHVIERCE
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This application is a DIV of 11/211,535 08/26/2005 PAT 7,292,627
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fl flflfifl*ifi*i*QIfl*flflfl*flk

INDEPENDEN

Allowance CLNMSCA 2 1
Examiners Si - nature

‘ DDRESS

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

Cl All Fees

Cl 1.16 Fees (Filing)

FILING FEE FEES: Authority has been given in Paper D 1-17 F965 (Processing Ext Of
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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.

11/860,080 09/24/2007 Marcos C. Tzannes 5550—47—CON—DIV 5967

62574 7590 11/03/2011 .. 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

ll/O3/2011 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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Application No. App|icant(s)

11/860,080 TZANNES, MARCOS C.

Examiner Art UnitResponse to Rule 312 Communication

LAWRENCE WILLIAMS 2611

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address —

1. IE The amendment filed on 19 OcIober2011 under 37 CFR 1.312 has been considered, and has been:

a) IZ entered.

entered as directed to matters of form not affecting the scope of the invention.

disapproved because the amendment was filed after the payment of the issue fee.

Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1)

and the required fee to withdraw the application from issue.

disapproved. See explanation below.

entered in part. See explanation below.

/Tesfaldet Bocure/

Primary Examiner, Art Unit 2611

U 8 Patent and Trademark Oftlce

PTOL-271 (Rev. 04-01) Reponse to Rule 312 Communication Part of Paper No. 4
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OK TO ENTER: /L.W./

10/28/2U‘i1

AMENDMENTS T0 THE SPECIFICATION

In the Title:

Please change the title to read as follows:

SYSTEM AND METHOD FOR DESCRAMBLWG THE PHASE OF

5I1I—I~E—CARRIERS IN A MULTICARRIER COMMUNICATIONS SYSTEM

Attorney Docket No. 5550-47-CON—DIV
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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

orE (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 e mailed to the current corres ondence address as
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate " E ADDRESS" formaintenance fee notifications.

CURRENT CORRESPONDENCEADDRESS (NOE: UseB10ck U01 any Changevfaddress) Note: A certificate of mailin can only be used for domestic mailings of the
Fer-.(s) Transmittal. This certi icate 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 10/17/2011

Jason H_ Certificate of Mailing or Transmission

Sh . PC I hereby certify that this Fee(s) Transmittal is being deposited with the Unitedendan R055: ' States Postal Service with sufficient postage for first class mail in an envelo
Suite # 1200 addressed to the Mail Stop ISSUE FEE address above. or being facsimi e

transmitted to the LSPTO (571) 273-2885, on the date indicated below.
1560 Broadway
Denver, co 30202

APPLICATION NO. FLING DATE FIRST NAMED JNVENTOR ATTORNEY DOCKET NO. COl\r‘ {MATION NO,

ll/860,080 O9/24/2007 Marcos C. Tzannes 5550—47—CON—DIV 5967
TITLE OF INVENTION: SYSTEM [DID METHOD FOR SCRAMBLING THE PHASE OF THE‘. CARRIERS IN A MULTICARRIER
COMIVIUNICATIONS SYSTEM

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSUE 1* ~ n TOTAL l'd1E(S) DUE DATE DUE

N0 $0nonprovisional $1740 $300 01/17/2012

WILLIAMS, LAWRENCE B 2611 375260000

1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list

CFR1‘363)' (1) die names of up to 3 registered patent attorneys 1 Jason H‘ Vick
D Chan e of eorres ndenee address (or Change of Correspondence or agents OR, alternatively,
Address mm PTO] /122) auach€d' (2) the name of a single firm (having as a member a 2—————~Sheridan R055 R0‘
Cl "Fee Address" indication (or "Fee Address" Indication form ffigistefed 3tt01‘D3y 01' agent) and the “am” Of UP ‘O
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required, listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)
PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is idenfified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.
(A) NAME OF ASSIGNEE (B) KESIDENCE: (CITY and STA'l'I:'. OR COUNTRY)

AWARE, INC. Bedfofdl MA

Please check the appropriate nssignee category or categories (will not be printed on the patent) : El Individual El Corporation or other private group entity 1] Government

421. The following fee(s) are submitted: 4b. Payment of Fcc(s): (Please first reapply any previously paid issue fee shown above)
Issue Fee D A check is enclosed.

IZI Publication Fee (No small entity discount permitted) :l Payment by credit card. Form PTO—2038 is attached.
D Advance Order — # of Copies 3 The Director is hereby authorized to charge the re uired fee(s), any deficiency, or credit any

overpayment, to Deposit Account Number ]9—j 0 2!! (enclose an extra copy of this form).
5. Change in Entity Status (front status indicated above)

CI 21. Applicant claims SMALL ENTITY status. See 37 can 1.27. J b. Applicant is no longer claiming SMAIJ. ENTITY status. Sec 37 CFR 1.27(g)(2).
NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assigncc or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Mr" ,. “‘ T'”T/

Authorized Signature —» V I . .« ‘ 1” Date l 7 6/0’? //7

Typed or printed H VILQKVI Registration No. 45 285
This collection of information is required by 37 CFR 1.311. The information is re uired to obtain or retain a benefit Jy 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 114. 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 de endin r upon the individual case. Any comments on the amount of time you require to complete
this form and/or su gcstions for reducing this burden, should be scnt to tfie Cgief Information Officer, US. Patent and Trademark Office, U.S. Department of Commerce, P.O.Box 1450, Alexan ria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, PO. 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.

PTOL—85 (Rev. 02/ l 1) Approved for use through 08/31/2013. OMB 0651-0033 US. Patent and Trademark Office; U.S. DEPARTMENT OF COMIVIERCE
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: Marcos C. Tzannes 3 Group Art Unit: 261 1

Application No.: 11/860,080 g Examiner: WILLIAMS, Lawrence B.

Filed: September 24, 2007 g C0nfirmationNo.: 5967
)

)

For: SYSTEM AND METHOD FOR DESCRAMBLING THE PHASE OF CARRIERS IN A

MULTICARRIER COMMUNICATIONS SYSTEM

Atty. File No.: 5550—47—CON—DIV

COMMENTS ON STATEMENT OF REASONS FOR ALLOWANCE

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313

Sir:

Applicant submits this Comments on Statement of Reasons for Allowance to address

further the Notice of Allowability (“Notice”) having a mailing date of October 17, 2011.

In the Notice, the Examiner's stated reasons for allowance were that:

The following is a statement of reasons for the indication of allowable subject
matter:

The instant application discloses a method and system for demodulating a bit

stream. A search of prior art records has filed to teach or suggest, alone or in
combination:

In a first multicarrier transceiver, having a plurality of carrier signals for receiving

a bit stream, each carrier signal having a phase characteristic associated with the

bit stream, a method comprising:

demodulating the bit stream, wherein:

“each carrier signal was associated with a value determined independently

of any bit Value carried by that carrier signal,

a phase shift was computed for each carrier signal based on the value

associated with that carrier signal,

Attorney Docket No.: 5550-47-CON—DIV
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the phase shift computed for each carrier signal was combined with the

phase characteristic of that carrier signal so as to substantially scramble the phase

characteristics of the plurality of carrier signals,

multiple carrier signals were used to modulate a same input bit value, and

a Value associated with the carrier signal was determined using a pseudo—random

number generator” (Fig(s). 1,2; pg. 7, line 11- pg. 8, line 10) as disclosed in claim
47.

A multicarrier system including a first transceiver having a plurality of carrier

signals for receiving a bit stream, each carrier signal having a phase characteristic
associated with the bit stream, the transceiver capable of demodulating the bit

stream, wherein:

“each carrier signal was associated with a Value determined independently

of any bit value carried by that carrier signal,

a phase shift was computed for each carrier signal based on the value

associated with that carrier signal,

the phase shift computed for each carrier signal was combined with the

phase characteristic of that carrier signal so as to substantially scramble the phase

characteristics of the plurality of carrier signals,

multiple carrier signals were used to modulate a same input bit Value, and

a value associated with the carrier signal was determined using a pseudo—rand0m

number generator" (Fig(s). 1,2; pg. 7, line 11- pg. 8, line 10) as disclosed in claim
60.

Based on the Notice, the patentability of all other independent and dependent claims is

assumed to be based upon the elements as set forth in such claims and that such claims meet all

criteria for patentability under §101, §102, §103 and §112.

As is clear from MPEP 1302.14,

“The statement [of reasons for allowance] is not intended to necessarily state all

the reasons for allowance or all the details why claims are allowed and should not

be written to specifically or impliedly state that all the reasons for allowance are
set fort .”

While the stated Reasons for Allowance may be a stated reason for allowing some

independent claims, Applicant submits that some independent claims have a different reason for

allowance and that some independent claims have other reasons for allowance.

Specifically, the prior art fails to teach the specific combination of features as recited in

the independent claims 47 and 60.

Attorney Docket No.: 5550—47—CON—DlV
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Although the Applicant believes that no fees are due for filing this Comments on

Statement of Reasons for Allowance, please charge any fees deemed necessary to Deposit

Account No. 19-1970.

Respectfully submitted,

SHERIDAN ROSS P.C.

.,«v~ -—-2-
, _,./ -'"“_”'/Jg

By: ’_/_,// MW/.,

M,JJas6fi"H. Vick
W Reg. No. 45,285

1560 Broadway, Suite 1200
Denver, Colorado 80202

Telephone: 303-863-9700

Attorney Docket No.: 5550—47—CON—DIV
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: Marcos C. Tzannes % Group Art Unit: 2611

Application No.: 11/860,080 g Examiner: WILLIAMS, Lawrence B.

Filed: September 24, 2007 g Confirmation No.2 5967

Atty. File No; 5550-47-CON-DIV 3

For: SYSTEM AND METHOD FOR DESCRAMBLING THE PHASE OF CARRIERS IN A

MULTICARRIER COMMUNICATIONS SYSTEM (as amended)

AMENDMENT AFTER ALLOWANCE UNDER

37 C.F.R. 1.312

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

Applicants submit this Amendment After Allowance pursuant to 37 C.F.R. 1.312 in

response to the Notice of Allowance having a mailing date of October 17, 2011. While

Applicants believe that no fees are due with the filing of this response, the undersigned hereby

authorizes the charge of any fees deemed necessary to Deposit Account No. 19-1970.

An amendment may be entered after the mailing of a Notice of Allowance but prior to

payment of the issue fee upon recommendation of the primary Examiner. Therefore, it is

respectfully requested that the above-referenced application be amended as follows:

Amendments to the Specification begin on page 2 of this paper.

Remarks begin on page 3 of this paper.

Attorney Docket No. 5 550-47-CON-DIV
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AMENDMENTS T0 THE SPECIFICATION

In the Title:

Please change the title to read as follows:

SYSTEM AND METHOD FOR DESCRAMBLWG THE PHASE OF

5I1I—I~E—CARRIERS IN A MULTICARRIER COMMUNICATIONS SYSTEM

Attorney Docket No. 5550-47-CON—DIV
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REMARKS

The amendment to the specification displayed herein amends the title of the application.

No new matter is believed to be introduced by this amendment.

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: ”/7/ , /”"
dason H. Vick

Reg. No. 45,285
1560 Broadway, Suite 1200

Denver, Colorado 80202

Telephone: 303-863-9700

Attorney Docket No. 5550-47-CON-DIV
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: Marcos C. Tzannes 3 Group Art Unit: 2611

Application No.: 11/860,080 g Examiner: WILLIAMS, Lawrence B.

Filed: September 24, 2007 g Confirmation No.: 5967
)

)

For: SYSTEM AND METHOD FOR DESCRAMBLING THE PHASE OF CARRIERS IN A

MULTICARRIER COMMUNICATIONS SYSTEM

Atty. File No.: 5 5 50-47—CON—DIV

RESPONSE TO INTERVIEW SUMMARY

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

Applicant would like to thank Examiner Williams for the eourtesies extended to

Applicant's undersigned representative during the September 22, 2011 interview. During the

interview claims 47 and 60 were discussed. The undersigned also agreed to a minor change to

the abstract to reflect the amended claims and drawings. The changes are accurately reflected in

the Examiner’s Amendment of 9/22/1 1 .

Respectfully submitted,

SHERIDAN ROSS P.C.

,,,_./ / /

By_:_ / /’_’ ,.« 5:? 77/
5 ;»/fl'?fsbn H. Vick

Reg. No. 45,285

1560 Broadway, Suite 1200

Denver, Colorado 80202

Telephone: 303-863-9700

Attorney Docket No.: 5550-47-CON-DIV
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Electronic Patent Application Fee Transmittal

Filing Date: 24-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/Joannevos

Attorney Docket Number: 5550-47-CON-DIV

Filed as Large Entity

Utility under 35 USC111(a) Filing Fees

Sub-Total in

Description USD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Patent-Appeals-and-Interference:

Post-AlIowance-and-Post-Issuance:

Utility Appl issue fee

Publ. Fee- early, voluntary, or normal
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Sub-Total in

Description Usms)

Extension-of-Time:

Miscellaneous:

Total in USD ($)
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Electronic Acknowledgement Receipt

11222024

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-DIV

Filing Date: 24-SEP-2007

Time Stamp: 16:46:32

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 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 CFR. Section 1.19 (Document supply fees)

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

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

File Listing:

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

110851

Issue Fee Payment (PTO-85B) Issue_fee_Transmitta|.pdf fd78f3349458342953fe65e51e12a31S‘bda7
75:26

Information:

114720
Post Allowance Communication — Comments_on_Reason_for_A||

Incoming owance.pdf 6<uJBia681l‘297IJ7908578LIe619407LIIJ58Z7
BSBIIJ

Warnings:

Information:

Amendment_312.pdf 38 I e4 5a3efZa7’l 11605939 lf67I Ifldllceaba
/H.703

Multipart Description/PDF files in .zip description

Amendment after Notice ofAllowance (Rule 312)  
Specification

Applicant Arguments/Remarks Made in an Amendment

Warnings:

Information:

Applicant summary of interview with Response_to_|nterview_Summ
examiner an/.pdf aU5eb59If/5d1bf/dC6r.92U3d8e’|’lbd5'I/5

1.71903

Information:

Fee Worksheet (SB06) fee-info.pdf aZ026b909aD956b3ad4Ze307aBrJ657ebb
3aa601
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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
Ifa 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
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/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

T

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1451]
Alexandria. Virginia 223 13—1450wwxx/.uspLo.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

EXAVIINER

WILLIAVIS, LAWRENCE B

Sheridan Ross, PC

Suite # 1200
1560 Broadway 2511
Denver, CO 80202

62374 7590

Jason H. Vick

I0/17/2011

DATE MAILED: 10/ 17/201 1

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

59671 l/860,080 09/24/2007 555047—CON—DlV
TITLE OF INVENTION: SYSTEM AND METHOD FOR SCRAMBLING THE PHASE OF THE CARRIERS IN A MULTICARRIER
COMMUNICATIONS SYSTEM

Marcos C. Tmnnes

APPI.N. TYPE SMALL ENTITY ISSI IE FEE DI TE PU'BI.ICATI(’)N FEE DI TE PREV. PAID ISSI TE FEE TOTAL FEE(S) DI ]E T) ATE DUE

NO $300 $0nonprovisional S 1740 S2040 01/17/2012

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOVVED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO VVITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
l\IAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. TIIE 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
above.

B. If the status above is to be removed, check box 5b on Part B -
Fee(s) Transmittal and pay the PUBLICATION FEE (if required)
and twice the amount o1’ the ISSUE FEE shown above, or

A. Pay TOTAL FEE(S) DUE shown above, or

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

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 completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

Ill. All connnunications 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
PTOI.—85 (Rev. 02/1 I)
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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.0. Box 1450
Alexandria, Virginia 22313-1450

or1 (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.

(TRRPNT CORRESPONDENCE ADDRESS (Note: 1156111061” fr" my (“W36 Offiddrfis) Note: A certificate of mailin can only be used for domestic mailings of the
Fee(s) Transmittal. This certi icate 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 10/17/201 1

Jaggn H_ Vick _ ‘ Certificate of Mailing o1'_T1'a_nsn1issioi_1 _ _
Q] _- d R PC I hereby certify that this Fee(_s) '1'ransmitta1 is being deposited with the United* 16“ an 055’ * States Postal Service with sufficient postage for first class mail in an enVe1o.e
Suite # ]2()() addressed to the Mail Stop ISSUE FEE address above. or being facsimi e

_ transmitted to the USPTO (571) 273-2885, on the date indicated below.
1560 Bioadway
Denver, CO 80202

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

1 1/860,080 09/24/2007 Marcos C. T7.annes 555047-CON-DIV 5967
TITLE OF INVENTION: SYSTEM AND METHOD FOR SCRAMBLING THE PHASE OF THE CARRIERS IN A MULTICARRIER
COMMUNICATIONS SYSTEM

APPLN. TYPE SIVIALI. ENTITY ISSUE FEE D1 TE PITBLICATION FEE DI TE PREV. PAID ISS1 TE FEE TOTAL FEE(S) D1 ]E T) ATE DUE

NO $0nonprovisional S 1740 $300 01/17/2012

EXAIVIINER ART UNIT CLASS-SUB CLASS

WILLIAMS, LAWRENCE B 261 1 3 75- 260000

1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list

CF" 1363)‘ (1,) the names of up to 3 registered patent attorneys
3 Chan e of corres£§ndenee address (or Change of Correspondence or agents OR, alternatively.Address orm PTO/ /122) attached. . . .. . I

(2) _the name o1 a single lirm (having as a member a
3 "Fee Address" indication (or "Fee Address" Indication form F9g1StE'/1'5‘/d 33017133’ OF 38311‘) and lhfi 1133135 0f “P {0
‘TO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2_ registered patent attorneys or agents. If no name It
Number 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) : D Individual '3 Corporation or other private group entity '3 Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
3 Issue Pee D A check is enclosed.

3 Publication Fee (No small entity discount permitted) 3 Payment by credit card. Form PTO-2038 is attached.
:I Advance order . 4; 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)

:I a. Applicant claims SMAIJ. ENTITY status. See 37 CFR 1.27. 3 b. Applicant is no longer claiming SMALI. ENTITY status. See 37 CFR 1.27(g)(2).
\lOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is 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 USC. 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 vai 7 de eiidiii upon the individual case. Any comments on the amount of time you require to complete
this form and/or sii gestions for reducing this burden, should be sent to I e Chief In orrnation Officer, US. Patent and Trademark Office, U_S. Department of Commerce, P.O.Box 1450, Alexan ria, 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. 02/1 1) Approved for use through 08/31/2013. OMB 0651-0033 If.S. Patent and Trademark Office; U.S. DEPARTMENT OF COVIMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450
Alexandria. Virginia 22313-1450wwxx/.uspLo.gov

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

ll/860.080 O9/2/4/2007 Marcos C. Tzannes 5550-47-CON-DIV 5967

EXANIINER62574 7590 I0/17/20H

Jason H. Vick W1LL1A\/1s, LAWRENCE B

Sheridan Ross, PC

Suite # 1200
1560 Broadway 2511
Denver, CO 80202 DATE MAILED: 10/17/2011

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 1057 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 1057 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 infoimation by accessing the Patent Application Information Retrieval

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of

Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
PTOI.-85 (Rev. 02/1 I)
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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 for111 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 fron1 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 Inforn1ation Act.

. A record fron1 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(0)).

. 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 fron1 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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Application No. App|icant(s)

11/860,080 TZANNES, MARCOS C.
Examiner-Initiated Interview Summary Examiner

LAWRENCE WILLIAMS

All participants (applicant, applicant’s representative, PTO personnel):

(1) LAWRENCE WILLIAMS.

(2) JASON VICK.

Date of Interview: 22 September 201 1.

Type: IZ Telephonic I] Video Conference
I:l Personal [copy given to: El applicant l:l applicant’s representative]

Exhibit shown or demonstration conducted: I:I Yes |:I No.
If Yes, brief description:

Issues Discussed |:l101 112 I:l102 |:l103 |ZIOthers
(For each of the checked box(es) above. please describe below the is sue and detailed description of the discussion)

C|aim(s) discussed: 47,60.

Identification of prior art discussed:

Substance of Interview
(For each issue discussed, provide 21 detailed description and indicate if agreement was reached. Some topics may include: identification or clarification ofa
reference or a portion thereof. claim interpretation. proposed arnendrnents, arguments of any applied references etc...)

Agreed upon changes to independent claims 47 and 60 to overcome possible 112 reiections. Changes as agreed
upon are reflected in allowed independent claims 47 and 60. Agreed upon minor changes to abstract to reflect
invention as disclosed by amended claims and minor changes to drawings, all of which are reflected in
corrections/examiner's amendment of 9/22/201 1.

Applicant recordation instructions: It is not necessary for applicant to provide a separate record of the substance of interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of
the substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

El Attachment
/Lawrence B Williamsl
Examiner, Art Unit 2611

U.S Patent and Trademark Office

PTOL-413B (Rev. 8/11/2010) Interview Summary Paper No. 3



Page 65 of 391

Application No. App|icant(s)

11/860,080 TZANNES, MARCOS C.

Examiner Art Unit

LAWRENCE 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. [I This communication is responsive to amendments filed on 9/22/2011 .

; the restriction2. I] An election was made by the applicant in response to a restriction requirement set forth during the interview on
requirement and election have been incorporated into this action.

3. Z] The allowed c|aim(s) is/are 47-72, renumbered as 1-26, respectively.

4. I:l Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119( )-(d) or (f).

a) D All b) E] Some* c) I] None of the:

1. El Certified copies of the priority documents have been received.

2. El Certified copies of the priority documents have been received in Application No.

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( )).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. I] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAM|NER’S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

6. El CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

(a) El including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached

1) I:I hereto or 2) D to Paper No./Mail Date

(b) I:I including changes required by the attached Examiner’s Amendment / Comment or in the Office action of
Paper No./Mail Date

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121 (d).

7. 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. E 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. IX Interview Summary (PTO—413),
Paper No./Mail Date 9/22/2011 .

3. Information Disclosure Statements (PTO/SB/08). 7. IX Examiner's Amendment/Comment
Paper No./Mail Date 12/6/07 4/30/08. 10/17/08 11/25/08

01//18/10 6/21/10. 5/31/11

4. I:l Examiner‘s Comment Regarding Requirement for Deposit 8. IX Examiner's Statement of Reasons for Allowance
of Biological Material

9. IX Other OA. Aggendix.
ffesfaldet Bocure/

Primary Examiner, Art Unit 2611

US. Patent and Trademark Office

PTOL-37 (Rev. 03-11) Notice of Allowability Part of Paper No./Mail Date 3
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Application/Control Number: 11/860,080

Art Unit: 2611

EXAMINER’S AMENDMENT

1. An examiner’s amendment to the record appears below. Should the changes and/or

additions be unacceptable to applicant, an amendment may be filed as provided by 37 CFR

1.312. To ensure consideration of such an amendment, it MUST be submitted no later than the

payment of the issue fee.

Authorization for this examiner’s amendment was given in a telephone interview with

Jason Vick on 22 September 2011.

The application has been amended as follows:

In the abstract:

a.) In line 1 of the abstract, replace the word “scrambles” with “demodulates”.

REMARKS

2. The drawings were received on 22 September 201 1. These drawings are accepted by the

examiner. The drawing objections are Withdrawn.

