UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPto oV
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
10/689,763 10/22/2003 Jerry D. Burchfiel USTAPO030
CONFIRMATION NO. 6023
92045 POA ACCEPTANCE LETTER
The Caldwell Firm, LLC

PO Box 59655 ORI AR M
Dept. SVIPGP

Dallas, TX 75229

Date Mailed: 03/05/2018

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 02/23/2018.

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.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/tmwilliams/
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPto oV
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
10/689,763 10/22/2003 Jerry D. Burchfiel BBNT-P01-238

CONFIRMATION NO. 6023

28120 POWER OF ATTORNEY NOTICE

ROPES & GRAY LLP

IPRM Docketing - Floor 43 IO A M

PRUDENTIAL TOWER 0000097786366

800 BOYLSTON STREET
BOSTON, MA 02199-3600

Date Mailed: 03/05/2018

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 02/23/2018.

* The Power of Attorney to you in this application has been revoked by the assignee who has intervened as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

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/tmwilliams/
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PTO/SB/81A (12-08)
Approved for use through 01/31/2018. OMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995 no persons are reguired to respond to a collection of information unless it displays a valid OMB control number
/ Patent Number 7.483.711 \
PATENT - POWER OF ATTORNEY ——

OR Issue Date 01-27-2009
First Named Invent :
REVOCATION OF POWER OF ATTORNEY | ——— | e D Burehfel
WITH A NEW POWER OF ATTORNEY SPECTRUM-ADAPTIVE

AND NETWORKING
\ CHANGE OF CORRESPONDENCE ADDRESS Attorney Docket No.

USTAP030 )

I hereby revoke all previous powers of attorney given in the above-identified patent.

D A Power of Attorney is submitted herewith.

OR | hereby appoint Practitioner(s) associated with the Customer Number identified in the box at right as my/our
attorney(s) or agent(s) with respect to the patent identified above, and to transact all business in the United 92045
States Patent and Trademark Office connected therewith:

OR
|:| | hereby appoint Practitioner(s) named below as my/our attorney(s) or agent(s) with respect to the patent identified above, and to transact
all business in the United States Patent and Trademark Office connected therewith:

Practitioner(s) Name Registration Number

Please recognize or change the correspondence address for the above-identified patent to:

Ii' The address associated with the above-identified Customer Number.
OR

|:| The address associated with the Customer Number identified in the box at right:
OR

I:l Firm or
Individual Name

Address

City | State | | Zip |

Country

Telephone | Email |

lam the:
D Inventor, having ownership of the patent.

Patent owner.
Statement under 37 CFR 3.73(b) (Form PTO/SB/96) submitted herewith or filed on

SIGNATURE of Inventor or Patent Owner
Signature /Andrew Gordon/ Date 2/23/2018
Name Andrew Gordon Telephone
Title and Company Manager, Usta Technology, LLC

NOTE: Signatures of all the inventors or patent owners of the entire interest or their representative(s) are required. If more than one signature
is required, submit multiple forms, check the box below, and identify the total number of forms submitted in the blank below.

D A total of forms are submitted.

This collection of information is required 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 update
(and by the USPTO to process) the file of a patent or reexamination proceeding. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR 1.14. This collection is
estimated to take 15 minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending
upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to
the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

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

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

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

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

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, pursuantto 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 from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to
the public if the record was filed in an application which became abandoned or in which the proceedings
were terminated and which application is referenced by either a published application, an application
open to public inspection or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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PTO/SB/96 (07-09)

Approved for use through 07/31/2012. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(b)

Applicant/Patent Owner: Usta Technology, LLC

Application No./Patent No.; 7,483,711 Filed/Issue Date: 01-27-2009

Titled:

Usta Technology, LLC _a Limited Liability Company

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

states that it is:

1. the assignee of the entire right, title, and interest in;

2. |:| an assignee of less than the entire right, title, and interest in
(The extent (by percentage) of its ownership interest is %); or
3. |:| the assignee of an undivided interest in the entirety of (a complete assignment from one of the joint inventors was made)

the patent application/patent identified above, by virtue of either;
A. |:| An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in

the United States Patent and Trademark Office at Reel , Frame , or for which a
copy therefore is attached.

OR
B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:
1. Erom: BURCHFIEL, JERRY D. To: BBNT SOLUTIONS LLC
The document was recorded in the United States Patent and Trademark Office at
Reel 014638 ,  Frame 0084 , orfor which a copy thereof is attached.
2. From: BBNT SOLUTIONS LLC To: BBN TECHNOLOGIES CORP.
The document was recorded in the United States Patent and Trademark Office at
Reel 017274 ,  Frame 0318 , orfor which a copy thereof is attached.
3. From: BBN TECHNOLOGIES CORP. To: RAYTHEON BBN TECHNOLOGIES CORP.

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

Reel 024456 , Frame 0537 or for which a copy thereof is attached.

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

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

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

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

/Andrew Gordon/ 2/23/2018
Signature Date

Andrew Gordon Manager
Printed or Typed Name Title

This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time
you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. Page 5 Of 166

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.



Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark

Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonment of the application or expiration of the patent.

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

1.

The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to

opposing counsel in the course of settlement negotiations.
A record in this system of records may be disclosed, as a routine use, to a Member of

Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency's responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which

became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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PTO/SB/96 (07-09)

Approved for use through 07/31/2012. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(b)

Applicant/Patent Owner: Usta Technology, LLC

Application No./Patent No.: 7,483,711 Filed/Issue Date: 01-27-2009

Titled:

Usta Technology, LLC _a Limited Liability Company

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

states that it is:

1. the assignee of the entire right, title, and interest in;

2. |:| an assignee of less than the entire right, title, and interest in
(The extent (by percentage) of its ownership interest is %); or
3. |:| the assignee of an undivided interest in the entirety of (a complete assignment from one of the joint inventors was made)

the patent application/patent identified above, by virtue of either;
A. |:| An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in

the United States Patent and Trademark Office at Reel , Frame , or for which a
copy therefore is attached.

OR

B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:
1. Erom: RAYTHEON BBN TECHNOLOGIES CORP. To: MIRAI VENTURES LLC

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

Reel 042347 ,  Frame 0371 , orfor which a copy thereof is attached.
2. From: MIRAI VENTURES LLC To: USTA TECHNOLOGY LLC

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

Reel 044933 ,  Frame 0544 , orfor which a copy thereof is attached.
3. From: To:

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

Reel , Frame , orfor which a copy thereof is attached.

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

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

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

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

/Andrew Gordon/ 2/23/2018
Signature Date

Andrew Gordon Manager
Printed or Typed Name Title

This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time
you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. Page 7 Of 166

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.



Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark

Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonment of the application or expiration of the patent.

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

1.

The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to

opposing counsel in the course of settlement negotiations.
A record in this system of records may be disclosed, as a routine use, to a Member of

Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency's responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which

became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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Electronic Acknowledgement Receipt

EFS ID: 31878405
Application Number: 10689763
International Application Number:
Confirmation Number: 6023

Title of Invention:

SPECTRUM-ADAPTIVE NETWORKING

First Named Inventor/Applicant Name:

Jerry D. Burchfiel

Customer Number:

28120

Filer:

Patrick Edgar Caldwell

Filer Authorized By:

Attorney Docket Number:

BBNT-P01-238

Receipt Date: 23-FEB-2018
Filing Date: 22-0CT-2003
Time Stamp: 22:30:53

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Size( B){tes)/ Multl- 'Pages
Number Message Digest | Part/.zip| (ifappl.)
494328
1 Power of Attorney USTAPO030_POA.pdf no 2
087faaa098fa79769717628bd2e5ad02dfa3
73a2
Warnings:
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Information:

428749
5 Assignee showing of ownership per 37 USTAP030_373b.pdf o 2
CFR3.73
31709789d2961261c3d694607f794d 10cce)
25b45
Warnings:
Information:
427569
3 Assignee showing of ownership per 37 USTAP030_373b2.pdf o 2
CFR3.73
8ad53ch423fb6al2fc03d9b072f2c0c131 11
bd4
Warnings:
Information:
Total Files Size (in bytes): 1350646

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

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

National Stage of an International Application under 35 U.S.C. 371

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

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the 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 DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
10/689,763 01/27/2009 7483711 BBNT-P01-238 6023
28120 7590 01/07/2009
ROPES & GRAY LLP
PATENT DOCKETING 39/41
ONE INTERNATIONAL PLACE

BOSTON, MA 02110-2624

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 1019 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Customer Service Center of the Office of Patent Publication at
(571)-272-4200.

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

Jerry D. Burchfiel, Waltham, MA;

IR103 (Rev. 11/05) Page 11 of 166



(S {U

12/19/2008 19:26 FAX 617 951 7050 ROPES GRAY @ 002/002

PART B -FEE(S) TRANSMITTAL /

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents /
P.O. Box 1450
Alexandria, Virginia 22313-1450 /
or Fax (571) 273-2885

[NSTRUCTIONS: This form should be used for transmitting’the TSSUE FEE and PUBLICATION FEE (if required). Blocks | through 5 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address
as indicated unless comected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS"
for maintenance fee notifications. =
CURRENT CORRESFONDENCE ADDRESS (Nole: Usc Block 1 for any change of Ll Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an essignment or formal drawang, rmust
have its own certificate of mailing or transmission.

) Certificate of Mailing or Transmission
+/ 1 hereby certify that this Fee(s) Transmitial is being deposited with the United
] States Pestal Service with sufficient postage for first class mail i an envelope
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted 10 the USPTO (571) 273-2885, on the date indicated below.

ROPES & GRAY LLP
One International Place
Boston, Massachusetts 02110

12/22/2008 WASFAW2 00000014 181945 10689763

01 FC:1501 1510.00 DA , . Pamela A. Hamrison cposior's rarme
02 FC:1504 300.00 DA T_M_-\AM\ (Sigrature)
) o December 19, 2008 (Dare)
[ APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO.  CONFIRMATION NO.
10/689,763 October 22, 2003 Jerry D. Burchfiel BBNT-P01-238 6023
TITLE OF INVENTION:  SPECTRUM-ADAPTIVE NETWORKING
[ APPLN.TYPE | SMALLENTITY | ISSUE FEE [ PUBLICATIONFEE | TOTAL FEE(S) DUE ] DATE DUE |
Patent no $1,510.00 $300.00 $1,810.00 December 22, 2008
[ EXAMINER [ ART UNIT [ cLasssuBCLass | -
T. A. Tran 2618
1. Change of correspondence address or indicabion ol "Fee 2. For printing on the patent front page, list
Address” (37 CFR 1.363). (1) the names of up to 3 registered patent | _Ropes & Gray LLP

D Change of comespondence address (or Change of attorneys or agents OR, altemnatively,
Corespondence Address form PTO/SB/122) attached. (2) the name of a single firm (having as a member 3
"Fee Address” indication (or "Fee Address" Indication | ? registered attoney or agent) and the names of
form PTO/SB/AT; Rev 03-02 or more recent) attached, | UP 10 2 registered patent atiomeys of agents. ifno 3
Use of a Customer Number is requjred. name is 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 identified below, the document has been filed
for recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
BBN Technologies Corp Cambridge, Massachusetts
Please check the appropriate assignee category o categories {will not be printed on the patent) : D Individual [z] Carporation or other private group enfity D Govemnment
4a. The following fee(s) are enclosed: 4b. Payment of Fee(s):
Issue Fee ' D A check in the amount of the fee(s) is enclosed.

Publication Fee (No small entity discount permitted) D Payment by credit card. Form PTO-2038 is attached.

IZI The Dircctor is hereby authorized by charge the required fee(s), or credit any overpayment, lo
Deposit Account Number 18-1945

D Advance Order -# of Copies

5. Change in Entity Status (from status indicated above) .
[] = Applicant claims SMALL ENTITY status. See 37 CFR 1.27. [[] b Appticant is no longer clsiming SMALL ENTITY status. Sec 37 CFR L27(e)2).

The Director of the USPTO is requested to apply the Issue Fee and Publication Fee (if any) or to re~apply any previously paid issue fec to the application identified above.
NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attomney 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 AE*;‘A« Com : Date December 19, 2008

Typed or printed name _Regina Sam Registration No. L0381

PTOL-85 (Rev. 08/08) Approved for use through 08/31/2010. OMB 0651-0033 U.S. Patent and Trademnark Office; U.S. DEPARTMENT OF COMMERCE
11482527_1.DOC
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FAX TRANSMISSION

DATE: December 19, 2008

PTO IDENTIFIER:  Application Number 10/689,763
Patent Number
Inventor: Jerry D. Burchfiel

MESSAGE TO: US Patent and Trademark Office
FAX NUMBER: (571) 273-2885

FROM: ROPES & GRAY LLP
Regina Sam

PHONE: (617)951-7814

Attorney Dkt. #: BBNT-P01-238

PAGES (Including Cover Sheet): 2

CONTENTS: | Issue Fee Transmittal (1 page)
Charge $1,810.00 to deposit account 18-1945

mail at the address below.

ROPES & GRAY LLP
One International Place, Boston, Massachusetts 02110
Telephone: {(617) 951-7000 Facsimile: (617) 951-7050

If your receipt of this transmission is in error, please notify this firm immediately by
collect call to sender at (617) 951-7814 and send the original transmission to us by return

This transmission is intended for the sole use of the individual and entity to whom it
is addressed, and may contain information that is privileged, confidential and
exempt from disclosure under applicable law. You are hereby notified that any
dissemination, distribution or duplication of this transmission by someone other
than the intended addressee or its designated agent is strictly prohibited.

11482506_1.DOC 1

PAGE 1/2* RCVD AT 12/19/2008 6:20:51 PM [Eastern Standard Time] * SVR:USPTQ-EFXRF-6/30 * DNIS;:2732885 * CSID:617 951 7050 * DURATION (mm-$5):01-04
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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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

28120 7590 09/22/2008 | EXAMINER |
ROPES & GRAY LLP TRAN, TUAN A
PATENT DOCKETING 39/41 | ART UNIT PAPER NUMBER |

ONE INTERNATIONAL PLACE

BOSTON, MA 02110-2624 2618

DATE MAILED: 09/22/2008

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

10/689,763 10/22/2003 Jerry D. Burchfiel BBNT-P01-238 6023
TITLE OF INVENTION: SPECTRUM-ADAPTIVE NETWORKING

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

nonprovisional NO $1440 $300 $0 $1740 12/22/2008

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.

THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

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

DUE.
HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

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

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

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

the ISSUE FEE shown above.

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

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

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

Page 1 of 3 Page 14 of 166
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commlssmner for Patents
P.O.Box 1
Alexandria, Virginia 22313-1450

or Fax (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

é)roprlate All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

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" for
malntenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

Eapers Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

28120 7590 06/22/2008
Certificate of Mailing or Transmission
ROPES & GRAY LLP I hereby cerltify that thisﬂfee(fsf) Transmittal isf be%ng dfiposited 1With the Uriited
States Postal Service with sufficient postage for first class mail in an envelope
PATENT DOCKETING 39/41 addressed to the Mail Stop ISSUE FEE address above, or being facsimile
ONE INTERNATIONAL PLACE transmitted to the USPTO (571) 273-2885, on the date indicated below.
BOSTON, MA 02110-2624 -
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
10/689,763 10/22/2003 Jerry D. Burchfiel BBNT-P01-238 6023
TITLE OF INVENTION: SPECTRUM-ADAPTIVE NETWORKING
| APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1440 $300 $0 $1740 12/22/2008
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
TRAN, TUAN A 2618 455-067100
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . 1
(1) the names of up to 3 registered patent attorneys
| Chan%e of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. 2
(2) the name of a single firm (having as a member a
[ "Fee Address" indication (or "Fee Address” Indication form registered attorney or agent) and the names of up to
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 identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ ndividuat Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
(] Advance Order - # of Copies (1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. . Applicant is no longer claiming SMALL ENTITY status. See 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 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 CEFR 1.311. 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 v. epending 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 toalt'f}lle Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
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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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
10/689,763 10/22/2003 Jerry D. Burchfiel BBNT-P01-238 6023
28120 7590 09/22/2008 | EXAMINER |
ROPES & GRAY LLP TRAN, TUAN A
PATENT DOCKETING 39/41 | ART UNIT PAPER NUMBER |

ONE INTERNATIONAL PLACE
BOSTON, MA 02110-2624

2618
DATE MAILED: 09/22/2008

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 1019 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 1019 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or
(571)-272-4200.
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Application No. Applicant(s)

. o 10/689,763 BURCHFIEL, JERRY D.
TUAN A. TRAN 2618

-- The MAILING DATE 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. [X] This communication is responsive to 02/26/2008.

2. X The allowed claim(s) is/are 1-16 and 19-23 renumbered 1-21.

3. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)[d Al b)[J Some* c¢)[JNone ofthe:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:
Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will resultin ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

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

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [ to Paper No./Mail Date .

(b) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of

Paper No./Mail Date .
Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. (] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. ] Notice of References Cited (PTO-892) 5. [] Notice of Informal Patent Application
2. [1 Notice of Draftperson's Patent Drawing Review (PT0O-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date .

3. [ Information Disclosure Statements (PTO/SB/08), 7. X Examiner's Amendment/Comment

Paper No./Mail Date
4. [ Examiner's Comment Regarding Requirement for Deposit 8. X Examiner's Statement of Reasons for Allowance

of Biological Material

9. [] Other .

[Tuan A Tran/
Primary Examiner, Art Unit 2618

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20080915
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Application/Control Number: 10/689,763 Page 2
Art Unit: 2618

DETAILED ACTION
EXAMINER’S AMENDMENT
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.
The application has been amended as follows:

IN THE CLAIMS:

Claim 1: the phrase “to produce a power differentials for thee each frequency”
has been changed to “to produce a power differential for the each frequency”
Claim 8: the phrase “in the plurality of power” has been changed to “in the

plurality of power differentials”

Allowable Subject Matter
1. Claims 1-16 and 19-23 are allowed.

The following is an examiner’s statement of reasons for allowance:

The reasons for allowance have been indicated in the Office Action mailed on
02/26/2008.

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.”

Page 18 of 166



Application/Control Number: 10/689,763 Page 3
Art Unit: 2618

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to TUAN A. TRAN whose telephone number is (571)272-
7858. The examiner can normally be reached on Mon-Fri, 10:00AM-6:30PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Matthew Anderson can be reached on (571) 272-4177. The fax phone
number for the organization where this application or proceeding is assigned is 571-
273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

[Tuan A Tran/
Primary Examiner, Art Unit 2618

Page 19 of 166



Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

10689763 BURCHFIEL, JERRY D.
“m“ m “ Examiner Art Unit
TUAN A TRAN 2618
ORIGINAL INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
455 522 H 4B 7 /00 (2006.01.01)
H 4 1Q 7120 (2006.01.01)
CROSS REFERENCE(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
455 68 69 70 63.1 114.2
455 1271 4521 4522
O Claims renumbered in the same order as presented by applicant O CPA O T.D. O R.1.47
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original

1 1 17 33 49 65 81 97

2 2 18 34 50 66 82

4 3 17 19 35 51 67 83

5 4 18 20 36 52 68 84

3 5 19 21 37 53 69 85

6 6 20 22 38 54 70 86

7 7 21 23 39 55 71 87

8 8 24 40 56 72 88

9 9 25 41 57 73 89

10 10 26 42 58 74 90

11 11 27 43 59 75 9

12 12 28 44 60 76 92

13 13 29 45 61 77 93

14 14 30 46 62 78 94

15 15 31 47 63 79 95

16 16 32 48 64 80 96
NONE

Total Claims Allowed:
21

(Assistant Examiner) (Date)
/TUAN A TRAN/
Primary Examiner.Art Unit 2618 09/15/2008 0O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 14

U.S. Patent and Trademark Office

Part of Paper No. 20080915
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Index of Claims

10689763
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Search Notes

Application/Control No.

Applicant(s)/Patent Under
Reexamination

10689763 BURCHFIEL, JERRY D.
Examiner Art Unit
TUAN A TRAN 2618
SEARCHED
Class Subclass Date Examiner
455 450-451, 452 .1-2, 67.11-67.16, 68-70, 522, 127.1-127.5, 9/11/08 TT
63.1,114.2, 114.3, 296, 226.1-226.4
SEARCH NOTES
Search Notes Date Examiner
EAST (USPAT, USPGPUB, USOCR, FPRS, JPO, EPO, DERWENT) 9/11/08 TT
updating search
INTERFERENCE SEARCH
Class Subclass Date Examiner
Interference text search 9/11/08 TT
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g' Docket No.
@g/ AMENDMENT TRANSMITTAL LETTER BENT.P01.238
4’2\?\:_7.&%,&?"/ Application No. Filing Date Examiner Art Unit
" 10/689,763 October 22, 2003 T.A. Tran 2618
. Applicant(s): Jerry D. Burchfiel
Invention: SPECTRUM-ADAPTIVE NETWORKING
TO THE COMMISSIONER FOR PATENTS
Transmitted herewith is an amendment in the above-identified application.
The fee has been calculated and is transmitted as shown below.
CLAIMS AS AMENDED
Claims Highest
. Remaining Number Number
After Previously Extra Claims
Amendment Paid Present Rate
Total Claims 21 - 97 = 0 0.00 0.00
Independent =
Claims 2 - 8 = 0 0.00 0.00
Multiple Dependent Claims (check if applicable) I:]
Other fee (please specify):
TOTAL ADDITIONAL FEE FOR THIS AMENDMENT: 0.00
Large Entity |____| Small Entity
No additional fee is required for this amendment.
I:} Please charge Deposit Account No. _ 18-1945  in the amount of 0.00
A duplicate copy of this sheet is enclosed.
I:]A check in the amount of $ to cover the filing fee is enclosed.
D Payment by credit card. Form PTO-2038 is attached.
The Director is hereby authorized to charge and credit Deposit Account No. 18-1945
as described below.
Credit any overpayment.
Ch any additional filing or gpplication processing fees required under 37 CFR 1.16 and 1.17.
ﬁ MP Dated: May 27, 2008
y/Agent Reg. No.: 54,4377\,
ROPES & GRAY LLP
One International Place
Boston, Massachusetts 02110
(617) 951-7066

| hereby certify that this paper (along with any paper referred to as being attached or enclosed) is being deposited with the U.S. Postal Service on
the date shown below with sufficient postage as First Class Mail, in an envelope addressed to: MS Amendment, Commissioner for Patents, P.O.

Box 1450, Alexandria, VA 22313-1450. WW}W)
5’9'7’ 0? Signature:
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A QW sufficient postage as First Class Mail, in an envelope addressed to:
¥ Amendment, Commissioner for Patents, P.O. Box 1450, Alexandria, VA
22313-1450, on the date shown below. W Docket NO . BBNT-POI -238
Dated: 5 - Q?'O ? Signature: %/\ (PATENT)

(Mary@jirphy) |

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Jerry D. Burchfiel

Application No.: 10/689,763 Confirmation No.: 6023
Filed: October 22, 2003 Art Unit: 2618
For: SPECTRUM-ADAPTIVE NETWORKING Examiner: Tuan A. Tran

AMENDMENT IN RESPONSE TO NON-FINAL OFFICE ACTION

MS Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:
INTRODUCTORY COMMENTS

" Inresponse to the Office Action dated February 26, 2008, please amend the above-identified

U.S. patent application as follows:

Amendments to the Claims are reflected in the listing of claims which begins on page 2 of

this paper.

Remarks/Arguments begin on page 6 of this paper.
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Application No. 10/689,763 Docket No.: BBNT-P01-238
Amendment dated May 27, 2008
Reply to Office Action of February 26, 2008

AMENDMENTS TO THE CLAIMS

1. (Original) A method for managing interference in a radio communications network,
comprising the steps-of:
receiving an aggregated radio signal at a first node in the radio communications

network on a plurality of frequencies;

determining a power level for the aggregated radio signal for each frequency in the
plurality frequencies;

subtracting the power level for each the frequency from a power limit to produce a

power differentials for thee each frequency; and

instructing a second node in the radio communications network to avoid using a
transmission frequency corresponding to a non-positive power differential in the plurality of power

differentials to transmit to the first node.

2. (Original) The method of claim 1, further comprising the steps of: receiving a
transmission from the second node in the radio communications network; and discarding any

portion of the transmission carried on the transmission frequency.

3. (Original) The method of claim 1, wherein the step of determining a power level is

carried out by:

acquiring a plurality of instantaneous power level measurements for each the
frequency; and
calculating an average power level based on the plurality of instantaneous power

level measurements.

4. (Original) The method of claim 1, wherein the step of determining a power level is

carried out by:

acquiring a plurality of instantaneous power level measurements for the each

frequency; and
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Application No. 10/689,763 Docket No.: BBNT-P01-238

Amendment dated May 27, 2008
Reply to Office Action of February 26, 2008

calculating a median power level based on the plurality of instantancous power level

measurements.

5. (Original) The method of claim 2, wherein the discarding step comprises applying a

filter to the transmission.

6. (Original) The method of claim 1, further comprising the step of: sending to the
second node a request to adjust a transmission power level on a frequency corresponding to a

positive power differential in the plurality of power differentials.

7. (Original) The method of claim 1, further comprising the step of: instructing a
plurality of other nodes in the radio communications network to avoid using the transmission

frequency to transmit information to the first node.

8. (Original) The method of claim 7, further comprising the steps of:
receiving a transmission from one of the plurality of other nodes; and
discarding any portion of the second transmission carried on a frequency

corresponding to a non-positive power differential in the plurality of power.

9. (Original) The method of claim 8, further comprising the step of: sending to the one
of the plurality of other nodes a request to adjust a transmit power level on a frequency

corresponding to a positive power differential in the plurality of power differentials.

10.  (Original) The method of claim 1, further comprising the steps of:
determining an updated power level for the aggregated radio signal for each
frequency in the plurality frequencies;
subtracting the updated power level for each the frequency from the power limit to

produce a plurality of updated power differentials; and
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Application No. 10/689,763 Docket No.: BBNT-P01-238
Amendment dated May 27, 2008
Reply to Office Action of February 26, 2008

instructing the second node to avoid transmitting to the first node on a frequency
corresponding to a non-positive updated power differential in the plurality of updated power

differentials.

11.  (Original) The method of claim 1, further comprising the steps of:
generating an optimal waveform profile based on the plurality of power differentials;

and

reporting the optimal waveform profile to the second node.

12.  (Original) The method of claim 11, wherein the reporting step is carried out using a

common network configuration channel.

13.  (Original) The method of claim 11, further comprising the step of compressing the

optimal waveform profile prior to performing the reporting step.

14.  (Original) The method of claim 11, wherein the optimal waveform profile specifies a

waveform pattern.

15. (Original) The method of claim 14, wherein the waveform pattern defines a

transmission signal having a power spectral density that varies over time.

16.  (Original) The method of claim 14, further comprising the steps of:

generating a second optimal waveform profile based on the plurality of power

differentials; and
reporting the second optimal waveform profile to a third node in the radio
communications network; wherein the second optimal waveform profile specifies a second

waveform pattern that is orthogonal to the waveform pattern.

17. (Cancelled)
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Application No. 10/689,763 Docket No.: BBNT-P01-238
Amendment dated May 27, 2008
Reply to Office Action of February 26, 2008

18. (Cancelled)

19.  (Original) The method of claim 1, wherein the plurality of frequencies comprises all

of the frequencies in a radio frequency band.

20. (Original) The method of claim 1, further comprising the steps of: associating a
unique pattern with the second node; and determining whether the transmission contains the unique

pattern.

21. (Original) A method for managing interference in a radio communications network,

comprising the steps of:

receiving at a first node in the radio communications network an instruction
transmitted from a second node in the radio communications network to avoid using a plurality of

frequencies to transmit to the second node;

filtering a transmission signal to remove power from the transmission signal at each
frequency in the plurality of frequencies; and

transmitting the transmission signal to the second node.

22.  (Original) The method of claim 21, further comprising the steps of:
receiving an optimal waveform profile from the second node, the optimal waveform
profile being based on a plurality of power measurements for the plurality of frequencies and a
power limit; and
conforming the transmission signal to the optimal waveform profile prior to

performing the transmitting step.

23. (Original) The method of claim 22, further comprising the step of decompressing the

optimal waveform profile prior to performing the conforming step.