3. The examiner thanks the applicant for the amendment to the specification. The

specification objections are withdrawn.
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Application/Control Number: 11/860,080

Art Unit: 2611

REASONS FOR ALLOWANCE

The following is a statement of reasons for the indication of allowable subject matter:

The instant application discloses a method and system for demodulating a bit stream. A search of

prior art records has filed to teach or suggest, alone or in combination:

In a first multicarrier transceiver, having a plurality of carrier signals for

receiving a bit stream, each carrier signal having a phase characteristic associated with the bit

stream, a method comprising:

demodulating the bit stream, wherein:

“each carrier signal was associated with a value determined independently of any

bit value carried by that carrier signal,

a phase shift was computed for each carrier signal based on the value associated

with that carrier signal,

the phase shift computed for each carrier signal was combined with the phase

characteristic of that carrier signal so as to substantially scramble the phase characteristics of the

plurality of carrier signals,

multiple carrier signals were used to modulate a same input bit value, and

a value associated with the carrier signal was determined using a pseudo—random

number generator” (Fig(s). l, 2; pg. 7, line ll— pg. 8, line 10) as disclosed in claim 47.

A multicarrier system including a first transceiver having a plurality of

carrier signals for receiving a bit stream, each carrier signal having a phase characteristic
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associated with the bit stream, the transceiver capable of demodulating the bit stream,

wherein:

“each carrier signal was associated with a value determined independently of any

bit Value carried by that carrier signal,

a phase shift was computed for each carrier signal based on the Value associated

with that carrier signal,

the phase shift computed for each carrier signal was combined with the phase

characteristic of that carrier signal so as to substanfially scramble the phase characteristics of the

plurality of carrier signals,

multiple carrier signals were used to modulate a same input bit Value, and

a Value associated with the carrier signal was determined using a pseudo—random

number generator” (Fig(s). l, 2; pg. 7, line ll— pg. 8, line 10) as disclosed in claim 60.

Any comments considered necessary by applicant must be submitted no later than the

payment of the issue fee and, to avoid processing delays, should preferably accompany the issue

fee. Such submissions should be clearly labeled “Comments on Statement of Reasons for

Allowance.”

CONCLUSION

2. The prior art made of record and not relied upon is considered pertinent to applicant's

disclosure.
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Art Unit: 2611

a.) Tzannes discloses System And Method For Scrambling The Phase Of The Carriers In

A Multicarrier Communications System in US Patent 6,961,369 B1.

b.) Sakoda et al. discloses Receiving Device And Signal Receiving Method in US Patent

6,590,860 B1.

c.) Goldenberg et al. discloses Dual Speed Full Duplex Data Transmission in US Patent

4,069,392.

d.) Switzer et al. discloses Method And Apparatus For Reducing Distortion In

Multicarrier Communication Systems in US Patent 3,898,566.

e.) Tzannes discloses System And Method For Scrambling The Phase of The Carriers In

A Multicarrier Communications System in US 2010/0290507 A1.

f.) Tzannes discloses System And Method For Scrambling The Phase Of The Carriers In

A Multicarrier Communications System in US Patent 7,471,721 B2.

g.) Tzannes discloses System And Method For Scrambling The Phase Of The Carriers In

A Multicarrier Communications System in US Patent 7,292,627 B2.

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 (8:00-6:00).

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Khanh Tran can be reached on 571-272-3007. 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).

lbw

October 12, 2011
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A System and Method for Descrambling the Phase of the Carriers in a Multicarrier

Communications System

Related Application

This application is a divisional of U.S. Application No. 11/211,535, filed August 26,

2005, now U.S. Patent No. 7,292,627, which is a continuation of U.S. Application No.

09/710,310, filed on November 9, 2000, now U.S. Patent No. 6,961,369, which 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 channel 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

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.
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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

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
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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.

Summary 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 ofthe 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 peal<—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
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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 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 (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 that is one of a star quad cable, a Dieselhorst—Martin quad
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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, 26 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

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
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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.

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 descrambler 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 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 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 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, a DMT superframe 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
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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.

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 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 (ie, 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.
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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

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 51st DMT carrier signal which is located at the frequency

of215.625 kHz (ie, 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

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

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
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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.

ln 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 1 10) 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

unscrambled 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.
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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 X35, modulo
(mod) 27$. 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 27:) : E 7:.
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 X §(mod27r) = TC. The carrier signal With the
carrier number N equal to 0 has no phase 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)>< %, 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

2

With the same carrier number N equal to 50 on the next DMT symbol count M equal to 9 has

characteristic of that carrier signal equal to (50 + 8) X E (mod 27:) : E. The carrier signal

a phase shift added to the phase characteristic of that carrier signal equal to

(50+9)><%(mod 271:) =

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) >< 1, mod Zzr,6

where XNis 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) ><%(mod 27:) = 3?” (Note that
9 is the 5m Value in XN.) 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 (5) x%(mod 27;) = 51 .6
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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 (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 multicarrier 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

(eg, 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

ll
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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 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 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

12
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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)

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 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 ofthe 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 gx (A1 + N) , mod 27:, 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.

lf 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. ln one embodiment, the transmitter 22 stops

attempting to produce a non-clipped DMT symbol 70' for the particular set of QAM symbols

5 8 after generating a predetermined number of clipped DMT symbols 70'. At that moment,

13
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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 10-7 for the time domain transmission signal 38 can therefore operate with a 10-5

probability of clipping and a lower PAR equal to 12.8 dB (as compared to 14.5 dB). When

operating at a 10-5 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
105

5 12 _
transmission signal 78 being transmitted, on average, once every 195 DMT symbols.

, or 195 DMT symbols 70. This results in the predefined (non—data carrying)

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 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 Various types of applications transported over DSL

systems (e.g., telecommuting, video conferencing, high speed lntemet access, Video-on

demand).
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UNITED STATES EATENT AND TRADEMARK OFFICE lI\ |'I'III|) S'I'A'|'I4IS I)|<IPA|I'I'V| |<I\I'I' ()I4' (TOM l\’I|‘lIH‘|<l
United States Patent and Trademark Office
Adckess COMMISSIONER FOR PATENTSPa Rm mo

AIexa11d.nn,V1IgJrua 22313-1450wwvruspto gm’

APPI,ICATIOI\’ NTTIVITIFR FTI,I\I('l OR 3"/I (C) DATE FIRST NAMET) APPLICANT ATTY. T)(’)CKF.T NO./TITTE

11/860,080 09/24/2007 Marcos C. Tzannes 5550-47-CON-DIV
CONFIRMATION NO. 5967

62574 NEW OR REVISED PPD NOTICE
Jason H. Vick

Sheridan Ross, Pc lllllllllllllllllllllllljflljllllllllllllllllllllllllll llllllllllllllllllllllllllllllllllll
Suite # 1200 ooooooosozaeeoe

1560 Broadway
Denver, CO 80202

NOTICE OF NEW OR REVISED PROJECTED PUBLICATION DATE

The above-identified application has a new or revised projected publication date. The

current projected publication date for this application is 01/12/2012. If this is a new projected

publication date (there was no previous projected publication date), the application has been

cleared by Licensing & Review or a secrecy order has been rescinded and the application is

now in the publication queue.

If this is a revised projected publication date (one that is different from a previously

communicated projected publication date), the publication date has been revised due

to processing delays in the USPTO or the abandonment and subsequent revival of an

application. The application is anticipated to be published on a date that is more than six

weeks different from the originally-projected publication date.

More detailed publication information is available through the private side of Patent

Application Information Retrieval (PAIR) System. The direct link to access PAIR is currently

http://pair.uspto.gov. Further assistance in electronically accessing the publication, or about

PAIR, is available by calling the Patent Electronic Business Center at 1-866-217-9197.

Questions relating to this Notice should be directed to the Office of Data Management,

Application Assistance Unit at (571) 272-4000, or (571) 272-4200, or 1-888-786-0101.

PART 1 — ATTORNEY/APPLICANT COPY
page 1 of 1
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Commissioner for Patents

United States Patent and Trademark Office
PO. Box 1450

Alexandria, VA 22313-1450

Defense Technology Security Administration
2850 Eisenhower Avenue . '

Alexandria, VA 22314 OCT -5 7011 -

Attn: DTSA Patent Review flCENSlNG:& REWEW

Application serial number(s) identified below was referred at least one DOD defense agency
under 35 U.S.C. 181 on the noted dates which are more than the 6 months as provided for in 35
U.S.C. 184. The Patent and Trademark Office (USPTO) has not received a communication from
you regarding secrecy of this application under 35 USC 18 1.

Examination of this application has been completed and has been found to be in condition for

allowance as a U.S. Patent. Since the USPTO has no authority to withhold the issue ofa patent
"absent a recommendation for a secrecy order under l8l, this application is being prepared for
issue as a US. patent.

Serial Nu ber Referral Date

// ammo 0%/W
You re also reminded that although these applications are being cleared by the USPTO, dated
access acknowledgement forms continue to be required in these applications pursuant to 35 USC
I81. '

Thank you for attention to this matter.

Supervisor Li rising and Review.
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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.

11/860,080 09/24/2007 Marcos C. Tzannes 5550—47—CON—DIV 5967

62574 7590 09/27/2011 .. 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

09/27/2011 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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Application No. App|icant(s)

11/860,080 TZANNES, MARCOS C.

Applicant-Initiated Interview Summary Examiner

TESFALDET BOCURE

All participants (applicant, app|icant’s representative, PTO personnel):

(1) TESFALDETBOCURE.

(2) Mr. Vick Jason (Reg. # 45,285).

Date of Interview: 20 September 2011.

Type: K4 Telephonic I] Video Conference
[I Personal [copy given to: El applicant El appIicant’s representative]

Exhibit shown or demonstration conducted: I] Yes Z! No.
If Yes, brief description:

Issues Discussed [I101 [I112 [I102 [I103 |ZIOthers
(For each of the checked boxfes) above, please describe below tl1e is sue and detailed description of the discussion)

Claim(s) discussed: 47 and 60.

Identification of prior art discussed: None.

Substance of Interview
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a
reference or a portion thereof. claim interpretation, proposed amendments, arguments of any applied references etc...)

See Continuation Sheet.

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the inten/iew. (See MPEP
section 713.04). If a reply to the last Office action has already been filed, applicant is given a non—extendab|e period of the longer of one month or
thirty days from this interview date, or the mailing date of this interview summary form, whichever is later, to file a statement of the substance of the
interview

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of
the substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

|:l Attachment
/Tesfaldet Bocurei

Primary Examiner, Art Unit 2611

U.S Patent and Trademark Office

PTOL—413 (Rev. 8/11/2010) Interview Summary Paper No. 20110920
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Summary of Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record
A complete written statement as to the substance of any lace-to-face, video conference, or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview.

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews
Paragraph (b)

In every instance where reconsideration IS requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must be filed bythe applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111 1.135. (35 U.S.C. 132)

37 CPR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written reoord in the Office. No attention will be paid to
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. It is the examiner's responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is othenNise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
“Contents” section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicants correspondence address
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:
—Application Number (Series Code and Serial Number)
— Name of applicant
— Name of examiner
— Date of interview

—Type of interview (telephonic, video-conference, or personal)
— Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)
—An indication whether or not an exhibit was shown or a demonstration conducted

—An identification of the specific prior art discussed
— An indication whether an agreement was reached and if so, a description of the general nature ofthe agreement (may be by

attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

—The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the
substance of the interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:
1) A brief description of the nature of any exhibit shown or any demonstration conducted,
2) an identification of the claims discussed,
3) an identification of the specific prior art discussed,
4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the

Interview Summary Form completed by the Examiner,
5) a brief identification of the general thrust of the principal arguments presented to the examiner,

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust ofthe principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)

6) a general indication of any other pertinent matters discussed, and
7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by

the examiner.

Examiners are expected to carefully review the applicants record of the substance of an interview. If the record is not complete and
accurate, the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiners version of the
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, "Interview Record OK" on the
paper recording the substance of the interview along with the date and the examiner‘s initials.
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Continuation Sheet (PTOL-413) Application No. 11/860,080

Continuation of Substance of Interview including description of the general nature of what was agreed to if an
agreement was reached, or any other comments: Applicant'srepresentative, Mr. Vick Jason (Reg. # 45,285)
discussed how to overcome possible 112 2nd paragraph with respect to the drafted claims 47 and 60. The following
proposals have been suggested by the Examiner and agreed upon by Mr. Vick (see underlined limitations proposed by
the Examiner):
47. (New) A method, in a first multicarrier transceiver that uses a plurality of carrier signals for receiving a bit
stream, wherein each carrier signal has a phase characteristic associated with the bit stream, the method comprising:
receiving the bit stream, wherein:
each carrier signal is associated with a value determined independently of any bit value corresponding or (associated)
to the received bit stream carried by that respective carrier signal, the value associated with each carrier signal
determined by a pseudo—random number generator,
a phase shift for each carrier signal is based on:
the value associated with that respective carrier signal, and
the combining of the phase shift for each carrier signal with the phase characteristic of that respective carrier signal so
as to substantially scramble the phase characteristics of the plurality of carrier signals, and
multiple carrier signals corresponding to the phase scrambled plurality of carrier signals are used by the first
multicarrier transceiver to demodulate a same input bit value corresponding or (associated) to the received bit stream.

It should be noted that the word “corresponding or associated" can be used interchangeably according to the
specification whichever one is applicable. The same proposal also applies to claim 70.
In the meantime, discussed some minor issues regarding:
In the drawing element 54 has been disclosed as received by the scrambler 74 and agreed to correct; and a miss
spelled word, “non-lipped" in page 2. Line 26 of the specification (see parent US patent number 7,292,627) to be
amended to read as---non—clipped--.
As to the disclosed transmission signal 78, the amended drawing received on 8/30/2011 corrects the concern by the
Examiner; therefore, the issue has been resolved.

In the meantime, Mr. Vick agreed to change the scrambler 66' by descrambler 66' since the receiver has been
disclosed as performing inverse of that of the scrambler 66 at the transmitter and to include in his remarks that the
claimed phase scrambling is performed by the transmitter to overcome drawing objection (Form Par. 6.36).
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TN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: Marcos C. Tzannes 3 Group Art Unit: 2611

Application No.: 11/860,080 3 Examiner: WILLIAMS, Lawrence B.

Filed: September 24, 2007 g Conf1rmationNo.: 5967
)

)

For: SYSTEM AND METHOD FOR DESCRAMBLING THE PHASE OF THE CARRIERS

IN A MULTICARRIER COMMUNICATIONS SYSTEM

Atty. File No.: 5550—47—CON-DIV

Commissioner for Patents

P. O. Box 1 45 0

Alexandria, VA 22313

SIXTH PRELIMINARY AMENDMENT

Dear Sir:

Prior to the initial review of the above-identified patent application by the Examiner, and

supplemental to the September 9, 2011 Preliminary Amendment, please enter the following

Preliminary Amendment. Although Applicants do not believe that any fees are due based upon

the filing of this Preliminary Amendment, please charge any such fees to Deposit Account 19-

1970.

Please amend the abovc-identified patent application as follows:

Amendments to the Specification begin on page 2 of this paper.

Amendments to the Drawings begin on page 3 of this paper and include both an

attached replacement sheet and an annotated sheet showing changes.

Amendments to the Claims are shown in the listing of claims which begin on page 4 of

this paper.

Remarks begin on page 9 of this paper.

Attomey Docket No.: 5550-47~CON—DIV
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AMENDMENTS TO THE SPECIFICATION

Submitted herewith is a maIked—up and clean Version of a substitute specification. No

new matter is believed to have been added therein.

Attorn ey Docket No.2 55 5 0-47-CON—DIV
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AMENDMENTS TO THE DRAVVINGS:

The attached drawing sheet(s) inc1ude(s) changes to Figure 1. This sheet, which includes

Figure 1 replaces the previously submitted sheet.

Attorney Docket No.: 55 50-47-CON—DIV
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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:

I -46. (Canceled)

47. (Currently Amended) A method. lni_n a first multicarrier transceiver,—ha¥i-ngfiiat

u_se§ a plurality of carrier signals for receiving a bit stream, wherein each carrier signal laavingheg

a phase characteristic associated with the bit stream, aflig method comprising:

® receiving the bit stream, wherein:

each carrier signal wasi_s associated with a value determined independently of any

bit Value of the bit stream carried by that respective carrier signal, the Value associated with each

carrier signal determined Qa pidoaandom number generator,

a phase shift for each carrier signal is based on:

the value associated with

that carrier signal, and

 %mgn$the combining of a phase for each carrier signal with the

phase characteristic of that respective carrier signal so as to substantially scramble the phase

characteristics of the plurality of carrier signals, _a_n;l

multiple carrier signals correslflrding to the plurality ofighase shifted and

scrambled carrier signals wereare used by the first multicarrier transceiver to

medulatedemodulate a same input bit va.lue,—and

wmb ofthe received bit stream.

48. (Previously Presented) The method of claim 47 , wherein the first transceiver is a

cable transceiver.

Attorney Docket No.: 5550-47—CON—DlV
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49. (Previously Presented) The method of claim 47, wherein the first transceiver is

VDSL transceiver.

50. (Previously Presented) The method of claim 47, wherein the bit stream is used to

transport video.

51. (Previously Presented) The method of claim 47, wherein the bit stream is used to

transport high speed internet access.

52. (Previously Presented) The method of claim 47, further comprising, in a second

transceiver in communication with the first transceiver, independently deriving the values

associated with each carrier using a second pseudo—random number generator in the second

transceiver.

53. (Previously Presented) The method of claim 52, wherein the first and second

transceivers use a same seed for the pseudo—random number generator.

54. (Previously Presented) The method of claim 52, wherein the first and second

transceivers are wireless transceivers.

55. (Previously Presented) The method of claim 52, wherein the first and second

transceivers are cable transceivers.

56. (Previously Presented) The method of claim 52, wherein the first and second

transceivers are DSL transceivers connected using a pair of twisted wires of a telephone

subscriber system.

57. (Previously Presented) The method of claim 56, wherein the first and second

transceivers are VDSL transceivers.

Attomey Docket No.: 5550—47—CON-DIV
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58. (Previously Presented) The method of claim 52, wherein the bit stream is used to

transport video.

59. (Previously Presented) The method of claim 52, wherein the bit stream is used to

transport high speed internet access.

60. (Currently Amended) A multicarrier system including a first transceiver

having—a—that uses a plurality of carrier signals for receiving a bit stream, wherein each

carrier signal—l=iav-ing has a phase characteristic associated with the bit stream, the transceiver

capable of receiving the bit stream, wherein:

each carrier signal wasis associated with a value determined independently of any

bit value of the bit stream carried by that respective carrier signal, the value associated with each

carrier signal determined by a pseudo—random number generator

a phase shift for each carrier signal is based on:

 thevalue associated with

that respective carrier signal, and

phase of that carrier signal the combining of a phase shift for each carrier signal

with the phase characteristic of that respective carrier signal so as to substantially scramble the

phase characteristics of the plurality of carrier signals,

multiple carrier signals corresponding to the plurality of phase shifted and

scrambled carrier signals wereare used bv the first multicarrier transceiver to

medulatedemodulate a same input bit value,—and

mmb of the received bit stream.

61. (Previously Presented) The system of claim 60, wherein the first transceiver is a

cable transceiver.

62. (Previously Presented) The system of claim 60, wherein the first transceiver is

VDSL transceiver.

Attorney Docket No.: 5550-47-CON-DIV
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63. (Previously Presented) The system of claim 60, wherein the bit stream is used to

transport video.

64. (Previously Presented) The system of claim 60, wherein the bit stream is used to

transport high speed internet access.

65. (Previously Presented) The system of claim 60, further comprising a second

transceiver in communication with the first transceiver, the second transceiver independently

deriving the values associated with each carrier using a second pseudo-random number generator

in the second transceiver.

66. (Previously Presented) The system of claim 65, wherein the first and second

transceivers use a same seed for the pseudo-random number generator.

67. (Previously Presented) The system of claim 65, wherein the first and second

transceivers are Wireless transceivers.

68. (Previously Presented) The system of claim 65, wherein the first and second

transceivers are cable transceivers.

69. (Previously Presented) The system of claim 65, wherein the first and second

transceivers are DSL transceivers connected using a pair of twisted wires of a telephone

subscriber system.

70. (Previously Presented) The system of claim 69, wherein the first and second

transceivers are VDSL transceivers.

71. (Previously Presented) The system of claim 65 , wherein the bit stream is used to

transport video.

Attomey Docket No.: 5550-47—CON—DIV
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72. (Previously Presented) The system of claim 65, wherein the bit stream is used to

transport high speed internet access.

Attorney Docket No .: 55 5 0-47—CON—DIV
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REMARKS/ARGUMENTS

Applicant requests examination on the merits.

Applicant would like to thank Examiners Bocure and Williams for the courtesies

extended during the September 20 telephone conference. During the conference, the Examiner

requested the changes to the claims as shown above. The Examiner also requested element 66’

be changed to “phase descrambler” since it is performing the inverse functions of phase

scrambler 66.

Attached hereto are a substitute specification and replacement figure that make the

changes as requested.

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.

The Commissioner is hereby authorized to charge to Deposit Account No. 19-1970 any

fees under 37 C.F.R. §§ 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 PC.

I
//

By: / »/
//’' iso’n/H/. Vick

/// Registration No. 45,285
1560 Broadway, Suite 1200

Denver, Colorado 80202-5141

(303) 863-9700

/

Attomey Docket No.: 5550-47—CON-DIV
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Markcd-Up Copy of Substitutc Spccification

US App No. 11/860,080

Attorney Docket No. 5550—47—CON—DIV

A System and Method for Descrambling the Phase of the Carriers in a Multicarrier

Communications System

Related Application

This application is a divisional of U.S. Application No. 11/211,535, filed August 26,

2005, now U.S. Patent No. 7,292,627, which is a continuation of U.S. Application No.

09/710,310, filed on November 9, 2000, now U.S. Patent No. 6,961,369, which claims the

bcncfit of thc filing date of copcnding 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 channel 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

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.
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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

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
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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.

Summary 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 ofthe 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 peal<—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



Page 127 of 391

Marked-Up Copy of Substitute Specification

US App No. 11/860,080

Attorney Docket No. 5550—47—CON—DIV

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 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 multiearrier 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 that is one of a star quad cable, a Dieselhorst—Martin quad



Page 128 of 391

Marked-Up Copy of Substitute Specification

US App No. 11/860,080

Attorney Docket No. 5550—47—CON—DIV

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, 26 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

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
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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.

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 serarnblerdescrambler 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 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 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 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, a DMT superframe 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
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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.

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 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 (ie, 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.
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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

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 51st DMT carrier signal which is located at the frequency

of215.625 kHz (ie, 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

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

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
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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.

ln 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 1 10) 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

unscramblcd 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.
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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 X35, modulo
(mod) 27$. 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 27:) : E 7:.
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 X §(mod27r) = TC. The carrier signal With the
carrier number N equal to 0 has no phase 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)>< %, 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

2

With the same carrier number N equal to 50 on the next DMT symbol count M equal to 9 has

characteristic of that carrier signal equal to (50 + 8) X E (mod 27:) : E. The carrier signal

a phase shift added to the phase characteristic of that carrier signal equal to

(50+9)><%(mod 271:) =

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) >< 1, mod 27:,6

where XNis 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) ><%(mod 27:) = 3?” (Note that
9 is the 5m Value in XN.) 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 (5) x%(mod 27;) = 51 .6
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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 (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 multicarrier 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

(eg, 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

11
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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 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 predefmed 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

12
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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)

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 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 ofthe 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 gx (A1 + N) , mod 27:, 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. ln one embodiment, the transmitter 22 stops

attempting to produce a non-clipped DMT symbol 70' for the particular set of QAM symbols

5 8 after generating a predetermined number of clipped DMT symbols 70'. At that moment,

13
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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 10-7 for the time domain transmission signal 38 can therefore operate with a 10-5

probability of clipping and a lower PAR equal to 12.8 dB (as compared to 14.5 dB). When

operating at a 10-5 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
105

5 12 _ _
transmission signal 78 being transmitted, on average, once every 195 DMT symbols.