24-97. (Cancelled)
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Application No. 10/689,763 Docket No.: BBNT-P01-238

Amendment dated May 27, 2008
Reply to Office Action of February 26, 2008

REMARKS

Claims 1-97 are pending in this application, of which claims 26-97 are withdrawn. In the
non-final Office Action, the Examiner rejects claims 17, 18, 24, and 25 under 35 U.S.C. § 112,
second paragraph as being indefinite but indicates that these claims are allowable if rewritten to

overcome the indefiniteness, and allows claims 1-16 and 19-23.

While Applicant traverses this rejection, to move prosecution forward, Applicant cancels
claims 17, 18, and 24-97 without prejudice or disclaimer of the subject matter thereof. Thus, only

original allowed claims 1-16 and 19-23 remain pending.

Because only allowed claims remain, Applicant respectfully requests that the Examiner issue

a notice of allowance on the pending claims.

Applicant believes no fee is due with this response. However, if any other fees are due in
connection with the filing of this Response, please charge our Deposit Account No. 18-1945, under

Order No. BBNT-P01-238 from which the undersigned is authorized to draw.

Dated: May 27, 2008 Respectfully subpnitted,
By ﬁ//‘%
Ec;v?{aﬁ A. Gordon, Esq. "

egistration No.: 54,130

ROPES & GRAY LLP
One International Place
Boston, Massachusetts 02110-2624
(617) 951-7000

(617) 951-7050 (Fax)
Attorneys/Agents For Applicant
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Approved for use through 1/31/2007. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

* 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”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.

PATENT APPLICATION FEE DETERMINATION RECORD | Application or Docket Number | Filing Date
Substitute for Form PTO-875 10/689,763 10/22/2003 I:l To be Mailed
APPLICATION AS FILED — PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY [] OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE ($) FEE ($)
L Basic Fee N/A N/A N/A N/A
(37 CFR1.16(a). (b). or (c))
[ seARcH FEE
(37 CFR1.16(. (). or (m) N/A N/A N/A N/A
|:| EXAMINATION FEE
(37 CFR 1.16(0), (p), or (q)) N/A N/A N/A N/A
é?%ﬁLREL'I'%I(,I\;I)S minus20= | * X$ = ORI X3 =
INDEPENDENT CLAIMS . N _ -
(37 CFR 1.16(h)) minus 3 = X$ = X$ =
If the specification and drawings exceed 100
sheets of paper, the application size fee due
] pap: pp
A?’F;PCLF'(&TJSN SIZE FEE is $250 ($125 for small entity) for each
( 16(s) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
[ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()))
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED — PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
- 05/29/2008 | Arrer PREVIOUSLY EXTRA RATE () | Fee $) RATE ($) FEE ($)
E AMENDMENT PAID FOR
E Total 7 cFr « 21 Minus | = 97 =0 Xs$ = oR | x s50= 0
E '2;’2‘;2”1‘??6?}1)) x D Minus | 8 =0 X$ = OR | x s$210= 0
<§E l:l Application Size Fee (37 CFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL TOTAL
ADD'L OR ADDL 0
FEE FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY EXTRA RATE () | Fee $) RATE ($) FEE ($)
— AMENDMENT PAID FOR
Z | 1o erem . Minus | * = xs = oR [ xs =
2 e, |- Minus | - - xs = oR [xs =
E D Application Size Fee (37 CFR 1.16(s))
=
< |:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL TOTAL
ADD’L OR ADDL
FEE FEE

Legal Instrument Examiner:
/JACQULYN L. WILLIAMS/

The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to

process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,

preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you

require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.

Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspla.gov

APPL]CAT]ON NO. | FILING DATE I FIRST NAMED INVENTOR ’ I ATTORNEY DOCKET NO. CONFIRMATION NO. ]
10/689,763 10/22/2003 Jerry D. Burchfiel . BBNT-P01-238 6023
28120 7590 02/26/2008
ROPES & GRAY LLP | EXAMINER ]
PATENT DOCKETING 39/41 TRAN, TUAN A
ONE INTERNATIONAL PLACE
BOSTON, MA 02110-2624 [ arTune | apernuMBeR |
2618 ’
| MAIL DATE I DELIVERY MODE I
02/26/2008 PAPER

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.
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Application No. Applicant(s)

10/689,763 BURCHFIEL, JERRY D.
Office Action Summary . Examiner ArtUnit

Tuan A. Tran 2618

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address -~
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1 Responsive to communication(s) filed on 19 November 2007.
2a)[] This action is FINAL. 2b)X] This action is non-final.
3)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X] Claim(s) 1-97 is/are pending in the application.
4a) Of the above claim(s) 26-97 is/are withdrawn from consideration.
5)[X] Claim(s) 1-16 and 19-23 is/are allowed.
6)X Claim(s) 17.18.24 and 25 is/are rejected.
7)J Claim(s) _____is/are objected to.
8)[L] Claim(s) ____ are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[_] The drawing(s) filedon _____is/are: a)[[] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[_] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[C] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)JAI  b)[J Some * ¢c)[] None of:
1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.[] Copiesof the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) X Notice of References Cited (PTO-892) 4) [J Interview Summary (PTO-413)
2) [[] Notice of Draftsperson’s Patent Drawing Review (PT0O-948) Paper No(s)/Mail Date. __
3) X Information Disclosure Statement(s) (PTO/SB/08) 5) ] Notice of Informal Patent Application
Paper No(s)/Mail Date . 6) D Other:
U.S. Patert and Trademark Office .
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No. /Manl Da f\e 20080219
age 3 166



Application/Control Number: Page 2
10/689,763
Art Unit: 2618

DETAILED ACTION
Claim Rejections - 35 USC § 112

The following is a quotation of the second paragraph of 35 U.S.C. 112:

The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

Claims 17-18 and 24-25 are rejected under 35 U.S.C. 112, second paragraph, as
being indefinite for failing to particularly point out and distinctly claim the subject matter
which applicant regards as the inventioh.

The terms "a rﬁle-making body" or “an industry standard” in claims 17-18 and 24-
25 is a relative term which renders the claim indefinite. The term “a rule-making body”
or “an industry standard” is not defined by the claim, the specification does not provide a
standard for ascertaining the requisite degree, and one oonrdinary skill in the art would
not be reasonably apprised of the scope of the invention. |

Allowable Subject Matter

Claims 1-16 and 19-23 are allowed.

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

None of cited prior arts of record discloses a method for managing interference in
a radio communication network, comprising the steps of: receiving at a first node in the
radio communication network an instruction transmitted from a second node in the radio
communication neMork to avoid using a plurality of frequencies to transmit to the
second node, wherein the instruction is generated as specified in claim 1; filtering a

transmission signal to remove power from the transmission signal at each frequency in
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Application/Control Number: Page 3
10/689,763
Art Unit; 2618

the plurality of frequencies; and transmitting the transmission signal to the second node
as specified in claim 21.

Claim17-18 and 24-25 would be allowable if rewritten to overcome the
rejection(s) under 35 U.S.C. 112, 2nd paragraph, set forth in this Office action and to
include all of the limitations of the base claim and any intervening claims.

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

USPAT (6,850,739/6,438,358/6,587,673/6,807,399/6,567,648/6,600,911).

Conclusion |

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Tuan A. Tran whose telephone number is (671) 272-
7858. The examiner can normally be reached on Mon-Fri, 10:00AM-6:30PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Matthew Anderson can be reached on (571) 272-4177. The fax phone
number for the organization where this application or proceeding is assigned is 571-

273-8300.
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Application/Control Number: Page 4
10/689,763
Art Unit: 2618

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

o —

Tuan Tran
AU 2618
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U.S. Patent and Trademark Office; U. S. DEPARTMENT OF COMMERCE
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e ] Application Number 10/689763
[ INFORMATION DISCLOSURE  [ringosts October 22, 2003

STATEMENT BY APPLICANT  |FistNamedinvenor  |Jerry D. Burchfiel
At Unit 2681
(Use as many sheets as necessary) Examiner Namo Not Yet Assigned
sheet 1 | of | 1 Attomey Docket Number |02-4099 (BBNT-P01-238)
U.S. PATENT DOCUMENTS
Document Number . Pages, Columns, Lines, Where
Examin Pubfication Date N of Patentee o
tnlﬁals'er Soue' Number-Kind Code? ( #known) | MM-DD-YYYY Applicaar:?of Cited Do?:m:'nent Relevm't:mﬁp:z{ebvam
JTTAAA |US-2002/0022484 - [02-21-2002 |Dickey, Sergey L.
[TT/IAB [US-2002/0022495 02-21-2002 |Choi et al.
FOREIGN PATENT DOCUMENTS
Exami Cite Foreign Patent Oocument Put;l:'a:on Name of Patentee or v;:ag:s’.‘&fi:mmp.!m! sag o
Intias’ | No.' | Country Code®NumberKind Code® (7 known) | MM-DD-YYYY Applicant of Cited Dx t | or Relovant Figures Agpoar | ©

*EXAMINER: Inltial If reference considered, whather or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
considered. Inctude copy of this form with next communication to appticant. **CITE NO.: Those patent(s) or publication(s) which are marked with an double
asterisk (*°) next to the Cite No. are not supplied because they were pleviousfy cited by or submined to the Office in 2 prior application relied upon in this
application for an earfier filing date undar 35 U.S.C. 120. ' Applicant’s unique citation desigl ? Sge Kinds Codes of USPTO Patent
Oocuments at www.usplo.aoy or MPEP 801.04. > Enter Office that issued the document, by the two-etter code (WIPO Standard ST.3). * For Japanese patent
documents, the Indication of the year of the reign of the Emparor must precede the serial number of the patent 3Kind of d by the approp

symbois as indicated on the document under WIPO Standard ST.16 if possibl: °A,," is to place a check mark here if English languag lation is

attached.

NON PATENT LITERATURE DOCUMENTS

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book,
magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city
and/or country where published.

Cite
No.!

Examiner
Initials

with MPEP 603. Draw line threugh citation if not in conformance and not

*EXAMINER: Initial if ref or not citation is In confk
considered. Include copy of this form with nexl communication to applicant.

tis to place a check mark here if English language Translation is attached.

25 Anli

\Op Uy

‘Applicant's unique citation designation

Sy [Tuan Tran/ Coidered 02/19/2008
8466076
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hereby certify that this correspondence is being deposited with the U.S. Postal
ervice with sufficient postage as First Class Mail, in an envelope addressed to:
S Amendment, Commissioner for Patents, P.O. Box 1450, Alexandria, VA

2313-1450, on the date shown below. Docket NO.Z BBNT_PO 1 _23 8
7" Dated: November 15, 2007 Signature: %M /2'1&1‘\ (PATENT)
> Wnne Ryan) /

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Jerry D. Burchfiel

Application No.: 10/689763 Confirmation No.: 6023
Filed: October 22, 2003 Art Unit: 2618
For: SPECTRUM-ADAPTIVE NETWORKING Examiner: Tuan A. Tran

RESPONSE TO RESTRICTION REQUIREMENT

MS Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

In response to the restriction requirement set forth in the Office Action dated October 10,
2007 requiring election of a single disclosed invention, Applicant hereby elects claims 1-25,
corresponding to the Examiner's invention Group I, without traverse for continued examination.
The time period for response has been extended to December 10, 2007, by the accompanying

petition for a one-month extension of time.

The Examiner has required election, pursuant to 35 U.S.C. § 121, of one of the following

inventions:

Group I, including claims 1-25 and allegedly drawn to a method for managing
interference in a radio communication network, classified in class 455, subclass

69;

Group II, including claims 26-31 and allegedly drawn to a method of managing

interference in a communication network, classified in class 455, subclass 450;
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Application No.: 10/689,763 Docket No.: BBNT-P01-238
Response dated November __, 2007
Group III, including claims 32-42 and allegedly drawn to a radio communication

device, classified in class 455, subclass 226.1;

Group IV, including claims 43-82 and allegedly drawn to a method of managing

co-sire interference in a wireless network, classified in class 455, subclass 63.1;

Group V, including claims 83-86 and allegedly drawn to a wireless network,

classified in class 455, subclass 41.2;

Group VI, including claims 87-90 and allegedly drawn to a radio communication

device, classified in class 455, subclass 561; and

Group VII, including claims 91-97 and allegedly drawn to a wireless

communication network, classified in class 455, subclass 445.

(See Restriction Requirement, pp. 2-3). The Examiner has stated that invention Groups I-VII are

related as subcombinations that are distinct from each other.

Applicants believe no fee is due with this response other than as reflected on the attached
Petition for Extension of Time. However, if there are any other fees due in connection with the
filing of this Response, please charge our Deposit Account No. 18-1945, under Order No.
BBNT-P01-238 from which the undersigned is authorized to draw.

Dated: November 15, 2007 Resp 11y submitted,

s LA
Edfard A. Gordon, Esq. D
Registration No.: 54,130
OPES & GRAY LLP
One International Place
Boston, Massachusetts 02110-2624
(617) 951-7000
(617) 951-7050 (Fax)
Attorneys/Agents For Applicant
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PTO/SB/22 (10-07) )
Approved for use through 10/31/2007. OMB 0651-0031 7

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless if displays a valid OMB control number.

’

PETITION FOR EXTENSION OF TIME UNDER 37 CFR 1.136(a) | Docket Number (Optional) .
FY 2006 BBNT-P01-238
(Fees pursuant to the Consolidated Appropriations Act, 2005 (H.R. 4818).) . .
Application Number 10/689,763 Filed October 22, 2003

For SPECTRUM-ADAPTIVE NETWORKING

AtUnit 2618 | Examiner T.A. Tran

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a reply in the above identified
application.

The requested extension and fee are as follows (check time period desired and enter the appropriate fee below):

Fee Small Entity Fee
One month (37 CFR 1.17(a)(1.)) $120 $60 $ 120.00
D Two months (37 CFR 1.17(a)(2)) $460 $230 $
D Three months (37 CFR 1.17(a)(3)) $1050 $525 $
l:] Four months (37 CFR 1.17(a)(4)) $1640 $820 $
D Five months (37 CFR 1.17(a)(5)) $2230 $1115 $

I:I Applicant claims small entity status. See 37 CFR 1.27.

D A check in the amount of the fee is enclosed.

D Payment by credit card. Form PTO-2038 is attached.

The Director has already been authorized to charge fees in this application to a Deposit Account.

E The Director is hereby authorized to charge any fees which may be required, or credit any overpayment, to
Deposit Account Number 18-1945 | have enclosed a duplicate copy of this sheet.

WARNING: Information on this form may become public. Credit card information should not be included on this form.
Provide credit card information and authorization on PTO-2038.

'am the D applicant/inventor.

assignee of record of the entire interest. See 37 CFR 3.71.
Statement under 37 CFR 3.73(b) is enclosed. (Form PTO/SB/96).

attorney or agent of record. Registration Number 54,130
D attorney gr agent under 37 CFR 1.34.
/{ Regjétration number if acting under 37 CFR 1.34
” ﬂ I November 15, 2007
/ Sighature Date
Edward A. Gordon (617) 951-7066

Typed or printed name Telephone Number 2

™

o

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit muitiple forms if more g

than one signature is required, see below. 2

/I

Total of * | 1 forms are submitted. w

o

=

-
T =
=]
8 o
g =
| hereby certify that this paper (along with any paper referred to as being attached or enclosed) is being deposited with the U.S. Postal Service on = 8
the date shown below with sufficient postage as First Class Mail, in an envelope addressed to: MS Amendment, Commissioner for Patents, P.O. -

Box 1450, Alexandria, VA 22313-1450.

Dated: [/ //5/0 7' Signature: %”‘( 2(/4«\ (Joanne Ryan)
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0. Box 1450

Alexandria, Virginia 22313-1450

WWW,USPL.gov

l APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. I CONFIRMATION NO. |
10/689,763 10/22/2003 Jerry D. Burchfiel BBNT-P01-238 6023
28120 7590 10/10/2007
ROPES & GRAY LLP | EXAMINER |
PATENT DOCKETING 39/41 TRAN, TUAN A
ONE INTERNATIONAL PLACE s
BOSTON, MA 02110-2624 , | arTunt | pareRNumBER |

2618
I MAIL DATE l DELIVERY MODE I
10/10/2007 PAPER

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.
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Application No. Applicant(s)

10/689,763 BURCHFIEL, JERRY D.
Office Action Summary Examiner Art Unit

Tuan A. Tran | 2618

- The MAILING DATE of this communication appears on the cover sheet with the correspondence address —
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 1 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- It NO period for reply is specified above, the maximum statutory period will apply and will expire S1X (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1) Responsive to communication(s) filed on 22 October 2003.
2a)[] This action is FINAL. 2b)[] This action is non-final.
3)(0J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X Claim(s) 1-97 is/are pending in the application.
4a) Of the above claim(s) is/are withdrawn from consideration.

5[ Claim(s) is/are allowed.
6)[J Ciaim(s) is/are rejected.
7)[Q Claim(s) is/are objected to.

8)X Claim(s) 1-97 are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[] The drawing(s) filed on is/are: a)[] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[J The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)lJAIl b)[] Some * ¢)[] None of:
1.0 Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No. ___
3.1 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)). _
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) D Notice of References Cited (PTO-892) 4) [:l Interview Summary (PTO-413)

2) [ Notice of Draftsperson's Patent Drawing Review (PT0-948) Paper No(s)/Mail Date. ______ .

3) [J Information Disclosure Statement(s) (PTO/SB/08) 5) [] Notice of Informal Patent Application

Paper No(s)/Mail Date 6) ] Other:

U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of mgé‘lg]_ﬁ’\a&Paiwwwm



Application/Control Number: 10/689,763 . Page 2
Art Unit: 2618

DETAILED ACTION

Election/Restrictions

1. Restriction to one of the following inventions is required under 35 U.S.C. 121:

Claims 1-25, drawn to a method for managing interference in a radio
communication network comprising the step of instructing, by a first node,
a second node in the network to avoid using transmission frequency
corresponding to a non-positive power differential in a plurality of power
differentials to transmit to the first node, classified in class 455, subclass
69.

Claims 26-31, drawn to a method of managing interference in a
communication network comprising the steps of: dividing a multiplicity of
nodes into a plurality of node clusters; éssigning a unique receiving
frequency to each node in at least one of the node cluster; and assigning
a unique transmission frequency to each antenna in the set of antennas
attached to a first node in the at least one node cluster, classified in class
455, subclass 450.

Claims 32-42, drawn to a radio communication device comprising a
receiver and a receiver, coupled to the receiver, configured to detect in the
aggregated radio signal a transmission signal addressed to the radio
communication device and to discard any portion of the transmission

signal carried on a frequency corresponding to an unacceptable
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Application/Control Number: 10/689,763 Page 3
Art Unit: 2618 -

VI

VII.

transmission frequency in the set of unacceptable transmission frequency,
classified in class 455, subclass 226.1.

Claims 43-82, drawn to a method of managing co-sire interference in a
wireless network comprising' the step of identifying a subset of nodes
within a multiplicity of nodes, wherein each node in the subset is capable
of transmitting data to each other node in the subset in accordance with a
connectivity threshold and using a power setting that falls within a low
power range, classified in class 455, subclass 63.1.

Claims 83-86, drawn to a wireless network comprising the step of select a
node in a cluster to act a long-range transmission manager, wherein the
long-range transmission manager is configured to permit only one

member of the cluster at a time to transmit using any power setting that

falls outside the low power range, classified in class 455, subclass 41.2.

Claims 87-90, drawn to a radio communication device comprising a MAC
controller configured to receive a piurality of request from a multiplicity of
other radio- communication devices to trahsmit a power that falls within a
high power range, classified in class 455, subclass 561.

Claims 91-97, drawn to a wireless communication network comprising a
multiplicity of nodes and configured to transmit a data stream along a
route from a source node to a destination node in the network according to

a routing protocol, classified in class 455, subclass 445.
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Art Unit: 2618

2. The inventions are distinct, each from the other because of the following reasons:

3. Inventions [l] to [VII] are related as subcombinations diéclosed as usable together

in a single combination. The subcombinations are distinct from each other if they
_are shown to be separately usable. In the instant case, invention [I] has separate

utility such as the step of instructing, by a first node, a second node in the
network to avoid using transmission frequency corresponding to a non-positive
power differential ina plurality of power differentials to transmit to the first node
or invention [ll] has separate utility such as dividing a mutltiplicity of nodes into a
plurality of node clusters; assigning a unique receiving frequency to each node in
at least one of the node cluster; and assigning a unique transmission frequency
to each antenna in the set of antennas attached to a first node in the at least one
node cluster or each of the invention [lll] to invention [VII] has separate utility as

specified above. See MPEP § 806.05(d).

4. Because these inventions are distinct for the reasons given above and have
acquired a separate status in the art because of their recognized divergent

subject matter, restriction for examination purposes as indicated is proper.
5. Applicant is reminded that upon the cancellation of claims to a non-elected

invention, the inventorship must be amended in compliance with 37 CFR 1.48(b)

if one or more of the currently named inventors is no longer an inventor of at
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Application/Control Number: 10/689,763 Page 5
Art Unit: 2618 ‘

least one claim remaining in the application. Any amendment of inventorship
must be accompanied by a request under 37 CFR 1.48(b) and by the fee

required under 37 CFR 1.17(i).

6. Applicant is advised that the response to this requirement to be complete must
include an election of the invention to be examined even through the requirement
be traversed. |

Conclusion
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Tuan A. Tran whose telephone number is (571) 272-
7858. The examiner can normally be reached on Mon-Fri, 10:00AM-6:30PM.
If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Matthew Anderson can be reached on (571) 272-4177. 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 (toIl-free). If you would like assistance from a
USPTO Customer Service Representative or access to the éutomated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

o
Tuan Tran
AU 2618
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hereby certify that this comespondence is being deposited with the U.S. Postal
/Service with sufficient postage as First Class Mail, in an envelope addressed to:

Commissioner for Patents, P.O. Box 1450, Alexahdria, VA 22313-1450, on the
7’| date shown below., ( Docket No.: BBNT-P01-238
Dated: Signature: (PATENT)
(Dawn Class)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Jerry D. Burchfiel

Application No.: 10/689763 Group Art Unit: 2681
Filed: October 22, 2003 Examiner: Not Yet Assigned

For: SPECTRUM-ADAPTIVE NETWORKING

CHANGE OF ATTORNEY DOCKET NUMBER

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Sir:

Please note that the Attorney Docket Number has been changed from 02-4099 to BBNT-
P01-238. Please reference BBNT-P01-238 on all future correspondence.

Applicant believes no fee is due with this response. However, if a fee is due, please
charge our Deposit Account No. 18-1945, under Order No. BBNT-P01-238 from which the

undersigned is authorized to draw.

Dated: j// ?/0{ ~ Respectfully submitted,

W 7

Corey Scott
Regjbtration No.: 56,245
&

ROPE GRAY LLP
One International Place
Boston, Massachusetts 02110-2624

(617) 951-7000
(617) 951-7050 (Fax)
Attorneys/Agents For Applicant

9656220-1
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O Y hereby certify that this comespondence is being deposited with the U.S. Postal
v Bervice with sufficient postage as First Class Mail, in an envelope addressed to:
VCommissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450, on the date

shown below. Docket No.: (BBNT-P01-238) 02-4099

Dated: _September 14, 2004__ MM (PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of;
Burchfiel, Jerry D.

)
Application No.: 10/689763
Filed: 10/22/2003 Art Unit:
For: Spectrum-adaptive networking Examiner:
NEW POWER OF ATTORNEY
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Dear Sir:

Pursuant to the attached “Power of Attorney to Prosecute Applications Before the
USPTO?”, signed by an individual having signature authority for the Assignee (BBNT Solutions
LLC) of the above-referenced application, Assignee has granted the following attorneys and
agents:

All practitioners at Customer Number 28120
power of attorney to prosecute the above-referenced application before the USPTO.
Dated: September 14, 2004 Respectfully submitted,

By W
Edwz@ A. Gordon
Registration No.: 54,130
ROPES & GRAY LLP
One International Place
- Boston, Massachusetts 02110-2624
(617) 951-7000
(617) 951-7050 (Fax)
Attorneys/Agents For Applicant
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{347) 873.3000

Présidant sl ) Teiaphoro _
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A CHANGE OF

Application Number 10/689763
CORRESPONDENCE ADDRESS 10/22/2003
Lo Filing Date
Application Burchfiel, Jerry D.
First Named Inventor
Addressto: Commissioner for Patents N/A
P.O. Box 1450 Art Unit

Alexandria, VA 22313-1450
Examiner Name

BBNT-P01-238

Attomey Docket No.

Please change the Correspondence Address for the above-identified application to:

Customer Number: 28120
OR
Firm or Edward J. Kelly
Individual Name ROPES & GRAY LLP
Address One International Place
City Boston - ftate T MA IZip |021 10-2624
Country us
Telephone (617) 951-7000 |Fax | (617) 951-7050

This form cannot be used to change the data associated with a Customer Number. To change the
data associated with an existing Customer Number use “Request for Customer Number Data
Change” (PTO/SB/124).

| am the:
D Applicant/Inventor

D Assignee of record of the entire interest. :
Statement under 37 CFR 3.73(b) is enclosed. (Form PTO/SB/96).

Attorney or Agent of record. Registration Number 54,130

I:l Registered practitioner named in the application transmittal letter in an application
without an executed oath or declaration. See 37 CFR 1.33(a)(1). Registration Number

Typed or Printed Edward A. Gordon
Name

Signature M g e

Date September 14, 2004

Telephone (617) 951-7066

NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple
forms if more than one signature is required, see below*. .

- D *Total of 1 forms are submitted.

| hereby certify that this correspondence is being deposited with the U.S. Postal Service with sufficient postage as First Class Mail,
in an envelope addressed to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450, on the date shown below.

Dated: September 14, 2004 www
Ryan)
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ice with sufficient postage as First Class Mail, in an envelope addressed to:
missioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450, on the date

own below. Docket No.: (BBNT-P01-238) 02-4099
Dated: __September 14, 2004__ MM (PATENT)
T

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

2

2,
%,
28 rapedS

In re Patent Application of:
Burchfiel, Jerry D.

Application No.: 10/689763
Filed: 10/22/2003

For: Spectrum-adaptive networking

CHANGE OF ATTORNEY DOCKET NUMBER

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Sir:

Please note that the Attorney Docket Number has been changed from 02-4099 to BBNT-
P01-238. Please reference BBNT-P01-238 on all future correspondence.

Applicant believes no fee is due with this response. However, if a fee is due, please
charge our Deposit Account No. 18-1945, under Order No. BBNT-P01-238 from which the
undersigned is authorized to draw.

Dated: September 14, 2004 Respectfully submitted,

y Lol

Gordon
Registration No.: 54,130
ROPES & GRAY LLP
One International Place
Boston, Massachusetts 02110-2624
(617) 951-7000
. (617) 951-7050 (Fax)
. Attorneys/Agents For Applicant
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Approved for use through 07/31/2006. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
pond to a collection of information unless it displays a valid OMB control number.

FORM

(to be used for all correspondence after initial filing)

Application Number 10/689763

TRANSMITTAL Filing Date October 22, 2003

First Named Inventor

Jerry D. Burchfiel

Art Unit 2681

Examiner Name Not Yet Assigned

Total Number of Pages in This Submission 9

Attorney Docket Number

02-4099 (BBNT-P01-238)

ENCLOSURES (Check all that apply)

D Fee Transmittal Form

EI Fee Attached

D Amendment/Reply

D After Final

D Affidavits/declaration(s)
[:I Extension of Time Request
D Express Abandonment Request

Information Disclosure Statement
Certified Copy of Priority
Document(s)

Response to Missing Parts/
Incomplete Application

Response to Missing Parts
under 37 CFR 1.52 or 1.53

Drawina(s After Allowance communication

I:] 9() to Technology Center (TC)

D Licensing-related Papers Appeal Communication to Board of
Appeals and Interferences

" Appeal Communication to TC
D Petition (Appeal Notice,

Petition to Convert to a D Proprietary Information

Provisional Application

Power of Attorney, Revocation D
Change of Correspondence Address Status Letter

I_—_] Terminal Disclaimer Other Enclosure(s) (please

Identify below):

D Request for Refund

D CD, Number of CD(s)

Brief, Reply Brief)

I Remarks l

Form PTO/SB/08; copy of International Search Report; return

receipt postcard

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Individual name

Firm ROPES & GRAY LLP
or Edward A. Gordon - 54,130

Date June 11, 2004

Vi £
Signature W ¢ L
V4 422

I hereby certify that this correspondence is being deposited with the U.S. Postal Service with sufficient postage as First Class Mail, in
an envelope addressed to: MS Amendment, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450, on the date

shown below.