, or 195 DMT symbols 70. This results in the predefined (non—data carrying)

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 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 various types of applications transported over DSL

systems (e.g., telecommuting, video conferencing, high speed lntemet 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 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 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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A System and Method for Descrambling the Phase of the Carriers in a Multicarrier

Communications System

Related Application

This application is a divisional of U.S. Application No. 11/211,535, filed August 26,

2005, now U.S. Patent No. 7,292,627, which is a continuation of U.S. Application No.

09/710,310, filed on November 9, 2000, now U.S. Patent No. 6,961,369, which claims the

benefit of the filing date of copcnding 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 channel 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

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.
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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

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
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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.

Summary 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 ofthe 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 peal<—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
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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 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 (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 that is one of a star quad cable, a Dieselhorst—Martin quad
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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, 26 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

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
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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.

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 descrambler 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 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 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 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, a DMT superframe 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
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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.

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 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 (ie, 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.
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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

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 51st DMT carrier signal which is located at the frequency

of215.625 kHz (ie, 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

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

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
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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.

ln 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 1 10) 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

unscrambled 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.
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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 X35, modulo
(mod) 27$. 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 27:) : E 7:.
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 X §(mod27r) = TC. The carrier signal With the
carrier number N equal to 0 has no phase 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)>< %, 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

2

With the same carrier number N equal to 50 on the next DMT symbol count M equal to 9 has

characteristic of that carrier signal equal to (50 + 8) X E (mod 27:) : E. The carrier signal

a phase shift added to the phase characteristic of that carrier signal equal to

(50+9)><%(mod 271:) =

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) >< 1, mod Zzr,6

where XNis 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) ><%(mod 27:) = 3?” (Note that
9 is the 5m Value in XN.) 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 (5) x%(mod 27;) = 51 .6
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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 (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 multicarrier 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

(eg, 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

ll
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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 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 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

12
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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)

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 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 ofthe 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 gx (A1 + N) , mod 27:, 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.

lf 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. ln one embodiment, the transmitter 22 stops

attempting to produce a non-clipped DMT symbol 70' for the particular set of QAM symbols

5 8 after generating a predetermined number of clipped DMT symbols 70'. At that moment,

13



Page 152 of 391

Clean Copy of Substitute Specification

US App No. 11/860,080

Attorney Docket No. 5550—47—CON—DIV

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 10-7 for the time domain transmission signal 38 can therefore operate with a 10-5

probability of clipping and a lower PAR equal to 12.8 dB (as compared to 14.5 dB). When

operating at a 10-5 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
105

5 12 _
transmission signal 78 being transmitted, on average, once every 195 DMT symbols.

, or 195 DMT symbols 70. This results in the predefined (non—data carrying)

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 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 Various types of applications transported over DSL

systems (e.g., telecommuting, video conferencing, high speed lntemet 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 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 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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new matter is believed to have been added therein.
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Applicant requests examination on the merits.

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.

The Commissioner is hereby authorized to charge to Deposit Account No. 19-1970 any

fees under 37 C.F.R. §§ 1.16 and 1.17 that may be required by this paper and to credit any
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SIIERIDAN ROSS P.C.

Registration No. 45,285

1560 Broadway, Suite 1200
Denver, Colorado 80202-5141

(303) 863-9700
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I A System and Method for Descramb1ing the Phase of the Carriers in a
Multicarrier Communications System

Related Application

This application is a divisional of U.S. Application No. 11/211,535, filed August 26,

2005 now U.S. Patent No. 7,292,627, which is a continuation of U.S. Application No.

09/710 310 filed on November 9 2000 now U.S. Patent No. 6 961 369 whichillhis

applieatien 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 channel 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

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 lnverse 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.
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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

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
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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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Summary 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 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.
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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 (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 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
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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, 2636 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

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 ofthis 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
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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 ofthe 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 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 ofperforming 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 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 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 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, a DMT superframe 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

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
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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.

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 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 (ie, 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.
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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

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 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

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

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
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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.

ln 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 1 10) 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

unscrambled 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.
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Phase Shifting Example #1

Phase shifting example #1 (PS #1’) corresponds to adjusting the phase characteristic of

72'
NX—

the QAM-modulated carrier signal associated with a carrier number N by 3’ modulo

(mod) 21:. In this example, a carrier signal having a carrier number N equal to 50 has a phase

50x1 2
shift added to the phase characteristic of that carrier signal equal to 3 (mod 27:) = E 71:.

The carrier signal with a carrier number N equal to 51 has a phase shift added to the phase

7r
X j

characteristic of that carrier signal equal to 51 3 (mod2n)=n. The carrier signal with the

carrier number N equal to 0 has no phase 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

(N + M) x 1
the QAM-modulated carrier signal associated with a carrier number N by 4 , 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

(50 + 8) x Z 1
characteristic of that carrier signal equal to 4 (mod 27t)= 2 . The carrier signal with

the same carrier number N equal to 50 on the next DMT symbol count M equal to 9 has a

(50 + 9) x 1
phase shift added to the phase characteristic of that carrier signal equal to 4 (mod

37$

27:) =T .

Phase Shifting Example #3

Phase shifting example #3 (PS #3) corresponds to adjusting the phase characteristic of

p p g g . (XA') >< 1,mod 27:,
the QAM-modulated carrier signal associated with a carrier number N by 6
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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

(9)><£(mod27z') =3—”
to the phase characteristic of the carrier signal that is equal to 6 2 (Note

that 9 is the 5th value in XN.) 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

57r
5 5 d2 :—

()><6(mo 7r) 6.

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 (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 multicarrier 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
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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.

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 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 l20) 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.
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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 l07 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)

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 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 ofthe transmission signal 38.
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Phase Shifting Example #4

Phase shifting example #4 (PS #4’) corresponds to adjusting the phase characteristic of

5 x (M + N)
the carrier signal associated with a carrier number N by 3 , mod 27:, where M is

the DMT symbol count. ln 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 10-7 for the time domain transmission signal 38 can therefore operate with a 10-5

probability of clipping and a lower PAR equal to 12.8 dB (as compared to 14.5 dB). When

operating at a 10-5 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

105

512 , or 195 DMT symbols 70. This results in the predef1ned(non-data carrying)

transmission signal 78 being transmitted, on average, once every 195 DMT symbols.

15
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Although increasing the probability of clipping to 10's 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 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 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 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 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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A System and Method for Descrambling the Phase of the Carriers in a Multicarrier

Communications System

Related Application

This application is a divisional of U.S. Application No. 11/211,535, filed August 26,

2005, now U.S. Patent No. 7,292,627, which is a continuation of U.S. Application No.

09/710,310, filed on November 9, 2000, now U.S. Patent No. 6,961,369, which claims the

benefit of the filing date of copcnding 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 channel 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

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.
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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

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
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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.

Summary 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 ofthe 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 peal<—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
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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 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 (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 that is one of a star quad cable, a Dieselhorst—Martin quad
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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, 26 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

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
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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.

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 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 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 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, a DMT superframe 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
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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.

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 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 (ie, 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.
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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

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 51st DMT carrier signal which is located at the frequency

of215.625 kHz (ie, 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

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

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
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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.

ln 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 1 10) 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

unscrambled 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.
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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 X35, modulo
(mod) 27$. 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 27:) : E 7:.
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 X §(mod27r) = TC. The carrier signal With the
carrier number N equal to 0 has no phase 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)>< %, 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

2

With the same carrier number N equal to 50 on the next DMT symbol count M equal to 9 has

characteristic of that carrier signal equal to (50 + 8) X E (mod 27:) : E. The carrier signal

a phase shift added to the phase characteristic of that carrier signal equal to

(50+9)><%(mod 271:) =

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) >< 1, mod Zzr,6

where XNis 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) ><%(mod 27:) = 3?” (Note that
9 is the 5m Value in XN.) 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 (5) x%(mod 27;) = 51 .6
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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 (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 multicarrier 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

(eg, 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

ll
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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 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 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

12
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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)

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 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 ofthe 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 gx (A1 + N) , mod 27:, 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.

lf 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. ln one embodiment, the transmitter 22 stops

attempting to produce a non-clipped DMT symbol 70' for the particular set of QAM symbols

5 8 after generating a predetermined number of clipped DMT symbols 70'. At that moment,

13
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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 10-7 for the time domain transmission signal 38 can therefore operate with a 10-5

probability of clipping and a lower PAR equal to 12.8 dB (as compared to 14.5 dB). When

operating at a 10-5 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
105

5 12 _
transmission signal 78 being transmitted, on average, once every 195 DMT symbols.

, or 195 DMT symbols 70. This results in the predefined (non—data carrying)

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 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 Various types of applications transported over DSL

systems (e.g., telecommuting, video conferencing, high speed lntemet 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 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 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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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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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.

11/860,080 09/24/2007 Marcos C. Tzannes 5550—47—CON—DIV 5967

62574 7590 08/31/2011 .. 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

08/31/2011 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 199 of 391

Application No. App|icant(s)

11/860,080 TZANNES, MARCOS C.

Interview Summary E _ Aw _txamlner I‘ I'll

LAWRENCE WILLIAMS 2611

All participants (applicant, app|icant’s representative, PTO personnel):

(1) LAWRENCE WILLIAMS. (3)MARCOS C. TZANNES.

(2) JASON VICK. (4) .

Date of Interview: 15 August 201 1.

Type: a)I:| Telephonic b)I:| Video Conference
c)XI Personal [copy given to: 1)I:I applicant 2)I:I applicant'srepresentative]

Exhibit shown or demonstration conducted: d)|:| Yes e)|Xl No.
If Yes, brief description:

Claim(s) discussed: 21 and 34.

Identification of prior art discussed:

Agreement with respect to the claims f)|ZI was reached. g)|:| was not reached. h)I:I N/A.

Substance of Interview including description of the general nature of what was agreed to if an agreement was
reached, or any other comments: Discussed independent claims in resgect to sgecification. AQQ/icant will rewrite
claims to be more in line with sgecification since sgecification does not use the word descrambling but does teach
demdulation for the Qhase characteristics of the signals.

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the claims
allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims
allowable is available, a summary thereof must be attached.)

THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION MUST INCLUDE THE SUBSTANCE OF THE

INTERVIEW. (See MPEP Section 713.04). If a reply to the last Office action has already been filed, APPLICANT IS
GIVEN A NON—EXTENDABLE PERIOD OF THE LONGER OF ONE MONTH OR THIRTY DAYS FROM THIS

INTERVIEW DATE, OR THE MAILING DATE OF THIS INTERVIEW SUMMARY FORM, WHICHEVER IS LATER, TO

FILE A STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See Summary of Record of Interview
requirements on reverse side or on attached sheet.

/Lawrence B Williamsl
Examiner, Art Unit 2611

U.S Patent and Trademark Office

PTOL—413 (Rev. 04-03) Interview Summary Paper No. 1
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Summary of Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record
A complete written statement as to the substance of any lace-to-face, video conference, or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview.

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews
Paragraph (b)

In every instance where reconsideration IS requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must be filed bythe applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111 1.135. (35 U.S.C. 132)

37 CPR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written reoord in the Office. No attention will be paid to
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. It is the examiner's responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is othenNise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
“Contents” section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicants correspondence address
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:
—Application Number (Series Code and Serial Number)
— Name of applicant
— Name of examiner
— Date of interview

—Type of interview (telephonic, video-conference, or personal)
— Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)
—An indication whether or not an exhibit was shown or a demonstration conducted

—An identification of the specific prior art discussed
— An indication whether an agreement was reached and if so, a description of the general nature ofthe agreement (may be by

attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

—The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the
substance of the interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:
1) A brief description of the nature of any exhibit shown or any demonstration conducted,
2) an identification of the claims discussed,
3) an identification of the specific prior art discussed,
4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the

Interview Summary Form completed by the Examiner,
5) a brief identification of the general thrust of the principal arguments presented to the examiner,

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust ofthe principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)

6) a general indication of any other pertinent matters discussed, and
7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by

the examiner.

Examiners are expected to carefully review the applicants record of the substance of an interview. If the record is not complete and
accurate, the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiners version of the
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, "Interview Record OK" on the
paper recording the substance of the interview along with the date and the examiner‘s initials.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: Marcos C. Tzannes 3 Group Art Unit: 2611

Application No.: 11/860,080 Examiner: WILLIAMS, Lawrence B.
Filed: September 24, 2007 ) Confirmation No.: 5967

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

For: SYSTEM AND METHOD FOR DESCRAMBLING THE PHASE OF THE CARRIERS

IN A MULTICARRIER COMMUNICATIONS SYSTEM

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313

FOURTH PRELIMINARY AMENDMENT

Dear Sir:

Prior to the initial review of the aboVe—identified patent application by the Examiner, and

supplemental to the August 11, 2011 Preliminary Amendment, please enter the following

Preliminary Amendment. Although Applicants do not believe that any fees are due based upon

the filing of this Preliminary Amendment, please charge any such fees to Deposit Account 19-

1 970.

Please amend the aboVe—identified patent application as follows:

Amendments to the Claims are shown in the listing of claims which begin on page 2 of

this paper.

Amendments to the Drawings begin on page 6 of this paper and include both an

attached replacement sheet and an annotated sheet showing changes.

Remarks begin on page 7 ofthis paper.

Attorney Docket No.: 5550-47-CON-DIV
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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:

1-46. (Canceled)

47. (New) In a first multicarrier transceiver, having a plurality of carrier signals for

receiving a bit stream, each carrier signal having a phase characteristic associated with the bit

stream, a method comprising:

dcmodulating the bit stream, wherein:

each carrier signal was associated with a value determined independently of any

bit value carried by that carrier signal,

a phase shift was computed for each carrier signal based on the value associated

with that carrier signal,

the phase shift computed for each carrier signal was combined with the phase

characteristic of that carrier signal so as to substantially scramble the phase characteristics of the

plurality of carrier signals,

multiple carrier signals were used to modulate a same input bit value, and

a value associated with the carrier signal was determined using a pseudo—random

number generator.

48. (New) The method of claim 47, wherein the first transceiver is a cable transceiver.

49. (New) The method of claim 47, wherein the first transceiver is VDSL transceiver.

50. (New) The method of claim 47, wherein the bit stream is used to transport video.

51. (New) The method of claim 47, wherein the bit stream is used to transport high

speed internet access.

Attorney Docket No.: 5550-47-CON-DlV
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52. (New) The method of claim 47, further comprising, in a second transceiver in

communication with the first transceiver, independently deriving the values associated with each

carrier using a second pseudo-random number generator in the second transceiver.

53. (New) The method of claim 52, wherein the first and second transceivers use a

same seed for the pseudo-random number generator.

54. (New) The method of claim 52, wherein the first and second transceivers are

wireless transceivers.

55. (New) The method of claim 52, wherein the first and second transceivers are cable

transccivcrs.

56. (New) The method of claim 52, wherein the first and second transceivers are DSL

transceivers connected using a pair of twisted wires of a telephone subscriber system.

57. (New) The method of claim 56, wherein the first and second transceivers are

VDSL transceivers.

58. (New) The method of claim 52, wherein the bit stream is used to transport video.

59. (New) The method of claim 52, wherein the bit stream is used to transport high

speed internet access.

60. (New) A multicarrier system including a first transceiver having a plurality of

carrier signals for receiving a bit stream, each carrier signal having a phase characteristic

associated with the bit stream, the transceiver capable of demodulating the bit stream,

wherein:

each carrier signal was associated with a value determined independently of any

bit value carried by that carrier signal,

Attorney Docket No.: 5550-47-CON-DlV
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a phase shift was computed for each carrier signal based on the value associated

with that carrier signal,

the phase shift computed for each carrier signal was combined with the phase

characteristic of that carrier signal so as to substantially scramble the phase characteristics of the

plurality of carrier signals,

multiple carrier signals were used to modulate a same input bit value, and

a value associated with the carrier signal was determined using a pseudo-random

number generator.

61. (New) The system of claim 60, wherein the first transceiver is a cable transceiver.

62. (New) The system of claim 60, wherein the first transceiver is VDSL transceiver.

63. (New) The system of claim 60, wherein the bit stream is used to transport video.

64. (New) The system of claim 60, wherein the bit stream is used to transport high

speed internet access.

65. (New) The system of claim 60, further comprising a second transceiver in

communication with the first transceiver, the second transceiver independently deriving the

values associated with each carrier using a second pseudo-random number generator in the

second transceiver.

66. (New) The system of claim 65, wherein the first and second transceivers use a

same seed for the pseudo-random number generator.

67. (New) The system of claim 65, wherein the first and second transceivers are

wireless transceivers.

68. (Ncw) The system of claim 65, wherein the first and second transceivers are cable

transceivers.

Attorney Docket No.: 5550-47-CON-DlV
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69. (New) The system of claim 65, wherein the first and second transceivers are DSL

transceivers connected using a pair of twisted wires of a telephone subscriber system.

70. (New) The system of claim 69, wherein the first and second transceivers are

VDSL transceivers.

71. (New) The system of claim 65, wherein the bit stream is used to transport video.

72. (New) The system of claim 65, wherein the bit stream is used to transport high

speed internet access.

Attorney Docket No.: 5550-47-CON-DlV
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AMENDMENTS TO THE DRAVVINGS:

The attached drawing sheet(s) inc1ude(s) changes to Figure 1. This sheet, which includes

Figure 1 replaces the original sheet.

Attorney Docket No.2 5550-47-CON-DIV
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REMARKS/ARGUMENTS

Applicant requests examination on the merits.

Claims 1-46 are cancelled without prejudice or disclaimer in favor of the new claims

presented herein.

By this amendment, Figure 1 has been updated to include all reference numbers from the

specification.

Applicant would like to thank Ex. Williams for the eourtesies extended during the August

15 Personal Interview. During the Interview, the above claims were discussed and the Examiner

requested the Figures be updated to include all reference numbers from the specification.

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.

The Commissioner is hereby authorized to charge to Deposit Account No. 19-1970 any

fees under 37 C.F.R. §§ 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: /Jason H. Vick/
Jason H. Vick

Registration No. 45,285

1560 Broadway, Suite 1200
Denver, Colorado 80202-5141

Date: August 30, 2011 (303) 863-9700

Attorney Docket No.: 5550-47-CON-DIV
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Multipart Description/PDF files in .zip description
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drawings Annotated_FIg_1.pdf 3530668079 If8e9c792658Sa55’I aSa3e9 I e

EM 3

Warnings:

Information:

Drawings-only black and white line
drawings Rep|acement_Fig_1.pdf e6993d3d4655a4da73c30I a44b04f(50 I 0e

34:19:

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.

New Applications Under 35 U.S.C. 111
Ifa 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
Ifa 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 EATENT AND TRADEMARK OFFICE lI\ |'I'IlI|) S'I'A'|'IlIS I)|<IPA|I'I'V| |<I\I'I' ()Il' (TOM l\’I|‘iIH‘|<i
United States Patent and Trademark Office
Adckess COMMISSIONER FOR PATENTSPa Rm mo

AIexa11d.tm,V1Iglrua 22313-1450wwvruspto gm’

APPLICATION N'U'lVIRF.R En.r\1(; 012 371 (C) DATE FIRST NAMED APPLICANT ATTY. DOCKET No./rm.E

11/860,080 09/24/2007 Marcos C. Tzannes 5550-47-CON-DIV
CONFIRMATION NO. 5967

62574 POA ACCEPTANCE LETTER
Jason H. Vick

Sheridan Ross, PC lllllllllllllllllllllllllflllwlllllilllilllllllllylllllllllllllllllllllllllllllll
Suite # 1200 3 557

1560 Broadway
Denver, CO 80202

Date Mailed: 08/18/2011

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 08/10/2011.

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.

/agizaw/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: Marcos C. Tzannes 5 Group Art Unit: 2611

Application No.: 11/860,080 3 Examiner: WILLIAMS, Lawrence B.
Filed: September 24, 2007 ) Confirmation No.: 5967

Atty. File No.: 5 5 50-47-CON—DlV

For: SYSTEM AND METHOD FOR DESCRAMBLING THE PHASE OF THE CARRIERS

IN A MULTICARRIER COMMUNICATIONS SYSTEM (As Amended)

Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313

THIRD PRELIMINARY AMENDMENT

Dear Sir:

Prior to the initial review of the aboVe—identified patent application by the Examiner, and

supplemental to the August 10, 2011 Preliminary Amendment, please enter the following

Preliminary Amendment. Although Applicants do not believe that any fees are due based upon

the filing of this Preliminary Amendment, please charge any such fees to Deposit Account 19-

l 970.

Please amend the above-identified patent application as follows:

Amendments to the Specification begin on page 2 of this paper.

Amendments to the Claims are shown in the listing of claims which begin on page 3 of

this paper.

Remarks begin on page 7 of this paper.

Attorney Docket No.: 5550—47—CON-DIV
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AMENDMENTS TO THE SPECIFICATION

Please replace the Title with:

I SYSTEM AND METHOD FOR DESCRAMBLINGQ I I 4 X "7 THE PHASE OF THE
CARRIERS IN A MULTIC ARRIER COMMUNICATIONS SYSTEM

Attorney Docket No.: 5550-47-CON—DIV
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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:

1-20. (Cancelcd)

21. (Currently Amended) In a @§t_multicarrier meet-ulaé»it>2ia—transceiver having a

plurality of carrier signals for demodulating a bit stream, each carrier signal having a phase

characteristic associated with the bit stream, a method for descrambling the phase characteristics

ofthc carrier signals comprising:

associating each carrier signal with a value determined independently of any 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

using the phase shift computed for each carrier signal to descramble the phase

characteristics of the plurality ofcarricr signals, wherein multiple carrier signals are used to

deniodulate the same bit value, and the value associated with the carrier signal is determined

using a pseudo-random number generator.

22. (Currently Amended) The method of claim 21, wherein the first transceiver is a

cable transceiver.

23. (Currently Amended) The method of claim 21, wherein the first transceiver is

VDSL transceiver.

24. (Previously Presented) The method of claim 21, wherein the bit stream is used to

transport video.

25. (Previously Presented) The method of claim 21, wherein the bit stream is used to

transport high speed internet access.

Attorney Docket No.: 5550—47—CON-DIV
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26. (Previously Presented) The method of claim 21, further comprising, in a second

transceiver in communication with the first transceiver, independently deriving the values

associated with each carrier using a second pseudo—random number generator in the second

transceiver.

27. (Previously Presented) The method of claim 26, wherein the first and second

transceivers use a same seed for the pseudo-random number generator.

28. (Previously Presented) The method of claim 26, wherein the first and second

transceivers arc wireless transceivers.

29. (Previously Presented) The method of claim 26, wherein the first and Second

transceivers are cable transceivers.

30. (Previously Presented) The method of claim 26, wherein the first and second

transceivers are DSL transccivcrs conncctcd using a pair of twisted wires of a telephone

subscriber system.

31. (Previously Presented) The method of claim 30, wherein the first and second

transceivers are VDSL transceivers.

32. (Previously Presented) The method of claim 26, wherein the bit stream is used to

transport video.

33. (Previously Presented) The method of claim 26, wherein the bit stream is used to

transport high speed internet access.

34. (Currently Amended) A multicarrierr system including a first

transceiver having a plurality of carrier signals for dcmodulating a bit stream, each carrier

signal having a phase characteristic associated with the bit stream, the transceiver capable of:

Attorney Docket No.2 5 550-47-CON-DIV
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associating each carrier signal with a value determined independently of any

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

using the phase shift computed for each carrier signal to descramble the phase

characteristics of the plurality of carrier signals, wherein multiple carrier signals are used to

demodulate the same bit value, and the value associated with the carrier signal is determined

using a pseudo—random number generator.

35. (Currently Amended) The system of claim 34, wherein the first transceiver is a

cable transceiver.

36. (Currently Amended) The system of claim 34, wherein the fistjtransceiver is

VDSL transceiver.

37. (Previously Presented) The system of claim 34, wherein the bit stream is used to

transport video.

38. (Previously Presented) The system of claim 34, wherein the bit stream is used to

transport high speed internet access.

39. (Previously Presented) The system of claim 34, further comprising a second

transceiver in communication with the first transceiver, the second transceiver independently

deriving the values associated with each carrier using a second pseudo~random number generator

in the second transceiver.

40. (Previously Presented) The system of claim 39, wherein the first and second

transceivers use a same seed for the pseudo—random number generator.

41. (Previously Presented) The system of claim 39, wherein the first and second

transceivers are wireless transceivers.
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42. (Previously Presented) The system of claim 39, wherein the first and second

transceivers are cable transceivers.

43. (Previously Presented) The system ofclaim 39, wherein the first and second

transceivers are DSL transceivers connected using a pair of twisted wires of a telephone

subscriber system.

44. (Previously Presented) The system of claim 43, wherein the first and second

transceivers are VDSL transceivers.

45. (Previously Presented) The system of claim 39, wherein the bit stream is used to

transport video.

46. (Previously Presented) The system of claim 39, wherein the bit stream is used to

transport high speed internet access.

Attorney Docket No.2 5550-47-CON -DIV
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REMARKS/ARGUMENTS

Applicant requests examination on the merits.

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.

The Commissioner is hereby authorized to charge to Deposit Account No. 19-1970 any

fees under 37 C.F.R. §§ l.l6 and 1.17 that may be required by this paper and to credit any

overpayment to that Account. lf 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: /

’7[;;%’fl2Tson H. Vick
,/"M Registration No. 45,285

1560 Broadway, Suite 1200

Denver, Colorado 80202-5141

(303) 863-9700

Attorney Docket N o.: 5550-47-CON-DIV
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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.
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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
Ifa 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
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/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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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: Marcos C. Tzannes g Group Art Unit: 2611

Application No.: 11/860,080 g Examiner: WILLIAMS, Lawrence B.
Filed: September 24, 2007 ) Confiimation No.: 5967

)

Atty. File No.: 5550—47—CON—DIV %

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

A MULTICARRIER COMMUNICATIONS SYSTEM

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313

PRELIMINARY AMENDMENT

Dear Sir:

Prior to the initial review of the above-identified patent application by the Examiner,

please enter the following Preliminary Amendment. Although Applicants do not believe that any

areA—dueAbaAsec—Lupon—thefiling»AofAthisA_Prel_iminaryAArnendrnentrpcleasecchargeccanysuch fees to

Deposit Account 19-1970.

Please amend the above-identified patent application as follows:

Amendments to the Specification begin on page 2 of this paper.

Amendments to the Claims are shown in the listing of claims which begin on page 3 of

this paper.

Remarks begin o11 page 6 of this paper.

Attorney Docket No.: 5550-47—CON-DIV
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AMENDMENTS TO THE SPECIFICATION

Please amend the first paragraph of the application beneath the heading “RELATED

APPLICATION”:

Related Application

This application is a divisional of U.S. Application No. 11/211,535 filed August 26,

2005, now US. Patent No. 7.292,627 which is a continuation of U.S. Application No.

09/710310, filed November 9 2000, now US. Patent No. 6,961,369, which claims the benefit of

the filing date of copending U.S. Provisional Application, Serial No. 60/164,1 34, filed November

9, 1999, entitled "A Method For Randomizin g The Phase Of The Carriers In A Multicarrier

Communications System To Reduce The Peak To Average Power Ratio Of The Transmitted

Signal," each of which are incorporated by

relereneeherein bV reference in their entirety.

Attorney Docket No.: 5550-47—CON—DIV
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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:

1-20. (Canceled)

21. (New) In a multicarrier modulation transceiver having a plurality of carrier

signals for demodulating a bit stream, each carrier signal having a phase characteristic associated

with the bit stream, a method for deserambling the phase characteristics of the carrier signals

comprising: associating each carrier signal with a value determined independently of any 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 using the phase shift computed for each carrier

signal to deseramble the phase characteristics of the plurality of carrier signals, wherein multiple

carrier signals are used to demodulate the same bit value, and the value associated with the

carrier signal is determined using a pseudo-random number generator.

22. (New) The method of claim 21, wherein the transceiver is a cable transceiver.

" as riiémethod grcciaazi; siga-aaiheaaigaeaag igcvscsrct;ag¢eix;as_W

(New) The method ofclaim 21, wherein the bit stream is used to transport video.

25. (New) The method of claim 21, wherein the bit stream is used to transport high

speed internet access.

26. (New) The method of claim 21, further comprising, in a second transceiver in

communication with the first transceiver, independently deriving the Values associated with each

carrier using a second pseudo—random number generator in the second transceiver.

27. (New) The method of claim 26, wherein the first and second transceivers use a

same seed for the pseudo—random number generator.

Attorney Docket No.2 5550-47-CON-DIV
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28. (New) The method of claim 26, wherein the first and second transceivers are

wireless transceivers.

29. (New) The method of claim 26, wherein the first and second transceivers are cable

transceivers.

*7

30. (New) The method of claim 26, wherein the first and second transceivers are DSL

transceivers connected using a pair of twisted wires of a telephone subscriber system.

31. (New) The method of claim 30, wherein the first and second transceivers are

VDSL transceivers.

32. (N cw) The method of claim 26, wherein the bit stream is used to transport video.

33. (New) The method of claim 26, wherein the bit stream is used to transport high

speed internet access.

4

~—~~34.~—~~»~(New).Amulticarrierminedulationsystem_.ineluding_.a.transcciver_having_.a._. . , . ..

plurality of carrier signals for demodulating a bit stream, each carrier signal having a phase

characteristic associated with the bit stream, the transceiver capable of: associating each

carrier signal with a value determined independently of any 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 using the phase shift computed for each carrier signal to descramble the

phase characteristics of the plurality of carrier signals, wherein multiple carrier signals are

used to demodulate the same bit value, and the value associated with the carrier signal is

determined using a pseudo—rando1n number generator.

35. (New) The system of claim 34, wherein the transceiver is a cable transceiver.

36. (New) The system of claim 34, wherein the transceiver is VDSL transceiver.

Attomey Docket No.: 5550-47-CON-DIV
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37. (New) The system of claim 34, wherein the bit stream is used to transport video.

38. (New) The system of claim 34, wherein the bit stream is used to transport high

speed internet access.

39. (New) The system of claim 34, further comprising a second transceiver in

communication with the first transceiver, the second transceiver independently deriving the

values associated with each carrier using a second pseudo—rand0m number generator in the

second transceiver.

40. (New) The system of claim 39, wherein the first and second transceivers use a

same seed for the pseudo-random number generator.

41. (New) The system of claim 39, wherein the first and second transceivers are

wireless transceivers.

42. (New) The system of claim 39, wherein the first and second transceivers are cable

transceivers.

43. (New) The system of claim 39, wherein the first and second transceivers are DSL

transceivers connected using a pair of twisted wires of a telephone subscriber system.

44. (New) The system of claim 43, wherein the first and second transceivers are

VDSL transceivers.

45. (New) The system of claim 39, wherein the bit stream is used to transport video.

46. (New) The system of claim 39, wherein the bit stream is used to transport high

speed internet access.

Attorney Docket N0.: 5550-47—CON—DlV



Page 236 of 391

REMARKS/ARGUMENTS

By this amendment, claim 20 has been canceled without prejudice or disclaimer in favor

of the newly presented claims.

Applicant requests examination on the merits.

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.

The Commissioner is hereby authorized to charge to Deposit Account No. 19—l970 any

fees under 37 C.F.R. §§ 1.16 and l.l7 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.

Registration No. 45,285

3 l560Broad—way, Suite 1200 a

Denver, Colorado 80202-5141

(303) 863-9700

Attorney Docket No.: 5 5 50—47—CON-DlV
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Application No./Patent No.: 11/850,080 Filed/issue Date: September 24. 2007
Titled? SYSTEM AND METHOD FOR SCRAMBLING THE PHASE OF THE CARRIERS IN A MULTICARRIER
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(The extent (by percentage) of its ownership interest is %); or

1, [Y the assignee of the entire right, title, and interest in;
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3. [F the assignee of an undivided interest in the entirety of (a complete assignment from one of thejoint inventors was made)

the patent application/patent identified above, by virtue of either:

A. 35 An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel 010877 , Frame 0307 H , or forwhich a
copy therefore is attached.
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A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:
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The document was recorded in the United States Patent and Trademark Office at
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The document was recorded in the United States Patent and Trademark Office at

Reel Frame , or for which a copy thereof is attached.
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As required by 37 CFR 3.73(b)(1)(i), the documentary evidence of the chain of title from the original owner to the assignee was,
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accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. ‘_S§§ MPEP 302.08]

The undersigned (whose title is supplied below) is authoriggCLt9j1£>t.on behalf of the assignee._,_..@...-»—
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Jason H. Vick Attorney for Assignee
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If the specification and drawings exceed 100
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35 U.S.C. 41 a 1 G and 37 CFR 1.16 s.
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(Column 2)
HIGHEST
NUMBER

(Column 3)

I-
Z
LIJ
E
D
Z
LIJ
E
<

(Column 2)
HIGHEST
NUMBER

(Column 3)
CLAIMS

3 FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1 16(j))

REMAINING
AFTER PREVIOUSLY08/10/2011

AMENDMENT PAID FOR
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Mm
I:I Application Size Fee (37 CFR 1.16(s))

D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(j)'I
AMENDMENT
* If the entry in column 1 is less than the entry in column 2, write “0“ in column 3.
** If the “Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter ‘‘20’‘.
W If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter

OTHER THAN
SMALL ENTITY
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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, PO Box 1450, Alexandria, VA 22313—1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner tor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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U.S. PATENT DOCUMENTS 
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_—
j—
_—
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FOREIGN PATENT DOCUMENTS

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

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

Relevant Figures
A ear

OTHER ART (including Author, Title, Date, Pertinent Pages, etc.)
Examiner Cite
lnitia|s* No.‘

HENKEL, "Analog Codes for Peak-to-Average Ratio Reduction,“ in Proceedings 3rd ITG Conf.
Source and Channel Coding, Munich, Germany, Jan. 2000, 5 pages

NARAHASHI et al., "New phasing scheme of N multiple carriers for reducing peak-to-average
power ratio," Electronics Letters, Aug. 1994, Vol. 30(17), pp. 1382-83

TELLADO et al., "Revisiting DMT's Peak-to-Average Ratio," Antwerp, Apr. 20—24, 1998, pp. 1-14

TELLAMBURA, "A coding technique for reducing peak-to-average power ratio in OFDM," In the
Proceedings of Global Telecommunications Conference, IEEE, Nov. 1998, pp. 2783-2787

TELLAMBU RA, "Phase optimisation criterion for reducing peak-to-average power ratio in OFDM,"
Electronics Letters, Jan. 1998, Vol. 34(2), pp. 169-170

Examiner Date
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*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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STATEMENT BY APPLICANT ,,,s, Name, ,,,,,,,,,, , W C_ .,m,,,

Art Unit 2611

VAN EETVELT et al., "Peak to average power reduction for OFDM schemes by selective
scrambling," Electronics Letters, Oct. 1996, Vol. 32(21), pp. 1963-64

Written Opinion for international (PCT) Patent Application No. PCT/US00/30958, mailed Dec. 18,
2001 (Attorney Ref. No. 5550-47-PCT)

Official Action for U.S. Patent Application No. 09/710,310, mailed May 4, 2004 (Attorney Ref. No.
5550-47)

Notice of Allowance for U.S. Patent Application No. 09/710,310, mailed Jul 5, 2005 (Attorney Ref.
No. 5550-47)

Notice of Allowance for U.S. Patent Application No. 11/211,535, mailed Sep. 6, 2007 (Attorney
Ref. No. 5550—47—CON)

Examiner Date
Signature Considered

*EXAM|NER: lnitial if reference is considered, whether or not citation is in conformance and not considered. Include copy of this
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PATENT COOPERATION TREATY

From the:
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY

PCT
VICK, Jason H.
Nixon Peabody LLP
8180 Greensboro Drive,Suite 800

McLean,Virginia 22102 WRITTEN OPINION
ETATS-UNIS D'AMER|QUE

(PCT Rule 66)

Date of mailing
(day/month/year) '1 8 .1 2 .2001

Applicant's or agent's file reference REPLY DUE within 1 month(s) and 15 days

08151349 from the above date of mailing

International application No. International filing date (day/month/year) Priority date {day/month/year)

PCT/US00/30958 09/11/2000 09/11/1999

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

H04L27/26

Applicant

AWARE, INC.

This writen opinion is the first drawn up by this International Preliminary Examining Authority.

This opinion contains indications relating to the following items:

I X Basis of the opinion
II Priority

III X Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
IV Lack of unity of invention

V Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

VI Certain document cited

VII Certain defects in the international application

VIII Certain observations on the international application

The applicant is hereby invited to reply to this opinion.

When? See the time limit indicated above. The applicant may, before the expiration of that time limit,
request this Authority to grant an extension, see Rule 66.2(d).

How? By submitting a written reply, accompanied, where appropriate, by amendments, according to Rule 66.3.
For the form and the language of the amendments, see Rules 66.8 and 66.9.

Also: For an additional opportunity to submit amendments, see Rule 66.4.
For the examiner's obligation to consider amendments and/or arguments, see Rule 66.4 bis.
For an informal communication with the examiner, see Rule 66.6.

If no reply is filed, the international preliminary examination report will be established on the basis of this opinion.

The final date by which the international preliminary
examination report must be established according to Rule 69.2 is: 09/03/2002.

Name and mailing address of the international Authorized officer] Examiner
preliminary examining authority:

European Patent Office

9) D‘30298 Munich Formalities officer (incl. extension of time limits)
Tel. +49 89 2399 — 0 Tx: 523656 epmu d Barrio Bar-anano! A
Faxi +49 89 2399 ‘ 4455 Telephone No. +49 89 2399 8621

Form PCT/IPEA/408 (cover sheet) (January 1994)

Pajatakis, E
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WRITTEN OPINION International application No. PCT/USO0/30958
SEPARATE SHEET

Re Item III

Non-establishment of opinion with regard to novelty, inventive step and

industrial applicability

According to the description (page 3, lines 10-16, page 4, lines 4-10) the phase

characteristics of the modulated carrier signals are scrambled by combining the

phase shift computed for each carrier signal with the phase characteristic of

that carrier signal. As this essential feature is missing from Claims 20-36, their

scope comprises embodiments in which phase scrambling is carried out without

the above feature which are not supported by the description, see also Guidelines

III, 4.3.

To meet the requirement of conciseness, Article 6, a single independent claim in

each category should be filed for the first invention.

Re Item V

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step

or industrial applicability; citations and explanations supporting such statement

The subject-matter of Claim 1 is not new, Article 33(2)

D1 = BAUML Fa’ WETAL: 'REDUC/NG THE PEAK—TO—AVEF:’AGE POWER

RATIO OF MUL TICAHH/EFI MODULAT/ONBY SELECTED MAPPING’

ELECTRON/CS LETTERS, GB,/EE STEVENAGE, vol. 32, no. 22, 24 October

1996 (1996— 1 0-24), pages 2056-2057, XP00064391 5 ISSN: 00 13-5194 discloses

a method for scrambling the phase characteristics of the carrier signals in a

multicarrier modulation system. The method comprises associating each carrier

signal V(u) with a value (1),, determined independently of any input bit value (page

2056, right col., last but one paragraph). A phase shift e‘‘‘’'‘ is computed for each

carrier signal and combined with the phase characteristic of that carrier signal so

as to substantially scramble the phase characteristics of the plurality of the carrier

signals (page 2056, right co|., equation 4).

All features of Claim 1 are also known from D2 = EP-A-0 719 004 (col. 14, line 39

— col. 15, fig. 9).

Form PCT/Separate Sheet/408 (Sheet 1) (EPO-April 1997)
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WRITTEN OPINION International application No. PCT/USO0/30958
SEPARATE SHEET

The above finding also applies to Claim 37 which corresponds to Claim 1.

The additional features of the dependent claims do not add anything new or

inventive to the above—mentioned independent claims because these features are

either known from the above prior art (reduced peak—to—average power ratio,

varying value with each carrier, pseudo-random pattern) or common measures

(using symbol and frame counts).

Form PCT/Separate Sheet/408 (Sheet 2) (EPO-April 1997)
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WRITTEN OPINION International application No. PCT/USOO/30958

I. Basis oi the opinion

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to
the receiving Office in response to an invitation under Article 14 are referred to in this opinion as “originally filed”):

Description, pages:

1-17 as originally filed

Claims, No.:

1-39 as originally filed

Drawings, sheets:

1/2-2/2 as originally filed

. With regard to the language, all the elements marked above were available or furnished to this Authority in the
language in which the international application was filed, unless otherwise indicated under this item.

These elements were available or furnished to this Authority in the following language: , which is:

El the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)).

El the language of publication of the international application (under Rule 48.3(b)).

El the language of a translation furnished for the purposes of international preliminary examination (under Rule
55.2 and/or 55.3).

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the
international preliminary examination was carried out on the basis of the sequence listing:

contained in the international application in written form.

filed together with the international application in computer readable form.

furnished subsequently to this Authority in written form.

furnished subsequently to this Authority in computer readable form.

The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in
the international application as filed has been furnished.

The statement that the information recorded in computer readable form is identical to the written sequence
listing has been furnished.

4. The amendments have resulted in the cancellation of:

El the description, pages:

El the claims, Nos.:

Form PCT/IPEA/408 (Boxes I-VIII, Sheet 1) (July 1998)
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WRITTEN OPINION International application No. PCT/USOO/30958

El the drawings, sheets:

5. El This report has been established as if (some of) the amendments had not been made, since they have been
considered to go beyond the disclosure as filed (Rule 70.2(c)):

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this
report.)

6. Additional observations, if necessary:

Ill. Non-establishment oi opinion with regard to novelty, inventive step and industrial applicability

1. The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non-
obvious), or to be industrially applicable have not been and will not be examined in respect of:

El the entire international application,

claims Nos. 20-36,

because:

El the said international application, or the said claims Nos. relate to the following subject matter which does
not require an international preliminary examination (specify):

the description, claims or drawings (indicate particular elements below) or said claims Nos. are so unclear
that no meaningful opinion could be formed (specify):

the claims, or said claims Nos. 20-36 are so inadequately supported by the description that no meaningful
opinion could be formed.

El no international search report has been established for the said claims Nos. .

2. A written opinion cannot be drawn due to the failure of the nucleotide and/or amino acid sequence listing to
comply with the standard provided for in Annex C of the Administrative Instructions:

El the written form has not been furnished or does not comply with the standard.

El the computer readable form has not been furnished or does not comply with the standard.

V. Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1 . Statement

Novelty (N) Claims 1—3,6,19,37,38

Inventive step (IS) Claims 1—‘l9,37,38

Form PCT/IPEA/408 (Boxes I-VIII, Sheet 2) (July 1998)
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Industrial applicability (IA) Claims

2. Citations and explanations
see separate sheet

Form PCT/IPEA/408 (Boxes I-VIII, Sheet 3) (July 1998)
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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
Ifa 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
Ifa 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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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of:

TZANNES, Marcos C.

Serial No.: 11/860,080

Filed: September 24, 2007

Atty. File No.: SS50—47—CON-DIV

Entitled: “System and Method for Scrambling the
Phase of the Carriers in a Multicarrier

Communications System”

Group Art Unit: 2611

Confirmation No.: 5967

Examiner: Not Yet Assigned

SUPPLEMENTAL

INFORMATION DISCLOSURE

STATEMENT\/\./\_/\/\J\/\./\/\/\/
Electronically Submitted

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 223 13-1450

Dear Sir:

The references cited on attached Form PTO-1449 are being called to the attention

of the Examiner.

K4 Copies of the cited no11-patent and/or foreign references are enclosed herewith.

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

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

accordance with 37 C.F.R. § l.98(a).

E] 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 US. 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.

5

D To the best of applicants’ belief, the pertinence of the foreign—language references

are believed to be summarized in the attached English abstracts and/or in the figures,

although applicants do not necessarily vouch for the accuracy of the translation.

I:I Examiner’s attention is drawn to the following related applications:

Serial No. filed (Attorney Ref. No. )

Serial No. filed (Attorney Ref. No. )

I:I Other:

Submission of the 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 of any reference without the benefit of hindsight, nor should an inference be

1
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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 1.97(b): No fee is believed due in connection with this submission, because the information disclosure statement
submitted herewith is satisfied by one of the following conditions (“X" indicates satisfaction):

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

D 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

E] Before the mailing of a first Office action after the filing of a request for continued examination under37 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 l.97(h)), but before the mailing date ofone ofthe 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 lnformation Disclosure Statement is accompanied by:

D A Certification (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

B Please charge Deposit Account 19-1970 in the amount of $180.00 for the fee set forth in 37 C.F.R. l.l7(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 after the period specified in 37 CFR l.97(c).

El This information Disclosure Statement includes a Certification (below) as specified by 37 C.F.R. 1.97(e)AND

El Applicants hereby requests consideration of the reference(s) disclosed herein. Please charge Deposit Account
19-1970 in the amount of $180.00 under 37 C.F.R. 1.17(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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Date:

Certification (37 C.F.R. 1.97(e))
(Applicable only if checked)

The undersigned certifies that:

D 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)(l).

E] 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. 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.

W.» —~

By: wwe" M, .42» M’

.«»«Ja§.on H. Vick’
Registration No. 45,285

1560 Broadway, Suite 1200

Denver, Colorado 80202-5141

(303) 863-9700'?/ /'7¢r‘/’
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Substitute for form 1449A/PTO Cgmp[ete Known

Application Number 11/860,080

INFORMATION DISCLOSURE Septembc1_24’2007
STATEMENT B”T’T"—'°A”T

Examiner Name ot yet assigned
T ttorney Docket Number 5550-47-CON-DIV

U.S. PATENT DOCUMENTS

Examiner Cite Document Number _ Publication Date Name of Patentee of Pages. Columns, Lines, Where
Initials” No.‘ Number-kind Code “’"‘”"W"’ MM—DD-YYYY Applicant of Cited Document Relevant Passages or RelevantFiures A ear

Z6519292 02/11/03 sakoda et at E
j6519929 92/19/03 Ahrendt T
-12/783725 —Tzannes 05-20-2010 —

FOREIGN PATENT DOCUMENTS

Foreign Patent Document

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

Relevant Figures
Appear

OTHER ART (Including Author, Title, Date, Pertinent Pages, etc.)
Examiner Cite
lnitiaIs* No.‘

4 Notice of Allowance for U.S. Patent Application No. 12/255,713, mailed May 18, 2010 (Attorney's
File No. 5550—47—CON—3)

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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Electronic Acknowledgement Receipt

7852239

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-DIV

Filing Date: 24-SEP-2007

Time Stamp: 10:54:19

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.)