Dated: (ﬂl// /0 ¢

Signature:

9466088.1

%/LL /Q(’/ o (Joanne Ryan)
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| hereby certify that this correspondence is being deposited with the U.S. Postal
Service with sufficient postage as First Class Mail, in an envelope addressed to:
MS Amendment, Commissioner for Patents, P.O. Box 1450, Alexandria, VA

22313-1450, on the date shown below. ! 2 Docket NO.: 02_4099 (BBNT-P01-238)
Dated: é z'[[ Z % Signature: @M Q«. (PATENT)

(Joanne Ryan) |

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Jerry D. Burchfiel

Application No.: 10/689763 Confirmation No.: 6023
Filed: October 22, 2003 Art Unit: 2681
For: SPECTRUM-ADAPTIVE NETWORKING Examiner: Not Yet Assigned

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT (IDS)

MS Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

In accordance with 37 CFR 1.97, Applicant(s) hereby make of record the following
additional documents. A PTO Form SB/08 accompany this statement.

Applicant(s) have become aware of the following documents, cited in an International
Search Report issued May 18, 2004, during the prosecution of international application no.
PCT/US03/33338, which corresponds to the above referenced application, and in accordance
with 37 CFR 1.97(c) and (e)(1) or (b)(3), hereby submit(s) these documents for the Examiner’s
consideration. These documents are cited on the enclosed PTO Form SB/08, and a copy of the

International Search Report is enclosed as well.

This statement is not to be interpreted as a representation that the cited documents are
material, that an exhaustive search has been conducted, or that no other relevant information
exists. Nor shall the citation of any document herein be construed per se as a representation that
such document is prior art. Moreover, Applicant(s) understand(s) the Examiner will make an

independent evaluation of the cited documents.

9466085.1
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Application No.: 10/689763 Docket No.: 02-4099 (BBNT-P01-238)

The undersigned hereby certifies that each item contained in this Supplemental
Information Disclosure Statement was 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
Supplemental Information Disclosure Statement. Furthermore, in accordance with 37 CFR
1.704(d), Applicant(s) note(s) that to our knowledge this communication was not received by

any individual designated in 1.156(c) more than thirty days prior to the filing of this statement.

The Director is hereby authorized to charge any deficiency in the fees filed, asserted to
be filed or which should have been filed herewith (or with any paper hereafter filed in this
application by this firm) to our Deposit Account No. 18-1945, under Order No. BBNT-P01-238.

Applicant believes no fee is due with this response. However, if a fee is due, please
charge our Deposit Account No. 18-1945, under Order No. BBNT-P01-238 from which the

undersigned is authorized to draw.

Dated: June 11, 2004 Respectfully subrpitted,
By W\

Edwa#d A. Gordon

Registration No.: 54,130
ROPES & GRAY LLP
One International Place
Boston, Massachusetts 02110-2624
(617) 951-7000
(617) 951-7050 (Fax)
Attorneys/Agents For Applicant

9466085.1
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Complete if Known

Application Number 10/689763

INFORMATION DISCLOSURE  |Fiing Date October 22, 2003
STATEMENT BY APPLICANT  [FistNamedinventor | Jerry D. Burchfiel

Q‘éb'stitute for form 1449A/B/PTO

Art Unit 2681
(Use as many sheets as necessary) Examiner Name Not Yet Assigne d
Sheet 1 of 1 Attomey Docket Number |02-4099 (BBNT-P01-238)

U.S. PATENT DOCUMENTS

- Pages, Columns, Lines, Where
Examiner | Cite Document Number Publication Date Name of Patentee or Regvant Passages or Relevant

Initials* No.! | Number-Kind Code ( #known) | MM-DD-YYYY Applicant of Cited Document Figures Appear

AA |US-2002/0022484 02-21-2002 |Dickey, Sergey L.

AB |US-2002/0022495 02-21-2002 |Choi et al.

FOREIGN PATENT DOCUMENTS

i Publication Pages, Columns, Lines,
Examiner Cite1 Foreign Patent Document Date Name of Patentee or Whegra Relevant Passages | 1o
Inifals* | No.' | Country Code®Number'-Kind Code® (knowr) | MM-DD-YYYY Applicant of Cited Document or Relevant Figures Appear

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant. **CITE NO.: Those patent(s) or publication(s) which are marked with an double
asterisk {**) next to the Cite No. are not supplied because they were prewously cited by or submitted to the Office in a prior application relied upon in this
application for an earlier filing date under 35 U.S.C. 120. ' Applicant's unique citation designation number (optional). * See Kinds Codes of USPTO Patent
Documents at www.uspto.gov or MPEP 901.04. *Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). *For Japanese patent
documents, the indication of the year of the reign of the Emperor must precede the senal number of the patent document. ® Kind of document by the appropriate
symbols as indicated on the document under WIPO Standard ST.16 if possible. Apphcant is to place a check mark here if English language Translation is
attached.

NON PATENT LITERATURE DOCUMENTS

Examiner | Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book,
Initials No.! magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city T
and/or country where published.

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant.

'Applicant's unique citation designation number (optional). *Applicant is to place a check mark here if English language Translation is attached.

Examiner Date

Signature Considered
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Attorney Docket No.

(Only for new nonprovisional applications under 37 CFR 1.53(b))

02-4099
UTILITY First Inventor Jerry D. Burchfiel
PATENT APPLICATION
’ TRANSMITTAL Title

SPECTRUM-ADAPTIVE NETWORKING

APPLICATION ELEMENTS

See MPEP chapter 600 conceming utility patent application contents.

MS Patent Application

Express Mail Label No. B '

r~. Commissioner for Patents
ADDRESS TO: P.O. Box 1450
_ Alexandria, VA 22313-1450

1. E Fee Transmittal Form (e.g., PTO/SB/17) 7. CD-ROM or CD-R in duplicate, large table or

| (Submit an original, and a duplicate for fee p ing) Computer Program (Appendix)

12 D Applicant claims small entity status. 8 Nucleotide and/or Amino Acid Sequence Submission
. See 37 CFR1.27. ) i i

13 Specification

(preferred arrangement set forth below)
- Descriptive title of the
- Cross Reference to Related Applications
- Statemnent Regarding Fed sponsored R & D
- Reference to sequencs listing, a table,
or a computer program listing appendix
- Background of the Invention
- Brief Summary of the Invention
- Brief Dascription of the Drawings (if filed)
- Detaited Description
- Claim(s)
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4, IZ| Drawing(s) (35 U.S.C. 113)

5. QOath or Declaration

[Total Sheets

(7]
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Copy from a prior application (37 CFR 1.63(d}))
(for continuation/divisional with. Box 18 completed)

i D DELETION OF INVENTOR(S)
Signed statement attached deleting inventor(s)
named in the prior application, ’
- see 37 CFR 1.63(d)(2) and 1.33(b).

[Total Sheets

a. - Newly executed (original or copy)
b.

R N2 . Appllcatxon Data Sheet See 37 CFR1.76

{Total Pages 1

(if applicable, all necessary)
Computer Readable Form (CRF)
b. ' Sbeciﬁcation Sequence Listing on:

CD-ROM or CD-R (2 copies); or iR D Paper
c.'D Statements verifying identity of above copies

ACCOMPANYING APPLICATION PARTS

16.

17.

Assignment Papers (cover sheet & document(s))

37 CFR 3.73(b) Statement

Power of
(when there is an assignee)

Attomey
English Translation Document {if applicable)

Information Disclosure
Statement (IDSYPTO-1449
Preliminary Amendment

Return Receipt Postcard (MPEP 503)
(Should be specifically itemized)
Certified Copy of Priority Document(s)
(if foreign priority is claimed)

Nonpublication Request under 35 U.S.C. 122 (b}(2)(B)(i).
Applicant must attach form PTO/SB/35 or its equivalent
Other:

Copies of IDS
Citations

I

Continuation Divisional

Prior appllcatron information: Examiner

18. 'If a CONTINUING APPLICATION, check appropriate box, and supply the requls:te mformatron below and.in the first sentence of the
specification following the title, or in an Application Data Sheet under 37.CFR 1.76:

Continuation-in-part (CIP)

of prior application No.:

Art-Unit: o
For CONTINUATION OR DIVISIONAL APPS only: The entire disclosure of the prlor application, from which an oath or declaration Is supplied
under Box 5b, is considered a part of the disclosure of the p or divisional application and is hereby incorporated by
reference. The incorporation can only be relied upon when a portion has been Inadvertently omitted from the submitted application parts.
! ) 19. CORRESPONDENCE ADDRESS
. Customer Number: l 3 ' 32127 “OR |:| Corres‘pondenoe address below
A name Leonard C. Suchyta
c/o Christian Anderson
; Address Verizon Corporate Services Group Inc.
1 600 Hidden Ridge, HQE03H01
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| Country USA o Telephone | (781) 466-2220 ] Fax _ ]
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Date
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SUBTOTAL (2) [($) 1,616.00 | | ‘Reduced by Basic Filing Fee Paid SUBTOTAL (3) [($) 40.00
**or number previously paid, if greater; For Reissues, see above .
SUBMITTED BY i (Complete (if applicable))
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(PATENT)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Patent Application of:
Jerry D. Burchfiel
Application No.: Not Yet Assigned " Group Art Unit: N/A
Filed: October 22, 2003 " Examiner: Not Yet Assigned

For: SPECTRUM-ADAPTIVE NETWORKING

TRANSMITTAL LETTERi

MS Patent Application
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

Enclosed are the following items for filing in connection with the above-referenced

Patent Abplicaﬁon:
1. Fee Transmittal;
2. Utility Patent Application Transmittal;
3. Appli;:atiori,Data Sheet;

4. Utility application comprising: 51 pages of description; 15 pages of claims (97
claims); a one page abstract; and 19 sheets of drawings (Figs. 1-19);

5. Declaration and Power of Attorney for Patent Application;
6. Recordation Form Cover Sheet;

7. Assignment to BBNT Solutions LLC;
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Application No.: Not Yet Assigned 2 Docket Nd:: 02-4099

8. Information Disclosure Statement;
9. Form PTO/SB/08a/b;
10. Three cited documents;

11. Check Nd. 319314 for $2,626.00 to cover:
$770.00 basic filing fee;
$1,816.00 additional claims fee;
$40.00 assignment recordation fee; and

12. Two return receipt postcards.

The Director is hereby authorized to.charge any deficiency in the fees filed, asserted
to be filed or which should have been filed herewith (or with any paper hereafter filed in this
application by this firm) to our Deposit Account No. 50-0740, under Order No. 02-4099. A

duplicate copy of this paper is enclosed.

It is not believed that extensions of time or fees for-net addition of claims are required
beyond those that may otherwise be provided for in documents accompanying this paper.
However, if additional extensions of time are ﬁecessary to prevent abandonment of this .
application, then such extensions of time are hereby petitioned under 37 C.F.R. § 1.136(a), and
any fees required therefor (including fees for net addition of claims) are hereby authorized to be

charged to our Deposit Account No. 50-0740.

Dated: October 22, 2003 IB{esi;L?lly submitted, zp

Andrea G. Relster

Registration 36,253
COVINGTON & BURLING
1201 Pennsylvania Avenue, N.W.
Washington, DC 20004-2401
(202) 662-6000
Attorney for Applicant
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SPECTRUM ADAPTIVE NETWORKING

BACKGROUND OF THE INVENTION

RELATED APPLICATIONS

[0001] This application claims priority under 35 U.S.C. § 119 to provisional Application No.

60/420,930, filed October 24, 2002, the entirety of which is incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates generally to radio frequency spectrum management .
systems, and, more particularly, to systems and methods for recovering and/or sharing radio
frequency spectrum in radio frequency bands already populated by legacy users (such as cell
phone users) and high-priority users- (such as public safety, military and government entities)

without exposing those legacy and high-priority users to harmful interference.

DESCRIPTION OF THE RELATED ART

[0003] Wireless communications networi( bandwidth continueé vto shrink at an aléfming rate.
Increasing démand for spectrum-based services and devices is putting a strain on long-standing
and out-moded spectrum allocation and use policies. Managing interference levels among the
rapidly increasing number of users has become extremely difficult because of the greater density,

mobility and variability of “next generation” (XG) radio frequency emitters.

[0004] Current spectrum management policy seeks to assign locally unoccupied portions of
the RF spectrum to XG users. The Federal Communications Commission (“FCC”) Spectrum
Management Policy Task Force has recommended adoption of a policy of “Interference
Protection,” which defines an acceptable level of interference to primary users from secondary

users in terms of this interference temperature. Under the recommended policy, secondary users

-1-
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of a band are required to accept interference from primary users, and must cause no “harmful”
interference to the primary users. Thus, the policy permits secondary (e.g., unlicensed) users to

radiate only enough power in an area of interest to raise the interference temperature in the band

to a specified threshold Ty for the band, service, and locality. The receivers of the primary (e.g.,

licensed) users are then expected to tolerate this specified level of interference. This proposed .
arrangement, if it is widely adopted, will create an opportunity to “underlay” existing primary
applications with low-power, low-impact opportunistic applications that operate below the

- *

threshold. -~ ° ' Lo T | ' i

[0005] ‘l W};ilel the Spectrum Policy ’_fask Force Report recommends a new set of rules for
spectrum use that in turn vyill provide a sound framework for using the available spectrum more
efﬁciently, the report does not address: many important and heretofore.unanswered questions
about how to build and configure networks and devices that comply with the new set. of rules.
Accordingly, what is needed are tools, dev1ces and apphcatlons XG users can bulld conﬁgure

and deploy in order to take advantage of the proposed spectrum pollcles

| . _ SUMMARY OF THE INVENTION
[0006] | The present 1nvent10n provrdes key enablmg technology to lmplement the FCC’s new
flexible spectrum use pohcy "The invention addresses both individual spectrum management
devices and provides an integrated system concept.. for dynamic, adaptive, radio frequency
spectrum assignment and use. The result is far greater spectrum efﬁciency, providing

megabit/sec rate communications networks that can extend far beyond the capabilities of eXisting

wireless networking systems and devices. The invention provides a way to underlay new
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legacy users, while providing up to 30 times greater throughput than the current systems.

[0007]

To accomplish these goals, a node of a network communications system configured :

to operate in accordance with the present invention is configured to:

o

Continuously carry out real-time sensing and characterization of the local spectrum usage -

by (poténtially interfering) narrowband and-wideband emitters;

H

- Dynamically and autonomously adapt (on a time scale of milliseconds) to the local

spectrum environment by selecting and controlling the waveforms (power spectral

density (PSD) and Media Access Control (MAC) protocols) that its network neighbors

~ use when transmitting to this node:

Automatically carry out a closed loop powér contfol algorithm with each neighbor to

throttlc; back on unnecessarily high power levels, thereby enhancing Low Probability of

Detection (LPD);

Apply transmission security (“TRANSEC”) parameters to the spread spectrum

modulation process in order.to entggncé Low Probability of Intercept (LPI); and

Carry out packet fofwarding'(roufihg) in a way that balances aggregate network

throughput against average end-to-end delay. (This results in real time traffic, e.g., voice, ..

being sent with higher power, minimizing latency due to channel access delays at
multiplé hops, and bulk traffic beiflg sent with lower power, minimizing network self-

interference, maximizing spatial reuse of frequencies and enhancing LPI/LPD).
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[0008] - As described in detail below, the present invention also provides a highly advanced
- networking communications architecture for implementing the policies recommended :by the
FCC Task Force. The design of the architecture combines dynamic spectrum management
techniques with matching adaptive networking and full exploitation of multiple transceivers per
communications node. The invention also provides the flexibility and scalability, and may be
easily adapted for use with other forward-looking wireless. communications systems and
technologies. | | N | |

[0009] The present invention solves ’the spectrum crISIS currently plagulng commercial,
military, government and private users vby prov1ding a way'to underlay spectrum- efficient
megablt rate networking onto bands allocated for other purposes The invention can thus be
used, for example, to underlay military networking below any narrowband-channelized.spectrum ]
where individual channels have less than 100% duty cycle, such as in commercial’cellular,A i
without interfering with existing legacy u’sers of these bands. Initial use of existing frequency
allocations ensures that the in\./ention'may be implemented domestically without idisplacing or
upsettmg exrsting users. In overseas locations and in Wartime however, the inVention 1s not
restncted to these particular bands, and the ﬂexrble hardware and software made possrble by the -

1nvention will also operate in other frequencies without hardware modification.

[0010] In general, the.present invention provides a method for managing interference in a radio
communications network, comprising the steps of: (1) receiving an aggregated radio signal at a
first nodein the radio communications netWork on a plurality of frequencies; (2) determining a
power level for the aggregated radio signal for each frequency in the plurality frequencies; (3)
subtracting the power level at each frequency from a power limit to produce a power differential
for each frequency; and (4) instructing other nodes in the radio communications network to .avoid
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~using a transmission frequency corresponding to a non-positive power differential in the plurality -

-of power differentials to transmit to the first node. A government agency, such as the FCC, an

industry standards group, or other rule-making body may specify the power limit.

[0011] In preferred embodiments, the method further comprises the steps of: (5) receiving a

transmission from a second node in the radio communications network; and (6) discarding any

i B ' - N A

portion of the transmission carried on the transmission frequency the second node was instructed -
to avoid. Typlcally, although not necessarily, the discarding step is accomplished by applying an -
-optimal matched filter to the transmission, sald opt1ma1 matched filter being - keyed to the

Anstruction sent to the second node. By d1scard1ng a portion of the received transmission in this

~manner (the. process is called receiver excision), interference produced by other emitters (e.g.,

-legacy primary users) in the wireless environment is filtered out of the transmission.

[0012] The power level may be determmed by aequmng a plurallty of rnstantaneous power level
measurements for each frequency and calculatutig an average power level based on the plurallty
lof 1nstantaneous power level measuremerrts ThlS creates a model” power level, of sorts, that
may reﬂect a 'more accuratebmeasure of the povsler levels present at the plurality of frequencies

over a given period of time. Alternatix)ely, the"model”power level also may be determined by . -

calculating a median power level: based on the pluralityx of instantaneous- power level .

-measurements.

[0013] In preferred embodiments, the method also includes closed loop power control. Each
receiver sends to other nodes in the network a request to adjust (or limit) its transmission power
level on frequencies corresponding to positive power differentials so that the receiver receives

transmissions from all of its neighbors at the same power level. This feedback from each
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receiver in tile network minimizes the transmit power on reliable links, maximizes the ability-to
achieve spatial séparation among transmissions on t‘heisame frequency, and thereby minimizes
network self-interference. Closed loop power control functionality also improves low
probability of intercept (LPI) and low probability of detection (LPD), and minimizes battery

drain for mobile and/or portable transmitting nodes.

[[0014] In preferred embodiments of the invention, ‘the aggregated signal is continuously - -

monitored and the:measured power level is continuously updated to-account for the fact that

some or all of the: nodes may be:mobile, and:therefore constantly moving around, and new
emitters (causing increased levels of interference) may éome on line. Apcordingly, each receiver
in the network is preferably configured to provide coﬁstant,'ér at least fairly constant, updated
instructions to its neighbors setting forth:the optimal transmission parameters to use to transmit

data to that receiver.

[0015] The optimal transmission parameters sent out:to neighboring nodes by a receiver node

may be embodied «in .an optimal waveform profile, which itself may.contain information and
instructions-beyond power spectral density values. Such profile might also contain, for example,

a schedule of optimal times to transmit information to the receiving node.

[00i6] In some embodiments, it may be advantageoué, desirable or necessary to compress the
optimal waveform profile prior to transmitting it to a neighboring node. It may also be
advantageous to specify a particular waveform pattern so that the receiving node will be able.to

determine from which node the waveform came.

[0017] In another aspect of the invention, another method for managing interference in a radio

communications network, is provided, comprising the steps of: (1) receiving at a first node in the
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radio communications network an instruction transmitted from a second node to avoid using a
plurality of frequencies to transmit to the second node; (2) filtering a transmission signal to.
remove - power at frequencies that should be avoided; and (3) transmitting the filtered
transmission ‘signal to the second node. As before, the instruction may be embodied. in or
combined with an optimal waveform profile from the second node, the optimal waveform profile
being based on a plurality of power measurements for a plurality of frequencres as measured

Y=

from the second node and the power limit In this aspect of the invention, the method may also-

mclude the step of decompressing the opt1ma1 waveform proﬁle pI‘lOI‘ to generatmg at

transmisswn s1gnal conforming to the proﬁle. » , SR

[0018] In-still another aspect, the invention provides: a method of managing interference in.a
radio communications network having a: multiplicity. of nodes, each node in the fmultiplicityr! '
having attached thereto a set of antennas oriented to face directions relative to other antennas »

attached to the node. This method comprises the steps of (1) d1v1d1ng the multipllc1ty of nodes

[ el B -

into a plurality of node clusters (2) assrgning a umque receivmg frequency to each node in a

HY

node cluster and (3) a551gn1ng a unique transmrssron frequency to each antenna in the set of’
antennas attached to a first node in the node cluster wherein the unique transmission frequency:

assigned to each _antenna is equivalent to the unique receiving frequency assigned to a:

neighboring node in the node cluster.

[0019] In this aspect, the invention may further' comprise transmitting outgomg messages from
the first node to the neighboring nodes using unlque receivmg frequencies assigned: to the
neighboring nodes. The first node is also capable of transmitting the outgoing message to the
neighboring node and receiving an incoming message from another neighboring node

simultaneously.
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[0020] In.yet another aspect of the present invention, there is ‘provided a radio communications

device, comprising a receiver configured to receive an aggregated radio signal existing at the

radio communications device, a spectrum analyzer, -coupled to the receiver, configured to

produce-a series of power readings for the aggregated radio signal for each frequency in a

plurality of frequencies, a waveform profile generator configured to produce a waveform profile

based on the series of power readings and a power limit, and a filter, coupled to the receiver;

configured to detect: in the aggregate radio signal a transmission signal addressed to the radio
communications device, and to discard any portion of the itransmission signal carried on a:
frequency- corresponding to an unacceptable transmission frequency. The waveform profile

defines the set of unacceptable transmission frequencies. A radio communications device

N S

operating in accordance with this aspect of the invention may also include a signal data processor -

oA . , :

conﬁgured to generate a model power level (e g, an average or medlan power level) for the

S

aggregated radlo s1gnal for each frequency in the plurahty frequencres based on the series of

power readmgs The radio- commumcatlons dev1ce typlcally would also include a-transmitter

\'.'

configured to transmit the waveform ;proﬁle to a second radro communications dev1ce or to

multiple radio communication devices in the network.

T

[0021] Preferably; the radio communications device in this.embodiment of the invention also.

includes a correlator, or a plurality of correlators, coupled to the filter, configured to determine-
whether the detected transmission signal contains a pattern uniquely associated with one or more
other radio communications devices in the network. Each pattern in a multiplicity of patterns is

orthogonal to each other pattern so that the correlators may be used to identify discrete patterns

being carried by a single frequency or group of frequencies. The radio communications device
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may further include a media access controller (“MAC controller”) configured to toggle the radio-

communications device back and forth between a transmit mode and a receive mode.-

et

[0622] In still another aspect of the invention, there isvgprovided a method for managing co-site
interferenee in a wireless network, compn’sing the stens of: (1) identifying a subset of nodes
w1th1n a mult1phc1ty of nodes, each node in the subset bemg capable of transmitting data to.each
other node in the subset in accordance w1th a deﬁned connect1v1ty threshold and using a power -
settmgl that falls‘w1th1n a low power range }(2) deﬁmng'a collection of transmission frequenmes1
to be used by nodes of the subset only when transmlttmg toa node outside of the subset; and (3) -
penmttmg only ‘one node of the subset at a tlme to transmlt ‘usmg any transmission frequency .
w1thm the collectlon In this embodlment access to cbertam frequenc1es for data transmlsswns
are serially allobated to the members of the subset SO that only one node may use those:
frequenctes ata tlme Smce nodes in a moblle network may be moving continuously, the method -
may further 1nclude the step of updatmg\the subset of: nodes in short (i.e., low power) range of
each other accordmé to a schedule at regular mtervals when- it is determined that a 51gmﬁcant. ‘

amount of node movement has occurred, or upon a determination that some combination of any

one or all of the foregoing situations has occurred.

[0023] In preferred embodlments the step of 1dent1fymg a subset of nodes in short range of each”
other is camed out usmg a K-Means vector quantnzatlon algorlthm The step of senally
allocating permission to use the long-range links is carried out using a point: coordination

function.

[0024] In this embodiment, all nodes in the subset are configured to receive transmissions on the

any transmission frequency in the collection while no node in the subset is transmitting on that

*
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:transmission frequency. Preferably, a unique spread-spectrum .code is associated with thessubset .

of nodes, so that transmissions from the subset may be identified as such.

[0025] To better manage interference, another layer of clustering may be implemented, which
involves identifying a second subset of nodes within the multiplicity of nodes, wherein each
node in the second subset is capable of transmitting data to each other node in the second subset
:in accordance with the defined connectivity threshold using 5 power setting that falls within .a
'medium power-range. A second collection Vof transmission frequencies is generated, this ™
collection to be used by the nodes of the second subset to transmit using a power setting that falls
outside the medium power range. Here again, only one node‘n of the se‘cond subset at a time is "

-allowed:to transmit using any transmission frequency within the second collection. .*

[0026] Aiso nrovided is a method for rnanaginé congestion la't an elevated node in a \tvireless
network compnsmg the steps of: (1) 1dent1fy1ng~a snbset of nodes w1th1n a. mu1t1p11c1ty of nodes,
each node in the subset bemg capable of transmlttmg data to each other node in-the subset in -
accorddnce w1tn a deﬁned connectmty threshold and using a power settmg that falls w1th1n a
low pO\;ver range (2) deﬁmng a collectlon of transmtsswn freduencnes to be used by nodes of the -
subset only when transmlttmg to the elevated node and (3) permitting only one node of the -
subset-at-a time to transmit to the elevated node using any transmission frequency within the :
collection. This:process manages the network communications:in such way as to avoid high fan- |

in congestion. In this embodiment, nodes of the subset are serally allocated permission-to use -
certain frequeneies to transmit to the elevated node. All nodes in the subset are configured to

receive transmissions on the any transmission frequency in the collection while no node in the -

subset is transmitting on the transmission frequency.
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[0027] A wireless network configured to operate in accordance with the present invention :
comprises a plurality of short-range links, a multiplicity of nodes configured to-automatically -
1dent1fy a cluster of nodes within the multrplrcrty capable of transmitting data to each other node -
.m the cluster vra the plurality of short-range links using a power setting that falls: within a low"

power.range. The multiplicity of nodes is also configured to self-select a node in the cluster to .

L%

'0

act as a long—range transmission manager which permits only one member of the cluster at a.

tlme to transmit usrng any power setting that falls outsrde the low power range.

R § r‘, DY T

[0028] :A radio :communications device in accordance with this embodiment may comprise a" :

‘transmitter configured to send data to.any other media access controller in the multiplicity. using: -

- -;a power.setting that falls within a low power range, and-a media access controller configured to: -

receive a plurality of requests from the multiplicity of other radio communications devices to-

{

transmit using a power setting that falls within a high-power range. Here again, the:media access - -

controller is conﬁgured to grant only one request in the plurahty of requests at a time. The radio-
l .

T R

communrcanons dev1ce may be further conﬁgured to receive any transmission havmg a power.

level that falls wrthln the high- power range wh11e no rad1o communications device in the*

- Uy

multlplicrty of other radio communicatrons devrces 18 transmrttmg using the: power level.

Preferably, the radro communications devrce also mcludes a correlator, or multiple correlators, -

KLY e b

conﬁgured to determme whether the transmrssron contams a pattem assocrated wrth a particular.-

radio communications device in the multiplicity of radio communication devices.

-[0029] Finally, a method of managing real-time data traffic in a wireless communications.

network: is provided. The network has a multiplicity of nodes and is configured:to transmit a:
-data stream along a route from a source node in the network to a destination node in the network
according to a routing protocol. This method comprises the steps of receiving at an intermediate
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node in.the route a data packet from the data stream and a request to transmit the data packet to=
the next node in the route and determining whether the next node is operating in a receiving:
mode. . If the next node is operating in the receiving mode, the data packet is transmitted to the®
next node. However, if the next node is not operating in the receiving mode, then the data packet:
is forwarded to any other node in the multiplicityl of nodes that is both in the receiving ' mode and:

nearer to the destination node than the intermediate node.