331763

383 la8lJ9eL48Z6821 L73BlJ4S6A02il 6lJa73
lJ7a85
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Multipart Description/PDF files in .zip description

Information Disclosure Statement (IDS) Filed (SB/08)
Warnings:

Information:

5550-47-CON-3_NOA_5-18-10.NPL D t
ocumen 5 pdf ee99c4b0dI43:(Z58aIa401185159623090

621eb

Information:

Total Files Size (in bytes) 1213530

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
Ifa 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
Ifa 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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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Group Art Unit: 2611

Confirmation No.: 5967

In Re the Application of:

Marcos C. Tzannes

Serial No.: 11/860,080

Filed: September 24, 2007

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

Entitled: “System and Method for Scrambling the

Examiner: Not yet assigned

STATEMENT

Phase of the Carriers in a Multicarrier

\/\./\/\J\/\/'&/\J\1\/
Electronically Submitted

Communications System”

Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

The references cited on attached Form PTO—l449 are being called to the attention

of the Examiner.

K4 Copies of the cited non—patent and/or foreign references are enclosed herewith.

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

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

accordance with 37 C.F.R. § 1.98(a).

I:I Copies of the cited references 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. filed ,

which is relied upon for an earlier filing date under 35 U.S.C. § 120.

E] To the best of applicants’ belief, the pertinence of the 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.

IX] Examiner’s attention is drawn to the following related applications:

Serial No. 12/783725 filed 05-20-2010 (Attorney’s Ref. No. 5550-47—CON-4)

D Other:

INFORMATION DISCLOSURE

Submission of the 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

1
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pertinence of any reference Without the benefit of hindsight, nor should an inference be

drawn as to the peitinence 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 1.97(b): No fee is believed due in connection with this submission, because the information disclosure statement
submitted herewith is satisfied by one of the following conditions (“X” indicates satisfaction):

Within three months ofthe filing date of a national application other than a continued prosecution
application under 37 CFR 1.53(d), or

Within three months of the date of entry into the national stage of an international application as set
forth 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 after the filing of a request for continued examination under
37 CFR 1114.

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 l.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 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:

El A Certification (below) as specified by 37 CFR. l.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

B Please charge Deposit Account 19-1970 in the amount of $180.00 for the fee set forth in 37 C.F.R. l.l7(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 after the period specified in 37 CFR 1.97(c).

El This information Disclosure Statement includes a Certification (below) as specified by 37 C.F.R. 1.97(e)AND

I: Applicants hereby requests consideration of the reference(s) disclosed herein. Please charge Deposit Account
19-1970 in the amount of $1 80.00 under 37 C.F.R. l .17(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)

The undersigned certifies that:

Cl 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.
1.97(e)(l).

|:] A copy of the communication from the foreign patent office is enclosed.

OR

D 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(e) more than three months
prior to the tiling of this statement. 37 C.F.R. 1.97(e)(2).

Respectfully submitted,

SHERIDAN ROSS P.C.

By: —-./7"""’ “T
Jason H. Vick

Registration No. 45,285

1560 Broadway, Suite 1200

Denver, Colorado 80202-5141

(303) 863-9700
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Substitute f0f form 1449A/PTO Con-’p[ete Known

‘ pplication Number 11/860,080

INFORMATION DISCLOSURE F”ingDate Septelnbmzoo,
STATEMENT BY APPLICANT ,,,5,,,a,,,e,, ,,,e,,,,, C,

‘ rt Unit 2611

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

U.S. PATENT DOCUMENTS

Examiner Cite Document Number _ Publication Date Name of Patentee of Pages, Columns, Lines, Where
initials‘ No.“ Number-kind Code 2““"""”"’ MM-DD-YYYY Applicant of Cited Document Relevant Passages or RelevantFlures A ear

j4069392 01/17/78 Goldenber et at —
_6967997 11/22/05 —

FOREIGN PATENT DOCUMENTS

Foreign Patent Document Publication Name of Patentee or Pages, Columns,
Date ‘ pplicant of Cited Document Lines, Where

Country Code”; Number‘; Kind MM-DD-YYYY Relevant
Code5 (if known) Passages or

Relevant Figures
Appear

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

3 Official Action for U.S. Patent Application No. 12/255,713, mailed October 15, 2009 (Attorney's
File No. 5550-47-CON—3)

Examiner Date
Signature Considered

*EXAM|NER: initial if reference is considered, whether or not citation is in conformance and not considered. Include Copy ofthis
form with next communication to applicant.
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Electronic Acknowledgement Receipt

6827858

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-DIV

Filing Date: 24-SEP-2007

Time Stamp: 13:48:43

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.)

329361

L734a97I'0801Zl1829L3 3adJ8ielLa3I'154S0
iii
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Multipart Description/PDF files in .zip description

Information Disclosure Statement (IDS) Filed (SB/08)
Warnings:

Information:

573466
5550-47-CON-3_OA_10-15-09.NPL D t

ocumen 5 pdf dc8a44f661c43463a4823ee9ea3538767aa

Information:

Total Files Size (in bytes) 902827

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
Ifa 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
Ifa 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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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Group Art Unit: 261 1

Confirmation No.: 5 967

In Re the Application of:

Marcos C. Tzannes

Serial No.: 11/860,080

Filed: September 24, 2007

Atty. File No.: 5550-47-CON~DIV

Entitled: “System and Method for Scrambling the

Examiner: Not yet assigned

INFORMATION DISCLOSURE

STATEMENT

Phase of the Carriers in a Multicarrier Electronically Submitted

\_xg/xyx./\./xaxyx/\/\a
Communications System”

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 223 13-1450

Dear Sir:

The references cited on attached Form PTO—l449 are being called to the attention

of the Examiner.

E Copies of the cited non-patent and/or foreign references are enclosed herewith.

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

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

accordance with 37 C.F.R. §i l.98(a).

D 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.

El To the best of applicants’ belief the pertinence of the 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.

I:] EXaminer’s attention is drawn to the following related applications:

Serial No. filed (Attorney’s Ref. No. )

Serial No. filed (Attorney’s Ref. No. )

El Other:

Submission of the above information is not intended as an admission that any item

is eitable under the statutes or rules to support a rejection, that any item disclosed

1
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represents analogous art, or that those skilled in the art would refer to or recognize the

pertinence of any 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 1.97(b): No fee is believed due in connection with this submission, because the information disclosure statement
submitted herewith is satisfied by 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 set
forth 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 after 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 after all the above conditions (37
CFR 1.97(b)), but before the mailing date of one ofthe following conditions:

(1) a final action under 37 CFR. 1.113 or
(2) anotice ofallowance 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:

|:] A Certification (below) as specified by 37 C.F.R. 1.97(e). Although no fee is believed due, ifany 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 $1 8000 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 to Deposit
Account 19-1970.

37 CFR 1.97(d): This Information Disclosure Statement is being submitted after the period specified in 37 CFR l.97(c).

E] This information Disclosure Statement includes a Certification (below) as specified by 37 C.F.R. l.97(e)AND

El Applicants hereby requests consideration of the referenee(s) disclosed herein. Please charge Deposit Account
19-1970 in the amount of $180.00 under 37 CFR. 1.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 app1icant(s) cannot execute a
certification.
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Certification (37 C.F.R. 1.97(e))

(Applicable only if checked)

The undersigned certifies that:

Cl 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).

[:1 A copy of the communication from the foreign patent office is enclosed.

OR

[3 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. 1.5 6(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.

By: /.//4/Z/”//
//Jas°c’Ti/H. Vick

/’/r Registration No. 45285
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 of: ) Group Art Unit: 2611

)

Tzannes ) Confirmation No.: 5967

)

Serial No.: 11/860,080 ) Examiner: Not yet assigned

)

Filed: 09-24-2007 ) INFORMATION DISCLOSURE STATEMENT

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

SCRAMBLING THE PHASE OF

THE CARRIERS IN A

MULTICARRIER

)

)

)

For: SYSTEM AND METHOD FOR )

)

)

)

COMMUNICATIONS SYSTEM )

Mail Stop Amendment
Commissioner for Patents

P. O. Box 1 45 0

Alexandria, VA 22313 -1450

Dear Sir:

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

Examiner.

3 Copies of the cited non-patent and/or foreign references are enclosed herewith.

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

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

accordance with 37 C.F.R. § l.98(a).

U 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.

E To the best ofapplicants’ beliefi 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 applications,:

Serial No. 12/255713 filed 10—22—2008 (Attorney’s Ref. No. 5550—47—CON—3)

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 of any 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 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):

Cl Within three months of the filing date of a national application other than 21 continued prosecution
application under 37 CFR 1.53(d), or

1:1 Within three months of the date of entry into the national stage of an international application as set
forth in 37 CFR 1.491 or

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

3 Before the mailing of a first Office action after the filing of a request for continued examination under
37 CFR 1114.

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 l.97(e): The information disclosure statement transmitted herewith is being filed after all the above conditions (37
CFR l.97(b)), but before the mailing date of one of the following conditions:

(1) a final action under 37 CFR. 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:

El A Certification (below) as specified by 37 CFR, 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

El Please charge Deposit Account 19-1970 in the amount of S1 80.00 for the fee set forth in 37 CFR. 1.17(p)
for submission of an information disclosure statement. Please credit any overpayment or charge any underpayment to
Deposit Account 19-1970.

37 CFR 1.‘)7(d): This Information Disclosure Statement is being submitted after the period specified in 37 CFR l.97(c).

El This information Disclosure Statement includes a Certification (below) as specified by 37 C.F.R. 1.97(e)AND

El Applicants hereby requests consideration of the reference(s) disclosed herein. Please charge Deposit

Account 19-1970 in the amount of$180.00 under 37 C.F.R. 1.17(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)

I3 The undersigned certifies that:

B 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. 1.97(e)(1).

D A copy of the communication from the foreign patent office is enclosed.

OR

D 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.

V ‘\7)

. /H’/ , ,,/. v 3,, W

, /.}efi>n 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[e1-9 if Known

Application Number 11/860,080

INFORMATION DISCLOSURE ,,,,,g,,a,e ,,9_24_2,,,,,
STATEMENT BY APPLICANT F,,s,,,a,,,e, ,,,,e,,,0,

Art Unit 261 1

A‘*°'“eV°°°“e*““'“be' 555°“-C0N'D” "

U.S. PATENT DOCUMENTS

Examiner Cite Document Number ‘ Publication Date Name of Patentee of Pages, Columns, Lines, Where
|nitials* No.1 Number—kind Code 2""‘"°”'"’ MM-DD-YYYY Applicant of Cited Document Relevant Passages or RelevantFiures A ear

Z12/255713 TTzannes (10-22-2008 E

FOREIGN PATENT DOCUMENTS

Foreign Patent Document

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

Relevant Figures
Appear

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

Examiner
lnitials*

Decision of Refusal (including translation) for Japanese PatentApp|ication No. 2001-537217,
date of dispatch, November 4, 2008 (Attorney's Ref. No. 5550—47—PJP)

Examiner Date
Signature Considered

*EXAMlNER: Initial if reference is considered, whether or not citation is in conformance and not considered. Include copy ofthis
form with next communication to applicant.
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Electronic Acknowledgement Receipt
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International Application Number:
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Multipart Description/PDF files in .zip description

Information Disclosure Statement Letter  
Information Disclosure Statement (IDS) Filed (SB/08)

Warnings:

Information:

137000

NPL Documents 5550-47-PJP_OA_1I-4-08.pdf 46139ab0Zab5c03raf5c5b33b9a'|8e570el
7f'|4l

Information:

Total Files Size (in bytes) 463906

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
Ifa 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
Ifa 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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DOC Code ZIDS PTO/SB/08a (09-08). . . . . A df th h 10/31/2008. OMB 0651-0031

Doc description: Information Disclosure Statement (IDS) Filed U_S_ Patent and Tragzmfk O‘:E::.eU_Sr‘_’L[')5’EPARTMENT OF COMMERCE
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.

Application Number 11860080

Filing Date 2007-09-24
INFORMATION DISCLOSURE First Named Inventor Tzannes

STATEMENT BY APPLICANT

( Not for submission under 37 CFR 1.99) Art Unit |2511
Examiner Name Not yet assigned

Attorney Docket Number 5550-47-CON-DIV

U.S.PATENTS

Pages,Co|umns,Lines where
Relevant Passages or Relevant
Figures Appear

Examiner Cite Patent Number ' Issue Date Name of Patentee or Applicantof cited Document

If you wish to add additional U.S. Patent citation information please click the Add button.

U.S.PATENT APPLICATION PUBLICATIONS

Pages,Co|umns,Lines where
Relevant Passages or Relevant
Figures Appear

Examiner Cite Publication Number Kind Publication Name of Patentee or Applicant' ' Codei Date of cited Document

If you wish to add additional U.S. Published Application citation information please click the Add button.

FOREIGN PATENT DOCUMENTS -

Name of Patentee or Pages,Columns,Lines
Examiner Cite Foreign Document Publication where Relevant

Date Applicant of cited Passages or RelevantDocument .
Figures Appear

If you wish to add additional Foreign Patent Document citation information please click the Add button

NON-PATENT LITERATURE DOCUMENTS -

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
E’.“'?'"”‘e’ Cite (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s),

publisher, city and/or country where published.
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Application Number 11860080

Filing Date 2007-09-24
INFORMATION DISCLOSURE First Named Inventor Tzannes

STATEMENT BY APPLICANT An Unit
( Not for submission under 37 CFR 1.99)

Examiner Name Not yet assigned

Attorney Docket Number | 5550-4‘/—CON-DIV

Notice of Allowance for U.S. Patent Application No. 11/863,581, mailed October 8, 2008 (Attorney's File No. 5550-47-
CON-2)

If you wish to add additional non—patent literature document citation information please click the Add button

EXAMINER SIGNATURE

Examiner Signature Date Considered

*EXAM|NER: initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two—|etter code (WIPO
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here i'
English language translation is attached.
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Application Number 11860080

Filing Date 2007-09-24
INFORMATION DISCLOSURE First Named Inventor Tzannes

STATEMENT BY APPLICANT( Not for submission under 37 CFR 1.99)
Examiner Name Not yet assigned

Attorney Docket Number |5550-47-CON-DIV

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate se|ection(s):

That each item of information contained in the 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 the
information disclosure statement. See 37 CFR 1.97(e)(1).

That no item of information contained in the information disclosure statement was cited in a communication from a

foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to
any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)( ).

See attached certification statement.

Fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

None

SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature lJason H. Vicki Date (YYYY-MM-DD) 2008-10-17

Name/Print Jason H. Vick Registration Number 45285

This collection of information is required by 37 CFR 1.97 and 1.98. 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 1 hour 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 andlor 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.
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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 the Freedom of Information Act requires disclosure of these record s.

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 inspections or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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A U.S. Patent Number Citation ora U.S. Publication Number Citation is required in the Information Disclosure Statement (IDS) form for
autoloading of data into USPTO systems. You may remove the form to add the required data in order to correct the Informational Message if
you are citing U.S. References. Ifyou chose not to include U.S. References, the image ofthe form will be processed and be made available
within the Image File Wrapper (IFW) system. However, no data will be extracted from this form. Any additional data such as Foreign Patent
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Information:

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.

NPL Documents

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 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
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 ) Confirmation No.: 5967

)

Serial No.: 11/860,080 ) Examiner: Not yet assigned

)

Filed: 09-24-2007 ) INFORMATION DISCLOSURE STATEMENT

Atty. File No.: 5 5 5 0-47-CON—DIV Electronically Submitted

For: SYSTEM AND METHOD FOR

SCRAMBLING THE PHASE OF

THE CARRIERS IN A

MULTICARRIER

COMMUNICATIONS SYSTEM

\4gzxa\./\.1x/g/~../
Mail Stop Amendment
Commissioner for Patents

P.O. 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.

El Copies of the cited non-patent and/or foreign references are enclosed herewith.

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

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

accordance with 37 C.F.R. § 1.98(a).

D 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.

I3 To the best ofapplicants’ beliefi 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-pending applications,:

Serial No. 11/863581 filed 09-28-2007

El 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 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):

El Within three months of the filing date of a national application other than a continued prosecution
application under 37 CFR 1.53(d), or

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

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

Cl Before the mailing of a first Office action after the filing of a request for continued examination under
37 CFR L1 14.

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 l.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 lnformation Disclosure Statement is accompanied by:

El 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 Please charge Deposit Account 19-I970 in the amount of $180.00 for the fee set forth in 37 CFR. l.l7(p)
for submission of an information disclosure statement. Please credit any overpayment or charge any underpayment to
Deposit Account 19-1970.

37 CFR l.97(d): This Information Disclosure Statement is being submitted after the period specified in 37 CFR l.97(c).

El This information Disclosure Statement includes a Certification (below) as specified by 37 CFR. l.97(e)AND

El 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.l<‘.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)

I3 The undersigned certifies that:

B Each item of infonnation 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(c)(l).

D 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. 1.97(e)(2).

Respectfully submitted,

SHERIDAN ROSS P.C.

0 son H. Vick

Registration No. 45285

1560 Broadway, Suite 1200

Denver, Colorado 80202-5141

(303) 863-9700



Page 280 of 391

Substitute for form 1449A/PTO C0mp]ete if Known

Application Number 11/860,080

INFORMATION DISCLOSURE 09_24_2007
STATEMENT BY APPLICANT mm

26“
Examiner Name or yet assigned
- ttorney Docket Number 5550-47-CON-DIV

U.S. PATENT DOCUMENTS

Examiner Cite Document Number _ Publication Date Name of Patentee of Pages, Columns, Lines, Where
lnitiaIs* No.‘ Number—kind Code 2"”‘""”’”’ MM-DD-YYYY Applicant of Cited Document Relevant Passages or RelevantFi ures A ear

1 5,682,376 10/28/97 Ha ashino etal. —

FOREIGN PATENT DOCUMENTS

Foreign Patent Document

Country Codea; Number‘; Kind
Code5 (if known) Passages or

Relevant Figures
A ear

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.‘

4 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)

5 Official Action for U.S. PatentApplicatlon No. 11/863,581, mailed February 6, 2008
(Attorney's File No. 5550—47—CON-2)

Examiner Date
Signature Considered

*EXAM|NER: Initial if reference is considered, whether or not citation is in conformance and not considered. Include copy ofthis
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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JP,10-084329,A [CLAIMS]

>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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JP,10-084329,A [CLAIMS] 2/2 «\‘’—~)

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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JP,10-084329,A [DETAILED DESCRIPTION]

* 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
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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

http ://www4.ipd1.inpit. go .jp/cgi-bin/tra11_wcb_cgi_ejjc ?atw_u=http%3A%2F%2FwWw4. . . 08/03/06



Page 289 of 391

JP,10-084329,A [DETAILED DESCRIPTION]

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.

COPYRIGHT: (C)1996,JPO



Page 300 of 391

'4a1=%‘4=r? (JP) (12) 9}, E5 4% E4: 2} $E (A) (11)4%*r§‘FUJE’AFrfi%’%

5F%|“|3135|I-8—321820
(43){L>.‘F%5|E| 5Flf‘I.85l3(1996)]ZFJ 3 El

(mflmflfi #wm% fiW§fl$% FT Hfifififim

H04J umo H04J nmo

1/00 1/00

§E§§$K Eéflélfimfilz OL (43 14 E)

(21)tH5fi%&%% ¥§fiHiZ7——325990 000005821

mT%%E¥%fi%H
@mmmE Zm7Eu%mmHM kWHfiEmk$HEm%$fl

HE mm

8D§%%$E§% %Hfi&%w%0 kWwWE$fi$WEm%§fl mT%%

6mE%E 76U%®RH%E E¥%fi%&W

ewfififiififl B$(JP) $fi %%%

$D§%$$%§% %fi$T$W% fifififififixififiwmfifl mT%$

@mfi%E fi7u%m3HmH E¥%fi%&W

Qwfififiififl B$(JP) EB $%

kMfifiE$fi$WEww$fl mr%%

E¥%fi%&W

fimi mfim Ea

%%EKfi<

G©[%%®%fl] E§%fi&fi%%EE%®fiEfiEmBUK%®fiE§E$;U§E§E

$n[¥%]

[#5] OFDM%%E%%?é%K‘7W?NX%

K;oT§9yfi»®Efi&mL@f—5mfiK$Dé

fi%§a&%%mK%$¢§:&fi§%.

{flR$&] E%£%tsmT‘E$%H%13m
mEfi%fiE%fia.%®E@5nk%fiH5—y%fi

Lm9%®&fifl§>VAK£mLTmé§$&%%fi

&>5:?Ei%%%'9“Z>. 3E7——U :I:£&%§1 51:. izfiifififi

%13®mhKfiLTfi7—U1%&&mL.fififim

LT%$§hk?4§5wE%é‘fiEfl:®OFDM

E%K%fiTéofi~F5fAfiX%16fl.OFDM

%%®fi>>fiw®W%Kfififi—F§%A&.fifit

%%fi~F5fAEHmTéaW%fi~F5fAKmfi

m?av>fiw®&fi%tWDF—5fl§w5h\%%

fi—F74AKufifi?%vyfi»®fifi%tfiU?—

aflfiwéné.W%fi—F9¢A£;U&%fi~F9

4A#HmEflkOFDM%%fl\7TU7%%K%&

émkfi‘§EMKE%3n6.§%wTiEMtfi®

%flEfi5:tK;D\fiEfiEK&é££fl%£éfl
a.



Page 301 of 391

tfifififimfiml

Ifififill fifiEkufifi®E%%EfiL.%EW

#B§%MKfibT.WEE®&>fiwfiEEfi%fifi

fi%§EE%EEfi?éfiETfioT‘

%fifiWLT§wKE§TéE&®¥vU7®fim&fi

fit&%fi?éWfifi§%E%fiE>>fiwfiKfi7—

UIfi&T%:&K;D.fififiiwfifififififififi

%2$E%K§&T6%1®X?v7b

fiEE§Efififi%%§E%®%7VfiwCfib.%®

W%E%®%fi%&fiD?~5EfiUW%fi~F54A M

&HmTé&t%m.%®%flK%®fififl&fiU$—

5EfiU&%fi—F94AEHmLT.fiE%EMKi

%?5%2®x?v7&&fiz5‘E§%fi&fi%%

%%®EEfi&°

Lfififizl mEmE&E%E%fi:‘§$E$&E

%fi&%fifi%mkfE$%fiT6%8®Z?v7é3

Bkfiz.

fiE%1®Xfv7m.Wfi%3®X?v7Tfi5hk

§§%§%%E\WE£fi%%&fi%£$E%t§fiT

5‘%$E1K%fi®fl§E&&fi%%§E%®Efifi m

E.

Ifififisl fifi%3®2?v7m.mEm%fi§%

%%fi®%vyfi»K9mT.%®—E9yfiwficfi

ififibkfifié.Wfi§$E$&E%fi&LT§mE

$fi&EfiE%fiK§$%fi?é~fififiztflfiwfi

§%fi&fi%%§%%®Bfifi%°

{%mE4] $®fi®Bhk%$N5—>%fiL\fl

D%%%®fimfi§y7AK§mLTméfi$&%%fi

Ev>fiwfiK%$?é%4®Xfv7EéEtfii‘

fifi%3®X?v7M.WfiWEfi§%%%fi®§&> w

fiwtomf,%fifi4®Xfv7TfiBfltfi$&E

%fiE.Wfi§$E$&E%fi&LTEfiL\

fififilmxfvffi.fifimfififiamxfvffifi

5fik§$¥§%%EfifiEEfifi&fi%§E%%K%

fit‘ifl%tmfi§$E$&%%#&m%EEH&&

fl%%EE%KE&?5.fififiznfifimfiiflfifi

fi%%§%%®Efifi%a

Ifififisl WiE®v>fi»§KfiEfiEwm5%

%$hT$t%fifi§fifififi%%§%%é.%fi%%

fi§fiE%fiK%E?5QEWfifi§%E%fiK£&? w

5%5®X?v7b

fifi¥5®Xfv7T%Bht§%%%fiE.WEWE

$E$fiE%fiKiD.fifi&WiTE$%§?6%6

wX?v7&Efii6.%$E2Kfi§®£§Efififi
%£§%%®fififE°

Kfifififil fifiEk@fifi®Efi%EfiL‘%EW

K.WEE®9>fi»fiKEEEW&fi%%E%%EE

%?5§ETfi3T»

E$E$§%%fiEfi%T6%EU$&&.

%fi&mLTEwKE§Té§&®$vU7®Mfi&E

%%#8—321820
2

ma&&$¢amfim£a%%fi¢.max%u$&m

E%énk%%§$§$fi%%fi&éfififimtvfii

fifib.fi%wfi&§fi%%fiémh?6E$%%$&
b

m%@$%E¥&@%mhéméE%mE&§%%%fi

Kflbf.%vyfiwfiKfi7—U1fi§EW?:tK

:0.%§%%wfi&§fi%%fi&.fi%%:mfi%E

fiHfi&fi%@EE%t£&?§E7—U:fi&%&
L

WfiE7~UI§&$%@EEhéméWfiE§Efi&

3%; %%®fiv>fi»KfiL.%@fiflK%®%fi

%&fiU?—5E§Ufi%fi—F54AEHm?%&&

%K.%®%%K%®%%%&fiU?—§%fiU&%fi

—F94A&Hm?6fi—F&4AHm$&&.

fiEm%fi—F5fA3;Ufifi%flfi—F§fA®H

mémk%%fi§Ewfifi%§‘fi%&.§vyfiwfi

Kfifiéfimtfifiiéfifiifikéfizé.Efififi

fifi%%§%%®%%§Ea

{%fi£7] Wfix%U$&m.Wfi@$%%$&®

#fiv>fiw%®E$%§%%E.%fi§$§%&E%

fikbffifiié.%fiE6nfifi®E§%fi&fi%§

E%%®§%§%.

Ifiifisl mfixEU$&u.$w$®5hk§$

#%%fiE‘mfig$E$fi%%fi&LTfi%L\

mm§$mfi$&u.%mm%m§m%%#¢.max

%U$EK%%Eht%fig$§$%%%fi&&fifi&

mLTE$%§LTwfiL\

m$fi7—U1%&$&u.%%m&>fiwfiK%fifi

i%§¥&m5whémk@i¥%%%EmEE§E&

&fi%%E%%t§fiL.fiflWtfifix£U¥&#5

wt3ht%%§$§$fiE%fi&%%E§Efi§fi%

% E%t£&?a.%fiE6Kfifi®E§Efi§fi%

é E%®%E%E.

{%fi£9} fi%x%U$&u.fi%§$§$&%%
fikLT%M%%%%&%5?&fiMM%%%%$$%

®HtERfiLTm5:a&%w&?5.fififistfi

fi®E§%fi&fifl%:%%®%%§Ea

Ifiifilol m%x%u$&m\mag$§$§%

%fitLTfi&fi%fl%%&%i¢éfifi%fifl%%%

.3%®mt&fifiLTm5:a&%%&?a.fififi

8tfi§@EfiEfi&fi%$i%%®E%%E°

{%fiE11] fifiikmfifi®Efi%&fiL.fi%

wmEfifiE®vyfi»fiK§%émT<afififififi
fi%z$fi%&§fi?5%ETEoT.

fifimL®fi%E§E&&fi%%E%%tfiLT.vy

fi»an7~u:2&E§2m?:an;o\flag?

%&fifi%%E%%&\Emfimtmfifimfififififi

%fitfim?67~u1fi&T&t.

fifi7—UI§&¥&flB—E&>fi»§KHflémt
M %%m%fiE%%%fi&‘%E§$§$&%%fi&LT

——2o2——



Page 302 of 391

E%?éfiEU$%&\

fifi7—U1%&$%m5mfiémk§Ewifi%%%

%fi&.%fix%U$&tfi%3nt§E§$fi$fi%

%fiK;n.H&§m:fiE$%%?5@$%%$&&

éfik5.Efi%&#fi%% %%m§E%E.

[%fiE12] fifiitm#fi®fifi%&fiL.fiE

mm5%EmKfiLT.Wifiwvyfiwfitfiififi

&fi%%Efi%%R%?§fi&TEoT.

fi&&mLTamKE§?5E&m$vU7®mm&fi

fit&m$?5kw®mEfi£%E%#Evyfiwfit

$m?§%1®x%y7a
?®Ew5ht%EN5—>EfiL.m3fiE%®&fi

m5>FAn%mLTm5E$&%%fi&%¢?5%2

wxfvfb

%%wfifi§%E%fi&WfiE$&E%fi&évyfi»
fitfiwfimhvfiifififiézgtxv‘fifiwfifi

%%fi%fim%E%®fimE§>iAm?5%3mx%

97b

fifimWfi%3®x?v7?%E%®fififl3>fiAm

3mkmfi&§WE%#Ev>fiw&mfi7—uzfifi

LTfiEmL®fiEE§fifi&fi%§§E%E£&L.

immKm%@$&%%#Efi7—Uzfiflbffififi

§E&&fi%£§%%K§&L.%n%n&fiE§%M

EE%?é%4®Xfv7kEfiX5‘Eiflfififlfi

§§%%®E%fi&°

Kfiwwfiflmfiwl

wool}

[%%®E?é&fififi}$%wu.fifififififiag

E (Orthogonal FrequencyDiv

ision Mu1tip1exing;HT.OFD

Mam?)fi%fiEtfib‘;D%fimKm.Efiik

flfifiwfififiéfit‘EEM&§EW&®ET‘Wfi

Emvyfiwa%%9yfiwfiKEE$fltW$E®fi

—F54A&&€UEfi%fififi%§§EHE‘M17

—5EEE?éfiEKfiT5a

m0021

{%%®fiW}fifl®r&<.oFDMEfififim.H

%mLk?—5&fi%LT.fifiuimwfificfiofi

W‘Zflé%§bTfifi?&fifiT§énfi$‘@E¢

WH¥4v9»%fiw%%,m:f+w9w%uEm%

fitsmf.0FDM%%&fimtfi%fi%fi$hTu

6.EEE5fl.OFDME%m.§§®?—&®Efi

EfiflW%T\fifi%fi%fiLT%fi%Wt;6%fi%

mfi¢m<.%wE%&%fl§>iA%%mfim%&m

6®T.M®fi~EXKE%%%E5iE<m%®%E

%7§L'CLsE>7D1 '5'G2§5»E>o

[0003]:m;5mOFDM%%&mmtE%fifi

fl»1993$10fi1UHH%fi®NlKKE1 E

LECTRONICS BooKsF?—5Efi&?4

yawfifij®%207~222HK£mT.flm%,

%fi#8—321820
4

fi%%fifi%%®§fl—K;O%mmtFfifiuxmw

E&EE5OFDM?4V5wfiE@fifi§%Kfifl

K%%éhTM%o

[0 0 0 4] IE 1 3biJ:§E5‘E??)'{%H:B5I»T<?_<?h7:?E5E0>

OFDME%®E%%E®fimE%?7nvbE%ET

EU.E1AflE13w%E%E#BfiEéfl%OFD

ME%®%fiE%?ETE6aE13KEMT.E%§

§5u.amw%m$52a.§7—u:£&%53

&‘fiEW§M%54&\D/A%M$55&.U~N

X7#w556tEfiié.t£»E14E£hT.

(a) liOFDM1‘E3.‘v“7'0DrE}?i‘»i&>£v':i<1/. (b) b;tOFD

M%%®E%W&%L,(c)m0FDME%m%fiw

&%L,(d)u%W%W&%Lrnbo

[0005]fi%§§5®E%fl§&%52Ku,Afi

v7fiwflflfi%EhTméolfi&>fiwWfi\?4

v5wEfi5htfifi?~&T$D‘1&Evyfiw¢

Km@fiwf—5EflfiEnTm5um$.?4§9w

Eifiijiifikbfli. QPSK (quad r i ph 51 s e

phase shi ft keying) Eéfifix 1

6QAM (quadrature amplitude

mo du 1 a t ion) %7N313FFIé’Ih%>o —IEflI£fi71J§€lf«%

%§5 2&1 Air‘/I/d?J1«§IJ%. 1~‘/‘/IKJI/4fii:. [E31257]

fi&LT‘iUfifiEE§®&7fi»flE?%°ZZT

mmwgm‘m7~u:%mE%53v&m?5@&m

w%fi(mHKMmflfi§Lrm5)®&(&+~&

¥\ttZfi512)&fiUKE5°Z®;5m&¢E

:0.EWWEfi%52u.E7—UIEmE%53T

Efi?&fi&®$%&®%h%h®fifi3;UmmER

iT5t@®m%fi%%E%fiEwfi?§°

[0006]fi7—U1§&fl%53u.mEfi§fi%

%fiE.1v>fiw§t‘E&fimiKms%w%fit

%U%T(ZhKioT\1V7fiflfi®?~5flEW
&mLT%Eémk%%tm%).:hBKfiLT—%

%nfi7—UI£&&m?:tK:D\fififitméi

%%(:®%@Tu,fifl®¥4v5»%%T$é)K

fiflté.

{0007]fiEfl£fi%54u.fiEWL®%E%%

&fiEfl£mT5:&K;D.%fi%moFDM%%&

ifliéoD/A%&E%55m.%fi%moFDME

%E\7fDfi®OFDM&~XN7FE%KE&?

5°D—NX71w556M.IfU79>7t$éf

v*wE¥%fl$Umu;5K?5t®.oFDMN—

xNyF%%t%fifimE#Héo

[0008]:Ew;5m—E®fiw®%%.fiE%E

5m.¢fi%nfiL.m14K%?;5mfi—B9%A

Gm&?7fiWSm&EfiUOFDM%%EHfl?éo

EfiLmm§%§%m\Efi%EfiLT%%LtOFD

M%%KfiLTEfi§E5&fim¢%m@Efim,Ah

V>fi»W&WUHfi9>fiwWE}$?E.

W009}

——2o3——



Page 303 of 391

5

{%%flfimL;5:¢éaE}&:5?.E%%Lf
fl,Mb@§7W?NZfl%$?5oZ®E®‘§%§

Emvu.fi%§Em5fiEémT%toFDM%%@

EE&&.Efifimafifififibkfififitéanor

§%Té.&>fiNSmEWK&6&\EEfi(E]4

(a)5%)t?w?NxKi6§%fi(E14(m

£fi)fiEfiok%fi.%fifi(@14(c)§fi)®

&yfi»sm®%%%tEW&®fi—F54AGmam

¥$$amm$U.fi~F94AGm®fifi%KifiW

®&>fiwSw1&®:%flBmflEU5aimté.

¥%%BmM.fifi%W#BMfhTm6t®.97$

)1/Sm 0)7—U ::’%§§iEb:b;t%%7.a”_—B2Ci’E7:w>, L/7131/7;:

fl5\¥%%amu.%W§WWn¢U.m3fi—F9

4AGm®?—5fififiFOJTfi5t®.7—UI§

&%®fi&y$wsm®fi&&mL®%—5&fiK&%
E$E§U6&m5%1®@%fifi%sto

[0010]ik.Efi%®§E%fi%\fiEM®D/

A§&%$;U&%@®A/D§&%®7Uv7m—fi

Lrmmmzamflfibrfiyiu>7®5¢s>fit

fm#$D%%mm$mB.ifififimafifififitfl

%?éiT®fit,oFDM%%n%fiE@fl%$?

5.:®kw.§%§%Tu.%mfiW&%mmLfi%

¥?6%Efi£6&m5%2@fi%fiE§ota

[0011]ik,EfiflE&%52m5$fi§n5$

fifififififififl‘%®flfiWfiEK£EoTm5Efi

@m<.%®&fim¢NTE—®%fiB&U65omz

fl.f4§5w%fimfiTu#%fi%&19>fiwflfi

éfizTfi%?§%fim.flk%4§5wfbEfi%T

m—e®M@E1vyfiwflEéfliTfiE?5%%
t.mEfiE%%%fi®mmfi?NTfi—tméoi

t‘fi%fi%&%%?5%%¢.%E®%@&fiE?é

%%KEwT%‘QPSKEfi%‘16QAM%®i5

mFxV5w£%fifiTu.&m@§m&%%fi®mfi

fiflfiaflfikw.Mfifi£fi%%fi@fifi#?NTfi

—KED@?m°

[0012]:®;5t.mEw§%%%fi®mm#?

NTH—K&ok%fi.l®%fiW£%%%fiEfi7*

UI£&?6t\fiEmLT§$E&®%fl—fiL.m

%%m%m#%@WLT—E%t%$i5t®.fifim

L@oFDME%®E%&%#4>Nw2%tmn.%

fi%¢fl$Dé°:®fi?%%15K%?°

[0o13]E15(a>m.fi§Kfi§?§n$m$

E&&%m?m£%?§nfi®wfi&§fiE%fi®@$
¥fiLT®mmfl?NTW~m%éEfiLTu&.E1

5(b)m.E15(a)®nmwm%fi£fi%%#T

Emémkn$®m%fiEfifi%:T§:Lt%%%%

LTM6.:®&5KMEW§%%%#®fififi?NT

W~®%%mu‘0FDME%m\4yNwxfi®fi%

%%Kmé.kE.E15(c)fl.mEKE§Tén

$®%%fi&%h%hE%?én@®m%m§%%%fi

%fi#8—321820
6

®E$EfiLT®fififl57FAm%fiEfiLTu&
ik.E15(d)m.®15(c)®nm®mE&E

%%%fiT£%3nkn$®mE&&%Em:T§EL

kfifiéfibruao:®;5K.mE&§fiE%fi®

mmfl¢&r£ma%amu.opnM%%u.%mm

Lnfiflwtflfiéfl.9>§Awmfi%E%KH%a

[0014]:E®¢5t.m§&§fi%%fi®mfifl

?NTW~Kmat%%\oFDME%fl4>Nwx%

EmD.§i%flflEfict%<a6k@.OFDME

%m.E§%%E¢E§%ufi$h§m%flEfi(%%

%cATVm£)%®$fi%E®%¥E%H%?<m5

&m6%3m%%fi%§ot.:m%%.0FDM%%

flf>NwZ%KmoTE.¥fi%#®%§E%Xkm

iam,%&%§fi%n%%@%%®F4%3ybu>

§ék§<?5:&%%XBfl6fl\Efifififififlfi

%fi%$fl%fiKE6&h5W®fifiW%E?5c

{0015}%h&K.$%%®EWfi.7w?NxK

;0E%&fl£%HK:mot%éT%.7—UI§fi

%®%9yfiw®%fi&mL®¥—5mfitfi%éa&

EUKMOFDME%®E%fEEBUK%®%E§E

£¢U§%%§%fi%?5:aT§é.$%w®m®fi
%m.é%wm5§Ewtfi%?5iT@mt.OFD

M%%K%EE@fi%$LT%»fiE%®fififiiT®

%§fifi%moFDM%%®mEfi&m5Ut%®EE

§fi3;U&%§§&%%?5:&T§é°$fiw®3

BK@®E%fi.fMK%&T.OFDM%%Kfi?é

#fi%#®%%&fimLkoFDM%%®Eifi&m5

Um%®fi%§fi3;U&%%E&%#?a:aT§
an

{001m

{fiEEfiRTék®®$&$;@%W®fl%]$%W

wfilwfififi‘fifiEkflfifi®%%%EfiL‘%E

Mmafifimtfibf.miéwvyfiwfimfiififi

&fi%§E%%Efifi?%fiEKWH5hT3D\fifi

fimLTEmKE§T5§&®$vU7®fifi&fifi&

&mE?%mEfi%%%%%&v>fi»fitm7—UI

£&?5:aK;D.%EmL®E§fifi§fi%§EE

%K£&?5%1®X?v7t.Efinfiflfifléfifi

%®%>>fiwKfiL\%®%flK%®&%fl&fiC?

~5E%flWfifi—F5fA&Hm?é&&BK‘%®

%%t%®fi%$&fiD?—§é§U%%fi—F9 A

Efimbf.§EMK%%?6%2®X?v7&&fii
TM&

{0017]:Ew;5m.%1mEfiTu.OFDM

%%@%vyfi»&fi%?6%K.%vyfi»®fi%$

;6&%t,%@vyfi»®~%&fiU¥w5&fiUW

%fi—F54A3;U%%fi—F54A&Hm?é;5

uLTm5®T.§%MTm.7~U:%&fit$Hé

fifi§fi§%%%®V>fi»Efim6%&fflT%.fi

M MNLKEXI9>$wEWW®?NT®?—9flfiE



Page 304 of 391

7

fi$f5:¢flT%6.%oT.fifimmefifimtfl

§?6iT®fiK,OFDME%KfiWEfifl¥$LT

%\fiE§E?>fi»EfiKE$K—fi$fiéfi§fim

<nU.fifi$®fiMmLT®%¥fl$%Km6oi

E.vw%Nxt;DE&&®a>fi»REaR%fi®

fi—F54Atfl$EoT%.&EMT7—UI§&%

®E&&mLKfim5§?—5fifi®fifi&m§$m

§“/ 3/fl§)I/Fe-'1'C"§‘Nf—1“§§7$ ‘B03 tfgb. L»7':7I7§-9 'C‘

%$flEfiflE(%§»m§%)K;oT.§EMT®

1yyfi»EE®%fi&m:®?~5mfi#5‘fign

%m5®&%EaE%£¢%:&fifi%&méa

[0018]:fi%1®EmK3mT,fiiLm%m%

firm‘%fifiE%%%fi&§$E$&%%fi&&%fi

fimtffifififib.:®§$%fi%%&0FDM%%

KE&LT.§EWKEE?5i5KLThéoit‘
QEMTM.EfiW#5Efi3hT%tOFDMfi%E

§fi%fifi§%E%fim§@L.zwfifiwfififififi

%fiE‘§$§$§E%#KiD‘%fi&mLTfi$%

Eiéifitbfmé.:flK&9T‘%EMt%EM

&®%TOFDME%KfimEEfl%$bTE‘fifim

T%EE@®%§®mmEfi?~5Efié:tMT§
5°

[0019]E8‘W%fi£fi%%fiK§$%%éhé
§$Ei&%%fi&LTu‘mEw%%%%#®§v>

fi»KDwT~%®—E&>fiw%K§$fifibt%%

EJmT%Emo

[0020]it‘$wfi®Bhk%%N9~>éfi

L.mD%%%®fififl5>fiAK£kLTmé§$&

E%fi&.§$§$&E%fi&LTmm1%EwotE

L.:®%fi.$%fl%3®X?v7TfiEhk@$%

§%%flOFDME%K£fiéfl\fiflwflfififififi

%%fim0FDME%tE&éma°:mt;oT.w

%&£%%%fi®%%%®mfi%$&mfl9>7AmE

nab.fi7—U1£&t;oTfi5hk0FDM%%

K%h®fifi$flfi$:é®EflMT%é°%9T.E

Efifi.§%£%$;UmEfi®i4+sy0v>9E

k%<?é%§mm<.fmn%mT.%§E%¢¢M

%fi%%®#fi%fifloFDM%%K5z5%§Efim

?§:a#T§éa

[0021]$%%®%2®%fim‘fifiitmfifim

fififléfib.§%mm.W%E@vyfiwfitfifi%

fi&fia§§%%&%%¢a§Ewmw5mrsn.g

$E$fiE%fiE%%T%X%U¥$&‘Hfifimifi

HmKfi§?é§&®%vU7®fifitfifitEmfi?

%m%&£fi%%#&\x%U¥$KE%Enk%$§

$&%%fi&&H&&m:?@$¥%L‘Efiwfififi

%E%#Emh?é§$%%$%&‘Eififiiawa

$flsmé%%mfiW£%%%fiK#LT.fivyfiw

§tfi7—U1EfiEm1:&K;U.%%fi%%ifi

£m%%fi&.%mm:ma§am&fia§:%%m%

%fi#8—321820
8

&¢6fi7—UI%&$E&.fi7—UI§&¥&fl6

mfién5E§Efi&fi%§EE%®§ayfi»Kfi

L.%®fi$K%®&fifl&fiD?—9&§Ufi%fi—

P5fAéHm?é::bm,%®&flK%®fififl&

WU¥—5E§U%%fi—F§¢A%Hm?5fi—F5

fAHM$&&\fi%fi—F5fA$$3&%fi—F5

%A®HMéhtEfi%fi&fi%§EE%E\évyfi

wfiK§fiMK%E?5%fi$&tEfiiTh5e

[0022]LE%2m%fit£mT.HiLm%m%

fifiu‘x£U$&m.@$§%$&®~Evyfi»fi

®§$%§%%&‘§$§$fi%%fi&LTfi%LTm
5.

[0023]L%%2®%fiK£mT\fl®fliLm%

fifififim,%%U$&fl.?bE®Ehk§$&%%

fié.E$§$&E%fi&LT%%?ao$k.@$%

%3%u.m%&E%fi%#&,xEU$&t%%éh

t§$fi$fiE%fi&&%&&%:fi§$¥§LTH

T60é5K.fi7—UI§&¥Em‘$fifi&yfiw

fiK@$%§¥&@%mhéhk@§%%%%&£§%

&&fi%§§E%t£&L.Eflmtx%U%E#5w

hémk§$fi$&%%#%E§H&&fi%5§E%t

Efité.

{0024]Lfi%2®%ficsmT.xEU¥&m.

§$E$fi%%fikLT‘fiM%%%%E%ET5%M

%§%%%$?&®$h&#fiLT%amL,fifififi

flfifiéfiiiéfi&fififi%%%i%&®ut&fifi
LT%Em.