[6030] Aspecfs of the present invention ;nay be. implemented~ ﬁsing software radio technology,”
which .provides flexibility to make dynamic:adaptive use of spectrum under rapidly changing?

interference conditions. Software radios also.support advanced adaptive Media Access Control:

. . (MAC)-protocols. Vanu, Inc. (www.vami.com) of Cambridge,: Massachusetts, for. example,

makes. software radios suitable for using-as a transceiver in a' network configured:to.operate in -

.accordance with the present invention. ~ * - - -

enables implementing ;embpdimé_n_ts of the bresent

en i

invention using COTS (commercial-off-tﬁe-sAhelvt) prdcessor-Bésed radios that will improve over:
time, incorpofating new signaling protocols as they become:available, and incorporating ever.
more efficient compbnentsb in terms of size, 'we'ight, and power. Software radios‘-inay be built

a;ou;lc; intel I;éntium 4-proces;ors, fdr exaimiole, ~\’>vhicli currehtiy éperate at cibck speeds 6f about::
3..2 GHz, are i);ojectéd to opérate at élocl; raf'es i;eyond 10 GHz by 2005. Because the s"otftwarc‘:
ﬁsed in a software radio is portable, netiworks and networking dévices deéigned' according to

embodiments of the present invention can be upgraded over time to feature the lafest and fastest:
COTS processors. In addition, the invention can easily be configured to use RF-to-digital front-:
end technology, which can provide all the necessary analog functions on a compact card.- Rapid:-
technology improvements in this area make these front ends quite affordable, so there is no -
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impediment to operating each network node with multiple independent transceivers. This rapid
evolution .in. transceiver technology is evident, for:example, in today’s two-chip CMOS

implementations of IEEE 802.11a 54 Mb/s OFDM transceivers. - e

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The foregoing summary, as well as the following detailed description, will be best
understood in conjunction with the attachéd dréwiﬁgs, whiéh are incorporated in and constitute
part of the-specification. The drawings illustraie preferred‘embodiments of the invention, and; -

together, with the des,__pription, serve to explain the principles of the present invention.,
[0033] FIG. 1 depicts a high-level block diagram‘ill{istratirn'g an arrangement of some: of the

physical components in a transceiver configured to operate according to an embodiment of the

%

[0034] FIG. 2 shows. a reference model defining the characteristics of a channel between a

transmitter and a receiver configured o operate in aécordahce'with’ ‘principles of the present. -

invention.

[Q_O35] FIG E‘gxgraphically illustrates a method og calculating the power spectral density (PSD) of'

an optimal waveform according to embodiments of the invention. -

[30';'036] FIGs. 4 through 11 contain plots and graphs illustrating the results of spectruim measuring|

e){peririienfs supporting the need for and the benefits of the present invention.

[0037] FIG. ‘12 depicts a model illustrating an integrated system concept according to an

embodiment of the present invention.
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[0038]) FIG. 13 illustrates one approach, in accordance with the principles of the present

invention, to mitigating intersymbol interference. ~ N :

[0039] FIG. 14 shows a high-level hlock diagram of a network node 1400 (such as a software

radio, a router, etc.) configured to operate according to embodiments of the present invention.

[0040] FIG. 15 contains a high-level flow diagram illustrating the steps performed in an

embodiment of the present invention in order to process signals and manage interference
received at a node, such as the node shown in FIG. 14.

[0041] FIGS 16, 17 and 18 show the results of srmulatlon expenments for colormg (ass:gmng

dlfferent frequencres) a random layout of ﬁfty nodes ina network

[0042] FIG. 19 shows a high-level flow diagram illustrating the steps that may be performed by: -
a processor conﬁgured to assign receive frequencres to a multlphclty of nodes, in accordancef

~ with the present invention, to ensure that there are no adjacent nodes that use the same receive’

L:\)

frequency.

- DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0043] Reference will now be made in detail to preferred embodtments of the invention;-
examples of which are illustrated in the drawings. Notabty, the present invention may be
implemehted usmg soﬁware, hardware, ors any combinatron thereof, as would be apparent to
those of ordinary skill in the art. Therefore, the ﬁgures and ‘examples below are not meant to

limit the scope of the present invention or its embodiments or equivalents.

[0044] The invention provides dramatic improvements in assured wireless communications by

dynamic redistribution of allocated spectrum and advanced Media Access Control (MAC)
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protocols. FIG. 1 shows-an architecture that can be used to achieve these improvements:
according to an embodiment of the present invention. FIG. 1 shows the various functions of the
architecture as they are ananged in thelr appropnate protocol layers. What. follows is a

descnptlon of each layer of the de51gn

GENE’RAL ARCI{I TECTURE DESCRIPTION

i

[0045] The 1nvent10n prov1des a system for usmg local metropolltan and w1de -area network .
(LAN MAN and WAN) bands for hlgh speed (megablt-rate) networking and seamless
mteroperablllty with current systems. Takmg advantage of ‘military L-Band, UHF and VHF

-allocations (cross-banding within a single network) for’ example as shown in Table 1 below;"

(different lmks -are created for these dlfferent purposes. :

Use ' e e Analogy-
W-LAN Star Trek -
> o . ~10Mb/s . | Lo
1710 - 1850 MHz | (Squad) - ‘ . L “Comm Badge”
| Mil-UHF:™. ~ ~ |W-CANs | _=- = R s -Star Trek
' 5Km 0-120dB | ~2 Mb/ w " ”
225-400MHz | (Company) 7 ) 5 Communicator
: 30 times faster
Mil -VHF: W-MANs ‘
Km 120-150 dB 5Mb/s | than SINCGARS
|30 - 88 MHz ®de) | 0-150dB 1 ~0.5 Mbls

[0046] This approach, namely providing"a range' of different link types, all integrated into a:.
single network ‘with automatic cros’s-baniding in nodes with multiple independent transceivers;

provides all the benefits needed for successful megabit-rate wireless networking.

[0047] Path loss (PL) is the ratio of the signal power coming down the receive feedline from an.
“1sotropic receive antenna, to the signal powér going up the transmit feedline to an isotropic’

"transmit antenna. In the example of 90 dB path loss; every Watt transmitted turns into a
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. nanoWatt received. Assuming the use of isotropic antennas (gain = 1 =0 dB), the path loss-(PL)
that can be tolerated:on a link -(link budget) is the ratio of the available transmit power; to the
receiver sensitivity «(required receiver power). * The Mil-VHF band provides much better
propagation (longer range) for modest power, as the effective area of an omni-directional
antenna may be represented by the equat@on A%, m, where A is the wavelength. This results in
almost a 30 dB improvement in bath lg_gs (P.L,), for_ 3Q times the line of sight (LOS) range

) compérgd to the Mil-3 band. Diffractionéround; ‘\.Naveleligth-s_i__zjed obstacles (e.g., 10 meter hills

or buildings) can make an even greater difference beyond;LOS. T

" [0048] :-In'COntrast, the Mil-3 band provides miich highiar available bandwidth, permitting -far
higher data> rates over short ranges. In fact, the Short range here results in both high spatial reuse
of the. frequency allocation, and a low power, ;ELPI/LI:’D signal- with wide spectrum spreading.
Ha.\%ing;an ~1‘.1nobtrusivie signal elimif;ates tfl_e neeé'to coxﬁxtest sﬁegtrum “ownérship”. o

[0049] The: Mil-UHF band is intermediate bétween' these two in both range and available
band\i’i:citﬁ,% satisfying the need for medium range <1inks.§. :

FER

[0050] As s:hown in FIG. 1, an arcl@itectuﬂris: strué;ned éccérdiﬁg \to an embodimept of the present

inyenti(_)nA qompromises both ph)jsical la}'er 1Q4 and_‘ media access cqntrol (MAC) layer<102
compor;}ents. At th;a Aphysical la);er IOf} the ..fl;nctioglgl‘ corr;p;)nents of the architecture may
includeﬁ corflponents for radio frquency modulagion 110, :interfe;ence temperature measurements
120, narrow-band receive-transmit R-T excisi.c')n 130,. vé.riable-gain spread spectrum ‘140 and
closed loop link power control 155. " The* MAC layer 102 comprises components for

implementing co-site clustering and serialized access to long-range links and elevated nodes 162,
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. opportunistic forwarding 164 and multiple correlators 166 for detecting specific ‘waveform:. -

.. -patterns. Each of these components are described in more detail below. o

CO-SITE CLUSTERING AND MULTIPLE CORRELATORS

[0051] A signi‘lt-'lcant problem encountered when ﬁsing ihe spectrum for wireléss communication
| 1s co-site intefi‘efence, which occurs wh.eil tranAs"missiohs.to &istant nodes overwhelm reception-
Hy local nodes. The present invention ?'addre‘s”ses thé co-site;.interference problem by using:
iﬁultif)le indé[;éndént transcei\;ers of difiiérent fréquenéiéé (bén&:s) to estabfish short links (e.g.,
60 - 90 dB PL), medium links (e.g., 90 - 120 dB PL), and long links (e.g., 120 - 50 dB PL), as’

. shown in Tal;lg labove. R L o

‘[0052]‘ Cd;sifé;'ciusteﬁng and serialized é;;:ceés-thmptf;ént 162 comprises MAC ,protocols thétV

‘automatically‘?deﬁ‘ne W-LAN groups (good internal »;E‘:onneétiﬁty ‘with short-range links), in -
which use of any medium-range link 1s .s;erializféd. W-MANT gi'oups (nodes with’ good internal'
- ... connectivity Lu‘sing_medium_-rangc_ linlgs),;.‘ar‘eldve;ﬁncd,v..jin_ which use of any long{rangexlipk is.. - -

serialized. _ oL iy

. 1[0053] A ,K-M_egns vector quantization.; algorithm may:' be qsed to define. co-si‘t‘é’ clus_ters. and.:. =
dynamically ﬁ,uip‘date them. Within each clustér (e.g, squa.d W-LAN), a point! coordination™. . +
'. function (PCF) is used to serialize. acqéss to a medigm-rangé link. Each cluster alternates. -

between receiving over multiple medium:range. links, and tranémitting over one 'r'nedium-raﬁge
link. Using multiple correlators 166 and a different gpread spectrum code for each W-LAN

permits simultaneous use of medium-range links by different squads without interference.

[0054]) In a préferfed embodiment, a nurﬁber of nodes have elevated antennas to provide long-

range links for “Small World” latency reduction and low-latency quality of service (QoS) traffic.
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As described below,-a specialized MAC protocol to handle the very high fan-in usually

associated with using elevated nodes may be used to avoid congestion at the elevated node.

[0055] For extfemely low delay traffic, packets are forwarded to any node in the direction of the
destination (lower hop count) that is not currently transmitting (like a soccer player passing to an
open teammate downfield). Although this violates the customary practice of strict protocol
layering, by using instantaneous information from the MAC layer to guide network forwarding
decisions, it eliminates the dominant end-to-end’ latency effect of channel access ‘delay at each
hop. Oppdﬁmistic forwarding component 164 carrieé out {his function. The ‘opportunistic:
forwarding component 164 carries out forwarding of packets based on their indicated
(differegtial services, or diffserv) quality. of seryice. Bulk trgfﬁc is forwarded via low-power
rr;ulti-hép routing, t.oA maximize sp;;gial rej_use of ;’frequg;l_cies aind enhance LPI/LPD. -'Realletime
V;)ice tfafﬁc tréverses the network iAn feWé; hops ét highé’r povs((;r in order to minimize el-l'd-to-end

latency.

CLosep Loop LINK POWER CONTROL

[0056] Closed loop link power control component 155 provides feedback from each receiver to a

1, .
i3 . it - i fasi b

neighboring transmitter to minimize transmit power for a reliable link. This maximizes' spatial
R @ T . . . . ‘.-;:' . . R .
reuse of frequencies, minimizes network self-interference, improves LPI/LPD, and minimizes

battery drain for portable nodes.
[0057] This-may be:accomplished by keeping transmit power density low (e.g., < 50 mW/MHz
or 1.W per 20 MHz) in any frequency or time interval, subject to topology control:to maintain a

connected network. This also enhances spectrum cofnpatibility with other friendly narrowband

and wideband (NB and WB) systems. This limit on power density also helps achieve LPI by
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thwarting linear (spectrum analyzer) interceptors.” Wideband waveforms may be used to achieve :

the desired ranges.

VARIABLE-GAIN SPREAD SPECTRUM

[0058] Variable gain spread spectrum component 140 controls the processing gain (spectrum -
spreading factor) associated with a node in the network. In:preferred embodiments, different.:
levels of security may be implemented by varying the processing gain (PG). In the military+;
battle context,-for example, very high PG (e.g., 30 dB) may be‘used during covert insertion and :
special operations; medium PG (e.g., 20 -dB, . higher ;_data rate) may be used forAenﬁty and :
positioning of major forces; and modesf PG (e.g., 10 dB, highest data rates) be used during actual .

battles. Flexible software radio technology enables the use of variable PG.

[0059] Multipie receive correlators 166:: in the MAC layéf 102 may be used to receive-
simultaneoﬁsliffrom multiple neighbors. Sprea(i speéti’ufn siéﬁaling"increases bandwidth by a
factor of the PG. Using multiple vcorrA_elatorsv recoups spectrum efficiency by a.factor of the’

number of neighbors, up to the square root of the PG. . : i ¥

+

NARROWBAND R & T EXCISION

[0060] Narrowband R-T Excision compc';ﬁent 150 coﬁ&ols th;é procéés for using zero deer: at
certain ‘frec{ue‘;cies' during transmission ‘and igndrilng,iinfon:r;ation (power) existing at’ those
frequencies on the receiving end. In preferred embodiments, orthogonal frequency division
multiplexing (OFDM) waveforms with 25 KHz channels that support transmit and receive
narrow band excision may be used to eliminate .interference with legacy systems. 'The OFDM

signal (which is the sum of many complex exponentials, each with an independent phase) -

approximates a Gaussian envelope featureless waveform for LP/LPD. R&T excision may be
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adjusted on a very dynamic basis-(milliseconds) to underlay: spectrum allocated for a legacy -- . -

channelized narrow band system.