[0025]$%¥®%3wEfim.fifiikmfifi®

fiE%EfiL.EEmm5WfiE®v>fi»fiufiEé
hT<éfi§%&§fi%§E%%%§%Té%EKWfi

BhT3D\%EmL®E§Hfi&fi%§E%%tfiL

T,vyfiwfiK7—U:£&E§Efi?:&t;0
%aE§fifi&fi%%E%%&.Hfifimtmfifimfi

&£%%%#tfi&?§7—U:£&$&t.7—U:

%&$$fl5—$vyfi»fiK$fiéhk%%mEfi%

%%%fiE.%%§$fi$&%%fi&LTE%T5%%

U3&:.7—U:§&$&m5mh3ht§%w%&

E%E%fiE\i%U$&Kfi%éflk§%§$§$&

%%fiK;©,fifi&mLT@$%%¢éE$%%$&

:&fizrm5o

[0026]$%%®%4®%fifl.fifiikmfifi®

Efi%&fiL.fiEmm5%EmtflLr.mEE®a

yfiwfitfi§H&&fi%§E%%éEfi?éfi&tW
WBhT$D.%fi&%LTEMEfifi?éE&®#V

U7@&fi&fifi&&R$?bk®®M%&£fi%%#

Eyyfiwfitimiéfilwxfvit.%mEw5

flk%EN5—>EfiL‘#D%%%®mfifl5>FA

u£mLTm5fi$&%%fiE%$?é%2mx%v7

&‘wfifi§%%%fi&§$fi%%fi&&9>fi»fit

M EfifimLTE§%fi?&C&K&O.%fi%%fiEfi

——2o5——



Page 305 of 391

9

%%fi®%%%®fifi&5>7Am¢5%3®z?v7

k.$%m%3®z?v7T%E%®mmm5>fiAm

5mkmfi&£%%%fi&v>fi»§mfi7—Ulfifi

LTfifimL®E§fifi&fifl£EE%t£&L.ifi

%KE§&%%fiéfi7—UIfimbffififififififl

§$E%m§flL.%fl€n&&Emm%E?é¥4w

xfvitéfiirué.

N027]

{%w®%m®%%}uT.$%w®%m%%c%%0

FDM%%®EfifiEm5U%mfiE§§£;U§%%

fiKDmT.EEE§fiLmfl6%%?5a

[0028]E1m$%w®%1m%m%%®%%£E

&%?7Uv0ET§U\E2u$%%@%1®£m%

%®§%§§®%&&m?7 v9ZTEU‘E3fl$

%%TlmaoFDME%®%m®—m&fi?ZTb

6oE£.%3K£hT.(a)fiOFDME%®fi&

fi&%L.(b)mOFDME%wE%fiE%u

(c)mfifiEEm$Ut%%®oFDM%%®E%&

Efib.(d)fl%mE@flEUk%%®OFDME%

®§NfiEfiL.(e)m%E%WEfiLTw6.

{0029]H1mEE§E1a‘Zzwafiifizk

m\fim&—7w%.%77¢N&—7»%®E%%

(Emfif)T&fiénTw6°zmxémfifififil

$;U%%§E2u,kbXfl¥4v5»cATV9z

?AK3wTfiw6fl5o%%§E1H~OFDM%%

Efih.§%%E2KfibT.t&ZfifVE®%?¥

y$wfi®m@?—5&E%?5;5KfiméhTm
50

[0030]E1K£mT,EE§E1fl‘mfifi§fi

E%%$%12&‘@$%%%13&.x%U14b

fi7—U:%&%15&.fi—F9%Afix%16b

WWE%%§fi17k‘D/AEfi%18&‘D—N2

7xw519a%fiXTm&.

[0031]%%£E1®$%fi£%%%%$%12K

m‘§%§§2uE%¢&%2%?¢95»¥~5<5

vbXbU—A%%)flAfiéhTmé.mEfiE%E

%%:%12u.1tamk%Ef497w?—9a

?4V5w%%?5&%K.lvyfiwzfifikfififl

%&L.fiHmfifi?5n$(n=fi+~fi$.t&z

d5‘2)mwfifiéfifiiatwwnmmwfifififi

%%&§UwEfi§%%%fit%m?é°m£.$4?

&w%%fifi&LTu.QbsK%%%,16QAM%

flfifiéhéoZ®E@T®$§W§fiE%fifl.fi%

w£mw§m%52(g13%m>m5mwsn&w%

fi£fi%%#&fi%Té%°m%fi£fi%%%E%12

#BHfiéh5Wfifi£%E%fim‘Efifififilst

fiiéhé.x%U14M.§$%E%13#EfihE

h6M%fififi%%fiD’mélyyfiwfififiiéz

&flT%é.it.x£U14u,E$mfi%13Kw

%&%%%%fiDmmAtéht&%K.Wflmmfib

4§Bfi*F8 — 3 2 1 8 2 O
10

"CD6 1 3/‘/fl{)I/FJfJ’0J{$3£i?§§s;:H1§"%E¥D' m-1 >22. F)?

fi®=$§$&%%#&LT.fiifififilsflwfi?

5“@$%fi%13M\lfléfltfi%%%fiDmt.

1yyfiwfi®E$§$&E%fiD’w1&é.Hfifi

mLfi.E$%E?é:tK&D‘mEfiEfiE%fi

D’ 111 (D' 111 =1')111 XD’ In-1)

%Wfi?é.

[0032];DEW%tfiw?5t\E$%§%13

EAfi§ht$fifi§%%%fi(n@®W%fi§%%%

&fiU)®5E.k(k=1,2, ,n)§E®w%
i1‘i,’2‘E§H%v“.%0>£fiE‘l3ED1u [k] r e a 1 &l/. {-ODE?

fiflébm[k]imag&L‘X%U14Kfl%bk

k$E®W%&£fiE%®¥fi%ED’w1[k]re

a1:‘:[/. %0)@§I%|3’&D’ m-1 [k] imagkl/7:

%fi.E$¥%%l3fi,%WE%EfiE%®¥fifl%

;3fi&$%h%hKDhT.¥%flEEfih.

D’ 111 [k] rea1=D1n [k] real><D’ 111-1

[k]real

D’ [I] [k] iInag=D1n [k] i1nag><D’1J1-1

[k] imag

%HfiT%a}EU14fi.E$§fi%13@Efifi3

flt%&$&UE&®WfifiE%E%D’m ®’m

[k]real3&UD'm[k]imagEfiU)E
E%%%?é.w4u%?;5n.x£U14£;UE

$fifi%13H\Lfl®;5mfiWE%Dfib$fi?
En

[0033]fi7—UI§fl%15fl\E$%E%13

fl5mfiEfl§%%fi§%%%fiD’m$®%h%h®

WEfi§%E%E.v>fiwEEfit\fiKE&fimL
tfi£§mEEK%D¥T.:hBKfiLT—fiWKfi

7—U1%&EmL.éatfififlfifiéfiizati

D‘%W&WLT%?~§fififl§EEhkW%fi%fi
E%#E\%fimLT%¥—5flfifl§E$htOFD

M%%D’mKfi&?%.

(00341fi—F54AfiA%16u.E7~U:%

m%15m5$héh5¥xv&»®oFDM%%D’

mE.%v>fi»EfifiK.—a.W%®Ny77K%

X6.kK.fi—F54AfiAE%16M.%&>fiw

smKfiLT.%®%%c%%fi—F94AGm&.%

®%%K%fifi—F5TAGm&‘%fl¥flHM?6

(m3fifi)oE£.W%fi—F54AGm®%EEt

g1B;U%%fi—F§%AGw®fiEEtg2u.%

h%mEE%T%ETb7wfNxt;6E%&tE%
&t®%H§E&U%E%E1®D/AfififilBtfi

%§§2@A/Dfififizztmfimfiyiuyfimf

hK&éfifiEEE%§LTi®Bh6oih.W%fi

”F5”1’£>.Gh111ECli. §(HE'3’§'E:“/‘/IKJI/S111 03f&fifi%‘|3S

wtfiU?~5D’wtfl%®Bfl.%flfi“F54A

GwKM\fimT5?>fiwSm®fifi$Sm&WU?

—9D‘mtfl§®Bh6°:flK&D.$§%E9>

-—206——



Page 306 of 391

u

fiwfifl.tg1+ts+tg2EEEEfl6E&KE
befi—F5fAfiA%16u‘W%fi—F54AGh

111‘ “/‘/T3)!/S111 . ?§i‘3‘|3fi-I“‘9’l’.LxGem’&fi}fi[/'C.

?*-19D’ emt . D’ m ‘ D’ hmt é'l|EZKH7'J3‘Z>o

[0035]fifl%%§:%17m‘v>fiwmRwD

&%Ttb.v>fiw&t.W%E%E\fi—F&4A

®HméfltOFDME%K%EfiLT§§b‘D/A

§&$18KflfiT§.fiflfi%M‘h&Xfi‘25

(a)Efi?&5KOFDME%K%L\flflWEflfi

mfl£%mEfi&mE%%%tm5%m?é°

[0 0 3 6] D/A,’2‘Zifl§§1 8L1, IfiJEfi%%§;E‘:=331 7

#EHfiéh%‘fi—F54A3;fififi%%fiHm3

hk?4V5w?—9®OFDM%%E\7fD7®O

FDMN—XN>F%%K§@T5°D—NX74w9

19m.IfU7&>7K;5fV*w%¥%fl#UE
mifitfékb‘OFDMN—2NVPfi%E%fiH

fi&mH%.

[0037]:fi®;5m—E®fl%®%%‘fifigfi

1u.%%%tflLT.fi—F54A£¢UWflE%E

fiUoFDME%EHt?%.

[0038]E2E£MT‘§E§§2fi‘U~NX7

4W521&‘A/D£fi%22k.I>ND~7fiH

%23&‘W%T$fl24&‘7~UI£&%25b

%EU26&‘E$%H%27t‘EE?~5fi$%2

8&EfiKTm5a

[0039]m—Nz74w921m.B%%EfiLT

§%LtoFDM%%mB,$Em§fififi®2N7h

wfifi&%£?éa

[0040]::f.?w%Nx©fiE%®Efi%fi$

Ki5%EfiEAtE%@L.§%%E2K£mT§%

LkOFDME%EZD’m&T6.H$\Zfl.

Z=eXpj 277;fcAt

f£D.%%®EEfiE§LTm&a

{0041]A/D£&%22m,7fnfi®0FDM

%%®m%fl—F54AGm,v>fi»sm.%%fi~

F5”I'l>.Geml:-%2f1%°2’L§EEiI”L55'"~5’ZD’ emt . Z

D‘m.zD’mt&.?4¥5»®oFDM%%K£

fiié.

[0o42]I>Nu—7fiK%23m.oFDM%%

éI>&m—7fifi?5:aK;D.E5(b)Kfi?

1>mu—7fifiE%%.9>fiwfitmfi¢é.fifl

§$%24m.1>Nn—7fifi%23flBwfiEhk

1yNnwffifiE%t§§mT\E5(c)K%?§

$54syfiE%%‘&yfiwfitmfi?5.zwgfi

574’ 2 ‘/7‘4%.‘%};t. 7—U I§2‘m%§2 5:¥3=l:Zfi)<5E‘J 2

stxfiéméo

[0043]7—UI§&%25H‘§$54EV?%

%cWEbT.A/D£&$22@5mhéméOFD

M%%&.v>fi»EtstHUEé®fifi§W(M3

(e)%%)&fiLTm<:&K;U.§9>fi»®%

@

M

%fi#8—321820
u

§EF—9flfifiHEflmT§.it‘7—UI§fi%

25%‘C®Wfléhk?—5flfiKfiLT‘7—UI

§&fi%&m¢:tm;©.%Em:®oFDM%%

&.fiw&m:®§EWE&£fiE%fim£&?éo

{oo44}x%u26u.7—U1gm$25#5m

fiéflé%fiWEfi§%E%fi&.19>fiwfiE%T

an::T\E%§E1@5?~&D’m#EBmT%

k%%‘xEU26KM\%hKflm?éf—5tL

T‘¥”5ZD’mN%Mémé:&tK5.¥~5Z

D’mu.¥~5D’mc7w%Nx%Efi%%t;o

TEUk%fiEEfiZEmXt%®T%é.fimbfi.

ZD’m=D’m><expj27tfcAt
&m5.x%U26u,§$543>7%%Kfl%L

T.?—5zD’m&fi$%E%27K$fi?5aE£

%%%27u,fi%émfiLt:T.7—U:E&%2

5w5mfi$m5v>fiwsm1®?—9zD’m1

E.x%U26KR%énTm5¥—&ZD’mK;o

Tfi$@§T6cTflbE‘§$%§%27&

ZD’m1/ZD’m=D’m1/D’m=Dm1

wfi§Efi5,E6K%?;5K.7—U1£&%2

5.x£U263;6E$%%$27u.:fi@;5m
&¢&%DfiL%fi?5a

{0045]fifibk;5K.7w?NXKEflLT‘

%3(a)K%?E%&&m3(b)K%?fi%wt®

mK.fiHmm%m&Efl$U5°$t.%%§§1®

D/A£&%18&§%§E2@A/D%&%22&K

£W6fi>7U>fi5f3>7flfim6:&KfiflL

T.fiE&E;UE%&K%h%mWfi®fiEEEfl%

$?§(E3(c)$;GE3(d)@%)o7—UI

§fl%25K£mT.%$54E>fi%%u\:m%®

%fiEEE%§bTmfiwtw‘E3(e)Kfi?i5

K.%EmLm3wa§%m®fim%wom§u‘§E

E%®9>fiwEEflBfflTm6.

[0046]L#L&flB.%%M®7—UI£fi%2

5T.fiE§WflEmmvy$»E%@EfhTmT

%\%%fi~F5fAGm$¢U%%fi—F54AGw

Ku.%n%n?—5zD'wt3;UzD’mtfl§

ihfmbkb.fiE§W%fiLTfimt?”&Km.

1yyfi»EfiK$%3ih5~3fiEmL®¢NT®

?—5zD'mmfiimTm5::mméozmtm.

Cwfififififiififififiwfimbm.Efifimhtfi

mr%f—&mfi§m—%mfifififi§atmoTfih

6°ik‘fiEEfiE;Ufi%E®%fifl~fiT$h

fl‘%>>$wRmfitfifififi§&mk%ém%L<

m§a$%m%%T@.§$%§%27m.7~U:£

&%25m5hhéhtv>fi»sm1@?~5zD’

MIE‘XEU26KfifiEhTm6?~5ZD’mT

§$%%?5:&m;0,¥~&®E@fiz2#vyt

wt,E@®fimm®m%fi£%%%fiDm1&%Tu

%.¢mbE.§$%fi%27#.

——2o7——



Page 307 of 391

B

ZD'm1/ZD'm=D’w1/D'm=Dm1

®E%%fi5:&K;D\fifiWfi§&mfiB%éhé

:a&m©.%>>fiwm9mr\mm-fififiawm

w¥—5IDm 7§§?5'rB71“I.Eoo

[0o47]m:w;5t.:fi%m%%Tm.%v>

fiwm%%K%my>fi»w%fi%$;wfifi%tfiU

?—5&fiUfi~F5¢AEHmLT%E?é;5tL

Tmémfi.§EMTH‘%E%WWtfi%&£&UE

fifiwfifitomf.%E%:Kfi$19yfiwEEW

®?&T®?“&flfiEm$Té:&fiT%éoCwk

®.7»?NxK;Dfi%WflEflKK mU‘Efifi

®9>fiwEfi&§%fi®fi—F54A&fiE&oT

%\7—U1£&&mfi&&mLnfih5§?—&fifi

®RfiMfl£&m.?NT—%mB®&né°bkfls

T.EEM3;3§Em?fi%mfifimE(¥%.%

fi)é%fi?5:af,1ayfiwZ%®fi&&mk®

§fi%fifi§%fi%fime.$%mfi%§a&%K?5
:&flT%é°

[0048]ih,L$%W%%Tfl‘%EMt&EM

tflfifi‘OFDME%C%WEEfl%ELTB.Efi

&m:T§%MEfi§fi%%#Efi%@§$E$&%%

#Tfi§%§‘fi§%§?é:&K&U\fifififimfi

w@fi?~5E%5Z&fiT%é°%®%%‘fififié

vy$»E%KEmK—fiéfi5%Efim<Eé°

[0049]fi%?—5fi$%28fl~§$%fi%27

#6mfiEhk&%Wfi&E%%%fiDm®%%fiE§

§¥ELK7vE>FL.%%fi&%fi?6Z&Ki

D.%%§E1®%%?4V9w%%fi&fiE®&%F

499DE%fiE§éoWflLhi5K.QEWEEE

%%%#Dmm5u.mm£a%%fi£afl%£émT

mé.LtmoT.%E?—5fiE%2sm.fi$$E

L«®7yE>5mE#B\I$m0fi5Kfi®¥~9
&%$?%:amT%%.

{oo5o1ms.$m%m%u‘%§fi&& LT‘

Vw?NXK&6XEfi®%§&‘fiEWEE®%§k

tom?‘fi%®9X?At$%fi%%®&X?A&E

mfiT5V3JV”93yEfiOkoEE.:®V31

V—&a>m.$vU7&fl512$\256§E®$

¥U7®F—9EUfiEWV1J,flfiT0J\E®$

¥U7®?”9EfNTFOJE%FkbT%WEfl
Ea

[0o51]®7u.7»?NxK;éEE&®%§t

Dmf‘fi%®vZ?At$%fi%%®&X?A&Ei

fibk9E1V—?aV%%E$?flT$6aH$.E

7K£mT.(a),(b),(c),(d)m.%fl

?h‘%%®vXfAE%U6E&&,E§&,%m

K,ém&&7—U1§E?5:&K;D%&&mLm
%%KE&Lk%é®?~5££E$LTh6.it‘

M7K£mT\ m), (D, (g),(h)m.%

h%h.$¥m%%®9x%AK3w§Efifi,wfl

%fi#8—321820
M

W,fi&fi,fi&w&7—U1§%?5:aK:0fi&
&WL®E%K%&Lk%%®?—5§$E%LTm
69

{0052]%%®vx?ATu.fi—F5fAtmm

m§¥—9EfiAéhTumwkw<@7(b)®a1

5%).éfifi®%m§Wmt$%fia2fl%$Lrm

6(E7(c)§fi)obkfloT‘%fi&EfiE§W

fi7—UIE%?é::K;DEEfi%LwE%t£&

?5t.Z7(d)K$?;5E.256§E®$vU

7®?~5®xNbbwmmfl5ta%t»m®$vU

7®$%FOJT&okflf®?—9K§&fl$U&

Lkfl3T»%E? 97:%28T%flEflE%%<

ab“$6K\m®$vU7K3mTE.%%¥—5fi

$%28Tfi%EflE%%<Eé°—fi.$$fi%%®

vxfafiu.fi—F&fAtf—§mfiAéhTm5

®T,m®$+U7®?—&t%§&&H§mmc

[0053]E8u.E§%%K;é%EEfi®%§K

jmf.%%®vZ?Ak$%fi%%®&XfAtE&

fiLh9E1V—9a>%%EfiTET5§.EBKE

mf.(a)fi256§§®$¥U7®?”7fififlfi

fiF1J.&fiF0J®%%®XN5FwEfih

(b)M(a)®?~5Efi7—U1E%?5:aKi

U%EmL®%%Kfi&Lk%é®%%fi%EmLTm

é°ik.M8K$mT‘(c),(d)m.%h%
m.%%®92?AK3H%%mEEE$Ck%mfi

fi&fi&7—U1fi%?5:&K;Dfifi§WL®%%

K§fibt%%®?—5¥$E%LTwboit‘®8

msmr.<e>,<f>m.%n%n.$$m%%®

vZfAt£HéfiEfiEE$utfimfi.afi&&7

—Ulfi%¢5:aK;D%&&mh®%%tEmLt

%%®¥—&§aE%LTwé.

{0054]%%®yX?ATm.fi—F54Atw#

7’;Zv7“-“—5'%>}$}\$2}’L“CIA7;L>f:?sb (8 (c) GM: 1

§%).%7(c)®%é&fl%K.éfi&®%E%W

¢K¥%%a2fi%$?5°Lkfi9T.w8(d)K

fiiifit,%mfiEfiE§WT7—UIEETé:&

K;O%fifimL®%%K§&?5t.256$E®$

+U7®?—@®xNDF»flmfl5&&bK.fl®#

vU7®$%F0JT§otuf®?—9t§afl:U

5“btfldT.M®$VU7KDMT%\%EF*5

fi$%28Tfifl%flEZD%<Eé°—fi.$%fi%

%Tu.fi—F& AK?—9flfiAEhTmé®T.

m®#vU7®?~&t%§%REémw.
[0055]E9u\$%%®%2w%m%%®fiE%

E®%m&%T7nv7E?&é.m$.E9m%%§

Eansmr.H1@E%§§1m%m&fim?5%fi

Km.fi~®%%§%&HL.%®fim%%M?6.Z

9®¥fi%fiTEE?N%fim.X%U14fi.%$N

§—y%$%31®mfi\TmbE.Tbfimahtfi

M EN9—>Efib‘flDfi%%®MfiflfiEK5>FA

-—208——



Page 308 of 391

M

K§mLTm5fi$&%%fiDOEfifibrmazaf

5&0:@;5mE$&E%fiD0m\k&Xfl0~1

®E®VNw®fiM5>§A%%é%$?5PN$flfi

M5yFAE%%¢%é,:®fiM5y§AE%&2n

&E%§?%%E%&Efii.fiflfl0flE2mET5

>§Amfi&%E.mofififl1®HfiN7hwE%&

$fiTéfiM%%%%%$%K$D%fi?%:tflT%

éaEt\:w&5mE$&E%fifl\fimfl0#52

xirmiy§Am@Efiok&mmfim&fiw%%E

%$Té\fififififlE%%E$E;D%fi?é:&E
Téa

{O056]E$fifi%13fl.fi9>fiwEE®?—

&Dm#lfi$h6§K.?—&Dm&?—9D0&&

H&&m:fE$%§LT.?—9D’m(D’m:D

mxD0)&WWL‘%E&E%E%fiD®%WE&E

%fi%®fiH®flfiE%%N5~Vt5V§Ak?5o

[0 o 5 7] I211 om. i§$%§%§1 filzisbiéifiifi

§0J§iI1’l3?w_"7T<’§‘Zl‘Z“a*r)E>a 4%¢:. ‘ 1 0 (a) Igtfiéfiia‘

fit16fiQAM&mmt%%®fi%&%%E%®mD

fié%%fiEEEfiL.m1o(b)mfimfl5>§A

z:£{l:*rE=$1‘fiN0 H14 {mu 211 0 (c) Iztmfi

&%$N5—>K9y§Améhkm%fi£%%%%%
Lrma

[0 0 5 8] M1 0 (a) l::}'5I/VC. 4*,‘ —9o3§i&2J:’-%J*;z

K%0%T5h&m%fiE%%%fim®—3®%fi&%

%E%fl.§$EfiL®%%fiAKEfiEht&fifi?

&a%%fiAfl\%®¥&%#3\%®fi&%m1®fi

3s&fi3°ik.$&&7%»im.:®%.&mfi

3%/4Efi3k&fifiTéo@$¥§®%%VE10

(c)t%?m%&E%%%A’fl%Bh5ow%&§

%E%A’m.%&%fl~2.8‘fi&%m1.4¢m

D‘16EQAM®E§KufimE%fiE&é:&Kn

é.:®;5m,$fiN7b»i@&mfi9>7Am£

miatw.m%m£%%%%$$12m5mwsmk

mE&%fi%%fi¢®§mE&%%%%®fiwfl,kk

iw—fi5oT%.§$%$%13m.mmfimEt9

>§Améhtwfifi£%%%fiE.fi7—U:£fi%
lscfififibo

[0o59]@$%%%13n.:®;5mflfiEfi?

mfififinfifioit,@$%%%13m‘ifi%m?

—5DOEwEHfi?5a:®%®—E®%¢E.N1

lmfifiaimbfi.f—5D0flfiléflé9>fih

ésot¢ét.fiE%E3m\E12t%?;5u

i%%t9y$wsowF—&Do&.%mmw%%u

vyfi»sm®?—9D’m&$h?%:aKmé.E

7~UI£fi%15M.m%fi§%E%fiD’mE\v

>fiwfiK.Efi&mLtfi$%$fi&K%D%T.:

heKfibT*fiWEfi7~UIE&3;UfiEfl%fi

&mT:&K;0.?4V5»®oFDM%%c£&?

a.:®%%,mfi&Em%%fi®mN§$Mmfi.0

fi%#8—321820
M

m52xiT®3>§AmEKm0.fi7—UI£&%

15mamfiéhk0FDM%%t%fl$¢flE:a®

EWflT%éabkfloT.fi%§E\§%%E®F4

fiv7b>§Ek§<?%fl§flm<.fifim%&

T‘OFDM%%mwE§E%¢$%%E%$®%fi%

fi#B®%¥&fiM?6:&flT%é.fiE%E3K£

fiéfl®E%7UvD.?&bEfi~F54AfiA%1

6~U—NX71w519fl‘§fi§E1®%%tWfi

uflwié.

{0060}E£‘fi~F5fiAfiAfl16fi.97$

»sm®%%&fi%K.9>fi»s0@&fi%&fiD¥

—9WfiDOEfim?éfiflfi—F94AKfilT%&

&%n‘>>fi»s0®fifi%&fiU¥—&mfi&fim

?é&%fi—F74AKfiALTm5o

{0061]%9Km?EE$E3& mk%9‘E$

fltu.mztfiffifififizafiufimmflfififié

mmé:&flT%5.tEL.§fi%E®x%U26K

M.%%§E3©xEU14Kfi%3m5§$§$§%

%fiD0m§E?—5zD0EEfi$fi5:&tm6.

[0 0 6 2] :%EL»7:IEI90>%I?E1¥2F§3c:isow'c~s. fififi

Lt%1@%m%%tWfimfl%fifi5h5.Tnb

E‘7w?NXK&0fifififlE%fiK§ED.E%fi

®yyfi»XE&fi%&®fi—F54Aafl§moT

%,7~UIE&%KHfi&mLKfihé%EmEfiE

%%%fiwEmmm£am¢~r—%m%@&mo~%

®%$E%$Efi%flWC¥§.%§)TfiZ%oi
E‘E%M&§%W&®ETOFDM%%K%%EEfl

%:LT%.fiEEE®%§®mwfi%F—9&%&:

&flT%.%Efi®%EWL®%§fl§%Kmbc

[0 0 6 3} 7:235, I-.i|_'%0)§%WT£.ffiL:l. fififiwffiiiflfi

EfiLT?—9EE%?6i5KLTméfl.$%%fi

:fltEEEm6:&&<.fifi®EE%EflLTF—
5EM%?§&5KLT%&m.$t.Lfi®%$fi%

firm.§?vy*»fi®?vE®&@?—5&%m%

fiK%fié&5KLkfl\1?v>$wfl®%@¥~5

Efifififlbffifltfififii.émfifitflbfifé

;5ELTB;moé6K.%@F—5K§XT.%fi

?—5‘?$XF?—§%&§wfi&K®fi5:5KL

TB;m°55c.cATVcfizT.LAN.WAN

$®@®9XfAK£mT$%%E%fiLTE$wo

[0064]éEK.W9®E%%E3Tu.x%U1

4mBHh$hk§$@$&%%fi&.fi%%t.E$

%%% 3&fiLTfi7—U1§&%15tAb?a;

fimbkfl.§$E$&E%fiE.fi7—UI£&$1

snfifixfibfbxma

{0O65}$BE.E9®%E¥§3Tm\MEfi£

%%%fiK§m6§$§$&%%#tLT.%mE®5

mkfiimawyéfiu‘#o%®mwmmac5y§

AK%kLTm5§$fi%%fiD0&EHLkfl.OF

50 DM1%7"J E2'.£;U%’o?-E/'J%F37.‘I§£;Uf;I/BJZ 5 foC>UC?RT“C"‘

——2o9——



Page 309 of 391

F

m‘wfifi§%E%fim3®ag$§$%%%fitL
T.$w$mBhk%%N&—>EfiL‘m9%E%®

fimflfi§Kfi—®fi$&E%fiEEfiLTb§ma:

®%fiT%‘%1®$fi%%tfifi.fi$Hfi§flE

(¥E‘%§)Efi5:tT.fi@flE¥$E%£T%
%.

{Bm®%$m%m}

[R1]$%w®%1@%m%%®%E%E®fi&%%

“§‘7’I:I~yblZ”C‘d5é.

[E2]$%w®%1m¥fi%%w%E%E®%m%fi

‘-3'7°tJ~y7lZT§E>.,

{E3}E1®fi%§§1@5fi%éh50FDM%%

®%WE%?ET%5n

{B4}a1®x£U14&.E$%§%13&®%¢

é%?ZT&éo

{R5}H1®fifi§§1@BHfiéhtOFDMfi%

KflTé§E%E2w1>Nn—7fifi%2atfififi

$fi24&®flWE%TZTfi5o

[B6]E2®x%U26t.E$%E%27t®%¢

E%TET&6.

{E7}7WfNXE&6E@&®%§tDhT‘fi%

®9X?A&%1®%fi%§®VX?A&%RfiLk9

i1V—Va>%%Efi?ETfi6a

{&8}EE%%n;5fifiEE®%§u9mT,fi%

®?Z?A&%1®$W%%®?Z?A&EfiWLk9

3;V—&a>%%EfiTET%&

{E9}$%%®%2®¥W%%®%%§%®fifi%%

?7Uv9WT§éo

[E10]Z9®§$%§%18K£HéMfifi§WE

%fi&§$&%%fit®E$¥§®%?E%?NTE W
6.

m%afz_!flEifi $1

fifi#8—321820
M

{$11}B9@XEU14t§i%%%13&®flW
&%TEfE6o

{E12}B9®OFDM%%®fi%§E#E%%Eh

§OFDME%®%fiEfi?E%%fiETfi5o

{$13}fiX®0FDM%%®E%%Em%&E%?

73vDET&%.

I Z14)E13®§%§E5@5E%éméoFDM

fi%®%&Efi?RTEé.

{Z15}fiacE§?ém%fiK%D£T5hkm%

fi§%%%fi®MWfi%tOFDME%&®§%EfiT

%%fi%ET%%.

{fi%®fiw]

1,3~fi%£%
12~m%&§%%%%$%

13~@$%§%
14~%EU

15mfi7—UI§@%

16mfi—P54AfiA%

17 WfiE%Z %

18mD/A§fi%

1 9~--:1»-/V7\7w1/5'

31~%$N§—>%$%

zmfifififi
2 1 ---III-—/VX74’)I/5’

22mA/Dfififi

23~1y&n—7fifi%

24~fiflfi¢%

25~7—U1§fi%

26~%%U

27~§$%fi%

28 fifi? 92

X—— _fij'—|,|I

fi¥&fi[.fi$W#fi" gm



Page 310 of 391

4%‘Bfi*F8—32182O

Sm-1 Ghln Shll SIII Sell Gem

5-'4~'/’7)I»2E§.fia"“—§' DI-3 Dn-1 Dm Dmu Dn+2 Dues

(9 ® ® ® ® ®

2*-1:!) D'Ir3 D'm~2 D'n—1 D'n D'm+1 D'n-2

/1/1/1_/1/I/ /fii§¥‘fl'3£:"t|UJ D'n1'. D'n1 ‘um D’ma D'm-:3

[I‘>T<l6]

-,-—IJ1§&%$H:l:IJ Z].)'m-2 7.T)'1n—1 ZD':| ZD'm+1 ZD'1II+2 ZD'1n+:I so so

|H||lI|\I |l||\i|\t|ll|l||\||!|2¢%U ZD'|r3 zD’n-2 ZD'm-1 ZD'm zD‘n+1 ZD'm+2

1 1 1 1 1 I Gem-1.GII1ll GeI.Ghm+].

/ / / / / / / 9‘/xflil

Efifikfifitflfl Dm—2 Dun Dm Dm+1 DI-0-2 Dn+:!



Page 311 of 391

4%‘Bfi*F8—32182O

Mm/,,
,/,/,,

)a
Ix



Page 312 of 391

4%‘Bfi*F8—32182O

?4§&»EfiF~5

Afl97$Wfl



Page 313 of 391

4%‘Bfi*F8—32182O

Imaginary 1 Z , 4:03.

7n7%&wV®fi%

(72)§EFH% 7H“! 931% (72)§EE)3%‘ 721E $3]

i<|EJ??‘F"iETii<$F'EJE1006%flE 1’L§T%%§ fiC[5§H¥F'EJEffij<$F"1ElO06§flE FA‘T%%§

E%%fl%fiW E¥%fi%&W



Page 314 of 391

Electronic Acknowledgement Receipt

3233819

International Application Number:

Confirmation Number:

SYSTEM AND METHOD FOR SCRAMBLINGI THE PHASE OF THE

-“He °f '""e"t'°": CARRIERS IN A 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-DIV

Filing Date: 24—SEP—2007

Time Stamp: 15:53:53

Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

File Listing:

File Size(Bytes)
Document Description /Message Digest Part /.zip (if appl.)

348240

|DS_02.pdf yes7b22bdee47id3463ii126acd2cB6ie958
b84181 CB
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Multipart Description/PDF files in .zip description

Information Disclosure Statement Letter

Information Disclosure Statement (IDS) Filed

Warnings:

Information:

1648963

Foreign Reference .JP,H10,1998,—084329.pdf 40c9155ecbO146a202911621095303721
52010000

Warnings:

Information:

1472960

Foreign Reference JP8321820A.pdf

Warnings:

Information:

239891

NPL Documents 5550—47—F’J F’_OA_3—3—O8.pdf 5Idea09Ec4t‘A1 30a74IeCd331eIe8i:1a
31 567233

Warnings:

Information:

381810
5550-47-CON-2_OA_2-6-O8.NPL D t
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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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UNITED STATES EATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF‘ COIVII\’lI7Il'(l'.‘I7I
United States Patent and Trademark Office

Address COMMISSIONER FOR PATENTS
PO Rm I450
Alexa11dna,V1.rg:ima Z2313—1-I50
wwvmisptn gm’

or

APPLICATION FILING or GRP ART
NUMBER 3710:) DATE UNIT FIL FEE REC‘D ATTY.DOCKE'T.NO TOT CLAIMS IND CLAIMS

1 111/860,080 09/24/2007 2611 5550—47—CON—DIV
CONFIRMATION NO. 5967

62574 UPDATED FILING RECEIPT
Jason H. Vick

snendan Ross. Po IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIilliiililliilliilSuite # 1200

1560 Broadway
Denver, CO 80202

Date Mailed: 12/17/2007

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

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 DIV 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

Projected Publication Date: To Be Determined — pending completion of Security Review

Non-Publication Request: No

Early Publication Request: No
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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 applicant's 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.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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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: ) Group Art Unit: 2611

)

Tzannes ) Confirmation No.: 5967

Serial No.: 11/860,080 Examiner: Not yet assigned

Filed: 09-24-2007 INFORMATION DISCLOSURE STATEMENT

Atty. File No.: 5550-47-CON-DIV Electronically Submitted

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.

El Copies ofcited non-patent and/or foreign references nos. 22-24 are enclosed herewith.

U 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 CFR. § l.98(a).

'3 Copies ofcited references nos. 14-21 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. 11/211535 filed 08-26-2005 , 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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Examiner’s attention is drawn to the following co-pending applications;

SerialNo. 11/211535 filed 08-26-2005

Serial No. 11/863581 filed 09-28-2007

El Other:

Submission of the 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 of any 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 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):

I3 Within three months of the filing date of a national application other than a continued prosecution
application under 37 CFR 1.53(d), or

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

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

E Before the mailing of a first Office action after 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, plcasc cbargc 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 l.97(b)), but before the mailing date of one ofthe 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:

El A Certification (below) as specified by 37 C.F.R. l.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

Cl 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 l.97(d): This information Disclosure Statement is being submitted after the period specified in 37 CFR 1.97(c).

:i This information Disclosure Statement includes a Certification (below) as specified by 37 C.F.R. 1.97(e)
AND

El Applicants hereby requests consideration of the reference(s) disclosed herein. Please charge Deposit
Account 19-1970 in the amount of $1 8000 under 37 C.F.R. l.17(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)

Ci The undersigned certifies that:

U 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. 1.97(e)(1).

D 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 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.
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.

/,ra<§6n’H. Vick
//1/ Registration No. 45285

1560 Broadway, Suite 1200

Denver, Colorado 80202-5141

(303) 863-9700
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Substitute for form 1449A/PTO Comp[ete Known

Application Number 11/860,080

INFORMATION DISCLOSURE 09_24_2O07
STATEMENT BY APPLTCANT

U.S. PATENT DOCUMENTS

Exainer Cite Document Number Publication Date Name of Patenlee of Pages, Columns, Lines, Where
|nitials* No.‘ Number-kind Code it "”‘”“’ MM-DD-YYYY Applicant of Cited Document Relevant Passages or RelevantFiures A ear

—
—
——
—
—
T-
—
:E—
M—
—
_

‘-
——Tzarmes (09-28-2007 —

FOREIGN PATENT DOCUMENTS

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

Country code“; Number‘; Kind - Relevant
Code5 (if known) Passages or

Relevant Figures
Aear

EP0584534 - 03/02/94 LCATEL ITALIA
15EP 0719004 06/26/96 MATSUSHITA

ELECTRIC IND co
LTD

16GB 2330491 O4/21/99 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 f0f form Canjplete Known

‘ pplication Number 1]/860,080

INFORMATION DISCLOSURE F”ingDate ,,9_2,,_20,,,
STATEMENT BY APPLICANT ,,,s,,,,,,,e,, ,,,,e,,,,

Examiner Name 1 ot yet assigned

’*“°'"eV°°°“~‘*‘““”"°eI ”5°"47'C°N'D1V

W099/29078 06/10/99 TELIA AB

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

Examiner Ci
lnltials* N

te
0'1

) 20 Bauml R. W. et al.: "Reducing The Peak~To~Average Power Ratio Of Multicarrier Modulation
By Selected Mapping" Electronics Letters, GB, IEE Stevenage, vol. 32, No. 22, Oct. 24,
1996, -- 2056-2057, XP000643915 ISSN: 0013-5194

2
—Co of Annex to Form PCT/ISA/206 for PCT/US00/30958, Mar. 23, 2001 (5550-47-PCT)

_ 2 International Search Report for International (PCT) Patent Application No. PCT/USO0/30958,
23 international Preliminary Examination Report for International (PCT) Patent Application No.

PCT/US00/30958, com leted March 4, 2002 5550—47—PCT

24 Notice of Preliminary Rejection for Korean Patent Application No. 7005830/2002 dated

November 22, 2006 (Attorney's Ref. No. 5550-47-PKR)

Examiner Date
Signature Considered

*EXAMlNER: initial if reference is considered, whether or not citation is in conformance and not considered. Include copy ofthis
form with next communication to applicant
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Electronic Acknowledgement Receipt

2558394

International Application Number:

Confirmation Number:

- - . SYSTEM AND METHOD FOR SCRAMBLING THE PHASE OF THE

-“He °f '""e"t'°"' CARRIERS IN A 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-DIV

Filing Date: 24-SEP-2007

Time Stamp: 17:44:50

Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

File Listing:

File Size(Bytes)
Document Description /Message Digest Part /.zip (if appl.)

463631

yes&1Dd91 7aat35i971 4bd4509iii9049cOdd
76d051



Page 326 of 391

Multipart Description/PDF files in .zip description

Information Disclosure Statement Letter
Information Disclosure Statement (IDS) Filed

Warnings:

lnlormation:

207210
5550-47-PCT_Search_Repo

NPL Documents rtpdf lde804da2cecl174e0d00l3a5556ala75
3bd2alb

Warnings:

lnlormation:

254373

NPL Documents 5550-47-PCT_|PER.pdf fl
l0cc0l24d93aal6927e25ae33-M137551

92lcc91

Warnings:

lntormation:

293800

NPL Documents 5550—47—PKR_Rejection.pdf ah883lb5d197l76d615h2l7a 2aB22de3
4cd82c6b

Warnings:

lnlormation:

Total Files Size (in bytes): 1219014

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

New International Application Filed with the USPTO as a Receiving office
It 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 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 Confirmation No.: 5967

Serial No.: 11/860,080

CORRECTED APPLICATION PAPERS

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

)

)

)

)

)

)

Filed: September 24, 2007 ) RESPONSE TO NOTICE TO FILE
)

)

T )

For: SYSTEM AND METHOD FOR )

SCRAMBLING THE PHASE OF THE )

CARRIERS IN A MULTICARRIER )

COMMUNICATIONS SYSTEM )

Mail Stop Missing Parts
Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450

Dear Sir:

In response to the Notice to File Corrected Application Papers mailed October 9, 2007, in

connection with the above-identified application, enclosed for filing is a substitute specification.

The margins and erasure marks have been removed and amendments from the parent case have

been incorporated. The substitute specification contains no new matter in accordance with 37

CFR § 1.l25(b). Please charge any underpayment or credit any overpayment to Deposit Account

No. 1 9- 1 970.

Respectfully submitted,

SHERIDAN ROSS P.C.

n H.

Registration No. 45,285

1560 Broadway, Suite 1200

Denver, Colorado 80202-5141

(303) 863-9700
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5550-47-CON-DIV Clean Copy of Specification

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-channels spaced within a usable

frequency band of the communication charmel 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-

charmels, 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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Summgg 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 canier 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 ofmulticarrier 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 charmel 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 Diese1horst—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 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 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 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, a DMT superframe 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 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 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 ofpredefined 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 frequency bandwidth from 0 kHz to 1104

kHz. The DMT transmitter 22 numbers the carrier signals from O to 255. Therefore, "DMT

carrier number 50" represents the 51st DMT carrier signal which is located at the frequency

of2l5.625 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 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

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 hyperfrarne 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 hyperfiames. 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

unscrambled 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 shifiing 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
3,

(mod) 21:. 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 g (mod 27:) = gm
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 51x 5 mod21t =71; The carrier si al with the
3 811

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 g , 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 -75- (mod 27r)=—7§. 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 %(mod
3%

2 =—.
7:) 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 (X1v)><—76£, mod 27r,

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, l, 4, 9, 5, . . .] has a phase shift added to

the phase characteristic of the carrier signal that is equal to (9) x%(mod 27:) = 3—7r (Note that2

9 is the 5”‘ value in XN.) 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 (5) x % (mod 27:) = 5?” .
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 charmel 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 systems when clipping occurs, the transmission

signal 38 does not accurately represent the input serial data bit signal 548.

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. In 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. 4

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 shifis 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 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 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 3 8.

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 carrier signal associated with a carrier number N by §—>< (M + N), mod 2n, 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 3 8. 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 10'5

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 10's 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

% , 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 105 results in approximately a 0.5%

(l/195) decrease in throughput, the PAR of the transmission signal 38 is reduced by 1.7 dB,

which reduces transmitter complexity in the fonn 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 fonn 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 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 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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New Applications Under 35 U.S.C. 111
It 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
It a timely submission to enter the national stage of an international application is compliant with the conditions
of 35 U.S.C. 371 and other applicable requirements a Form PCT/DO/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
It a new international application is being filed and the international application includes the necessary
components for an international tiling 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 of the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and T‘rarleumrk Office
Addness. C<’;IvII\ITssT0I\‘ETI. I-‘OR PA't'J1II\TSPO Box I/1'70

Alexandria, Virginia 22313-macWwwuspto gov

APPLICATION NUMBER F'L'N§A"T’E371(°) GFIP AFIT UNIT FIL FEE REC‘D ATTYDOCKET NO TOT CLAIMS IND CLAIMS

11/860,080 09/24/2007 2611 1000 5550—47—CON—D|V 1 1

CONFIRMATION NO. 5967

62574 FILING RECEIPT
SHERIDAN ROSS P C
SUITE 1200
1560 BROADWAY

DENVER, CO80202

Date Mailed: 10/09/2007

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 DIV of 11/211,535 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:

Projected Publication Date: To Be Determined — pending completion of Corrected Papers

Non-Publication Request: No

Early Publication Request: No

Title

SYSTEM AND METHOD FOR SCRAMBLING THE PHASE OF THE CARRIERS IN A
MULTICARRIER COMMUNICATIONS SYSTEM
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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 81 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 appIications(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
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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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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED S'1‘A'l'l3S DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Addnzu: COMMISSIONER FOR PATENTSP.0. Box 1450

Alexandria, Vuphin 22313-I450www.utpIo.gov

l 1/860,080 09/24/2007 Marcos C. Tzannes 5550-47-CON-DlV~

CONFIRMATION NO. 5967

62574 ‘ FORMALITIES
SHERIDAN ROSS P C LETTER
SUITE 1200
1560 BROADWAY

DENVER, CO 80202

Date Mailed: 10/09/2007

NOTICE TO FILE CORRECTED APPLICATION PAPERS

Filing Date Granted

An application number and filing date have been accorded to this application. The application is informal since it
does not comply with the regulations for the reason(s) indicated below. Applicant is given TWO MONTHS from
the date of this Notice within which to correct the informalities indicated below. Extensions of time may be
obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

The required item(s) identified below must be timely submitted to avoid abandonment:

o A substitute specification excluding claims in compliance with 37 CFR 1.52, 1.121(b)(3), and 1.125 is
required. The substitute specification must be submitted with markings and be accompanied by a clean
version (without markings) as set forth in 37 CFR 1.125(c) and a statement that the substitute specification
contains no new matter (see 37 CFR 1.125(b)). Since a preliminary amendment was present on the filing
date of the application and such amendment is part of the original disclosure of the application, the
substitute specification must include all of the desired changes made in the preliminary amendment. See
37 CFR 1.115 and 1.215.

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required

‘ ‘application size fee.

Replies should be mailed to: Mail Stop Missing Parts
Commissioner for Patents

P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.htm|

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at httg://wvvw.usgto.gov/ebc.
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Ifyou are not usir/lg EFS- Web to submityour reply, you must include a copy ofthis notice.

xamination (571) 272-4000, or l-800-PTO-9199
PART 3 — OFFICE COPY
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Attorney Docket No. 5550-47-CON-DIV

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application for:

First Named Inventor: Marcos C. Tzannes Art Unit:

Appln. No.: Not yet assigned Examiner:

For: SYSTEM AND METHOD FOR

SCRAMBLING THE PHASE OF THE CARRIERS
IN A MULTICARRIER COMMUNICATIONS
SYSTEM

PRELIMINARY AMENDMENT

Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313-1450

Sir:

Prior to the initial review of the above-identified patent application by the

Examiner, please enter the following Preliminary Amendment. Please charge any

fees to Deposit Account 19-1970.

Please amend the above—identified 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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v

Attorney Docket No. 5550—47-CON—DIV-

Amendments to the Sgecification:

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 (Xi/) ><:6[—, mod 2”, 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 canrier signal

that is equal to (9) x%(mod 277) = 37” _—_(Note that 9 is the 5m

value in XN.) The canrier signal with a carrier number N equal to 6 has a phase shift

added to the phase characteristic of the carrier signal equal tcré)

572‘ 7: 572:
 5 — d2 =--.6 3 ()X6(m0 7‘) 6
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