[0061] In preferred embodiments, short-term power spectrum measurements (<<l sec) may be-
taken at the receiver, and narrow band (25 KHz) excision of spectral spikes are used to minimize
interference produced by legacy systems.- Matching narrow band excision of the same spikes at.

neighboring transmitters eliminates interference experienced by narrow band'legacy systems.:

ot

INTERFERENCE TEMPERA TURE MEASUREMENTS . P

[0062] Interference temperature measurements component 120 monitors aggregate signals .

present at the receiver in the w1reless network In preferred embodiments, each receiver does its .-

i\

own spectral analysis of local interference, assigns its own receive frequen01es automatically, -

and reports them to its neighbors over a.common, low data rate; configuration channel. Selecting"

low-interference frequency ranges minimizes transmit power requirements and avoids congested. . -

. spectrum.

1

RA4DIO FREQUENCY (RF)-TO-BASEBAND, USING MULTIPLE TRANSCEIVERS

[0063] As described in more detail below, a wireless networking architecture according'to the:

present invention may also include radio frequency inodulation component 110 in order to-

increase . throughput .capacity and provide more secure transmissions. For example, and as: :.

i

described in more detail below, multiple transceivers may ‘be used at each node:to support’. ..:

simultaneous operation in multiple. bands, simultaneous spectral analysis and communications, :
and other functions. Wide-sense stationary waveforms may. also be used to thwart 2" order.
cyclo-stationary interceptors. Zero mean, equal power, uncorrelated I and Q signals conceal the’

carrier frequency. Nyquist filtered symbols may also be used conceal the symbol clock.
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[0064] .In -multi-antenna nodes, a separate time division duplex (TDD) transcéiver may be - .

assigned to each directional antenna. This provides far more throughput than a single-transceiver

architecture that switches one transceiver among multiple antennas.
} - M [ . ' v Ve .

[0065] And finally, a distinct receive freqoency may be assigned to each node for multiple, non- .

interfering transmissions in a network having'a multiplicity of nodes.

-

[0066] A more detailed discussion of the characteristics of each node in a wiréless network
configured to operate according to a preferred embodiment of the present invention will now be

provided. - Each node -in the preferred embodiment is conﬁgured to perform the following three - -

réceiver-centric activities: . R '

1. Each node continuously carries out reailtime eehsing and characterization of the local-
spectrurh at the receiver of each node due to (potentially interfering) narrowband and’
wideband. emitters. For example,: this analysis could use a 2K complex FFT every 100
usec to achieve 10 KHz resolution over a 20 MHz bandwidth of interest. These

" measurements will be different at each network node since each node has a different
interference envrronment Any. other 1nformat10n about the types of transmissions
occumng in band wrth potentlal for sharmg should be gathered at th1s time. :The
underlymg principle here is that drfferent apphcatlons ' can tolerate drffenng degrees of

s

packet switched network may tolerate a small percentage of packet loss). i

2:.- Based on the characterization performed as- described above,  each 'node further -

determines a waveform with optimal Power Spectral Density (PSD) to be used by
nelghbormg nodes to transmit to this node. This process consists of “inverting” the
'varrous spectral spaces of opportunity into a realrzable waveform that will approach the

optimal performance predicted by pure water filling (to be described in detail below).
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3 ‘Each node reports its optimal receive waveform (an economical parametric
characterization of the optimal PSD) to each of its (e.g., handful of) network neighbors ..
‘for the neighbor’s use in talking to this node, preferablS/ aloﬂg with an opAtimal transmit
schedule and an expiration time after which the inforrﬁation should be considered stale.
The waveform reporting function may be performed in conjunction with executing other
functions provided by an 6ptional XG transceiver apblication programming interface
(API). Such APIs typically ‘include extensions of the  Future Combat Systems
Communications primitives. These primitives currently support the receiving node’s
‘power control feedback loop with'each of its néighbors.'. The feedback loop ensures that
the XG signal arrives at this node’s receiver with the same power from every neighbor;

‘minimizing problems of near-far receiver masking).

H st

-

[0067] This architecture is called receiver-centric, because -it focuses largely on eliminating

interference, which only occurs in the nonlinear circuits of a receiver, not at a transmitter. Each

receiver is responsible for minimizing its own interference by designing a minimal-interference - -
5 f ' A i . N .

HH H

waveform, and directing all its neighbors- to .use this waveform td;_transmit touit. Different . .

'receivers will design different waveforms, depending on their local interference. .+ S

I
S

%

[0068] In preferred embodiments, 'the»présent« invention may:“be characterized as' havinig two

different tempbral metabolisms. At a low levelzl_the.,loc'al-noise'"i'nterferencé may be-estimated on

P v L g i

‘ a msec-by-msec time scale, making very short term predictions.that the next mseciwill resemble-

. the previous one. On a longer time scale of tens or-hundreds®of msec, time-varying models of

the interference may be developed based on recognition -of the type of application (e.g:;"video
stream)'causing the interference. On this time scale, a temporal model may be used to predict

which short term waveform should be used at which time.

_22-
Page 89 of 166



Docket No. 02-4099

-METHODS FOR TIME-FREQUENCY WATER FILLING - : ey ¢

[0069] A desctiption of the methods used to derive an optimal power spectrum density for static:
(short term) v\t;veforrn generation hased on short term (e.g., 1‘ msec) spectral measurements will: -
now betprovid_ted. This method permits each transceiver to determine, based on measurements in-
its receiner, the power spectrum density its neighboring transceivers should use to‘transmit to it
to ma);irnize 1ts :detected signal to noise ratio (SNR)‘ nn'der“' the constraint ofl limited transmitl
_hower. . In the,;;embodiment described below, we assume that the interference spectrum over the : -
" Hext mséc (or multiple msec) will be the same as it was in a previous measurement} It should be: -
npparent to those skilled in the art, however, that{‘.‘;whe"n'i‘ the measured spectrum changes:

s;igniﬁc‘z'intly, the node must notify its neighbors of the‘t’ipdéted optimal waveform. :

OPTWAL STA TIONARY (SHORT TERM) WA VEFORM SELEC TION

[0070] The water-ﬁllmg approach has long been known as the onltlmal way to ‘minimize the:.
4rnean sqnared error of a channel w1th colored background n01se ThlS optlmahty is based on -
' mmlmlzmg the mean squared error bet“te‘en the 51gnal at the detector and the ong1natedis1gnal=:' '
(maxiniizing the received SNR), subject to the constrairit that the tranismitted signal'has a limited:"

total power S.~ -

'[0071] fIG Zﬁshows a reference rnodel deﬁmng the choroctenstlcs of a channel l210 betvt'een a.
transmltter 205 and a receiver 215. In FIG 2, P (f) is the signal power spectrum dens1ty“
-(W atts/Hz) at the source. H() represents the value of a band selectlon filter, whlch 1s equal to 1.
1ns1de the system s desired band of operations, and 0 outs1de the de51red band of operations..
Thus, band selection filter H(f) rejects undesired out-of-bandv signals. G(f) represents the value'
of the optimal matched filter. When optimal match filter G(f) is applied to the input ‘signal

spectrum (which includes noise) at the detector, the filtered signal has the maximum signal to
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noise ratio. 7" is the time interval (sec) for signaling one symbol. A T of 1 usec means a”
signaling rate of 1 Msamples/sec. P,(f) is the noise power spectrum density (Watts/Hz) arriving

at the receiver-along with the desired signal. The optimal PSD results from the “water filling”
approach, where the sum of the interference level (weighted by the band selection filter) and the -

additional received signal power from neighbors is not more than a constant (the water level).

[0072] In a static world, the following optimal water filling would occur:

A

e At frequencies where local interference exceeds the water level, no power should be

transmitted. This automatic transmit excision minimizes the interference from XG.

signaliﬁg to legacy users.

¢ At these same frequencies, the optimal matched filter in the receiver has zero gain. - This -

automatic receive excision minimizes the interference from legacy users to XG users.

e ‘As aresult, the XG network is'an underlay network service that meets the requirements - =

“for secondary use of the band, Iiarheiy, aécei)ting any interference from existing usersand -

sagreeing to cause no harmful interference.

[0073] In actuality, there are many reasons why this cannot happen in a real system. For:
example, there-is always power leakage in the}'spectra because signals have finite bandwidth.
The question is, how much is allowable, and whether the signal contained in that leakage is"

missed when it is reconstructed erroneously.

[0074] FIG. 3 graphically illustrates a method of calculating the power spectral density (PSD) of ..
an optimal waQeform according to embodiments of the invention. As can be seen in FIG: 3, the

PSD (represented by the variable Py(f) in FIG. 3) is equal to the interference limit B minus the.
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- measured noise floor Py(f) within the band of interest. The optimality of the waveform is based:

on minimizing the mean squared error between the signal at the detector and the originated:
signal, subject-to the constraint that the transmitted signal has a limited total power. S. Receive
excision suffers from finite front-end dynamic range, limiting how large the peaks:in FIG: 3 can’
be before they-swamp the front end of the receiver. In this case, the spectrum cannot be inverted
in one fell swoop, gnd may need to be passed through selective analog filtering before

digitization. ' ‘ .

CHARACTERIZING BACKGROUND INTERFERENCE

[0075] Techniques for defining the stationary wavéform best tailored to the short-term'
noise/interference spectrum received at a node me noijlv be dé_scribed. These techniques may be:
{;sred, inj eﬁbodiments of the invention, to maxirAr;lize‘thé received SNR subject to liﬁlited ﬂaqsmit
;owef. A}Noi'se ina spéciﬁed bandwid£h, W, appears as:sa' bivariant Gaussian signal in the in-phase"
(I) and-Quadrature-phase (Q) channels, both measured.in RMS Volts across the impedance.of the
Vm-eas‘l»lring d;avice; tybically R =50 ohms. The-total 'péwer measured in this bandwidthis then:
P=(1I 24 Q 2) /R, with a Gaussian’ prob'ability‘ density function (PDF) for both I and“Q. ‘ A
change of independent variable to measured power P shows that it has an exponential PDF equal".

to:1 / Py’ exp' (=P / Pg), with mean = standard deviation = Py and median Py In 2 ~ .693 Pg., +«

i
. ,L:"‘

[0076] Noise appears when coupling the measuring device to a resistive load or an antenna:

operating in a thermal environment with absolute temperature T Kelvins. The noise power

T ' o e : . : o n 23
resulting from thermal excitation is k T W, where k is Boltzmann’s constant 1.38 * -10

Watts/Hertz/Kelvin. This results from Einstein’s equipartition of energy theorem, where each:

mode of a system in thermal equilibrium receives an excitation of kT/2 joules. ‘However, any
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measuring device has implementation defects characterized by a noise figure F, which is the ratio.
of its actual measured noise power referred to the input of the device, to the ideal value of k T We . <
for the thermal noise above. Here the reference value of T is conventionally taken as 290 K
(room temperature), and F is normally a few dB for low noise amplifiers.- The net equivalent

input noise is thusk TF W.

i0077]‘)5:ttachir;1'g J.an;ennas to a ndde als'o bring's in si‘gnals'f'rom- intentiodal radiators. -.When'
there are large numbers of uncorrelated faint signals (e.g., from_mady distant radiators)'in the
bandwidth being measured, the Central Limit Theorem (CLT) says that the resulting summed
. signal again approaches a bivariant Gaussian. Therefore, this particular background interference:
can also be characterized as thermal noise in a still hotter environment, namely a higher value of: "~

- T. The’FCC Spectrum Policy Task Forcé defines this equivalent as the interference temperature: -

T; .

* TODAY’S SPECTRUM: NARROWBAND (NB) INTERFERERS .
[0078] In addition to the noise signals described above, an antenna on a node will pick up.strong”

signals from other (fnendly and hostlle) users. Many of these signals are narrowband (e g., 25"

. . Lo
T |-v;4 V - RN in

KHz channels allocated for voice and low rate data in the UHF band) and may be non-Gaussian, - ’
since data signals often have constant eh\;elope's ‘for efficient power amplification. They can*
appear and disappeaf on time scales corre;sponding to users activating push-to-talk switches (i.e.,
a time ecale of secodds). In ‘the case of f;equeney hopbing radios, the dwell time in a par'ticular‘
25 KHz channel may only be on the order of milliseconds, while a cellular phone call can last:

minutes. In any case, these narrow band signals appear on a spectrum analyzer as narrow
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“fingers” sticking up-above.the noise floor in the band of interest (which is normally MHz to tens::

.of MHz wide).*

A[0079] The spectrum‘ analyzer measures the power m each of a large number of adjacent -
frequency brns' over a short tlme | The ‘snortest tlme interval for 1ndependent measurements .
corresponds te 'calculation of a discrete Fourier transform (DFT), where the measurement

interval is the reciprocal of the frequency bin resolution (e.g., 100 psec measurements for 10 .
KHz resolution). The measurements described and plotted below were rnade using a Rhode &
‘Schwartz lab:quality ‘$pectrum analyzer, ‘exporting digital data to EXCEL and MATLAB for:+

.analysis and plotting.

PROBABILITYDISTRIBUTIONAND STA TISTIC’AL ANALYSIS FOR “NOISE FLOOR?” ESTIMATION

.5[0080] Experlments were conducted to carry out statlstrcal charactenzatlon of the “noise floor”. -
in a band of interest. The initial calibration experiments used a room temperature resistor (290 "
_K) feeding a lab- qualrty Rhode & Schwartz Model FSEM spectrum analyzer examining as MHz -
_.span centered on 450 MHz w1th 10 KHz resolutlon (The spectrum analyzer was preceded by a -
24 ‘ dB :(5 dBi_I‘\I.F.) wide "band prieamp.)". The noise power measured in adjaéent bins was |

uncorrelated. , ) S é ' TR

[0081] FIG. 4°shows typical sample data plotted as a"histogram (relative frequéncy of noise *

" power occurrenice ~ PDF, versus power) resulting from :500 independent power samples.

[0082] FIG. 5 shows the results of ten identical but independent measurement runs with
histogram plotted on a log scale, as a function of the power measured. The straight line of log -

probability versus measured power demonstrates the predicted exponential probability density

function 1 / Py exp(- P / Pg), with Pg = 0.198 fW (-127 dBm). This measured power is 7 dB
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- above k T-W (-134 dBm), so the experimental setup has a 7 dB'noise figure.- The plot shows that
the statistical fluctuation in the measurements is far greater at higher power levels, where the

small number of samples results in relatively greater sampling fluctuations.

{0083] In order to estimate the “noise floor”, i.e., the interference temperature, N power samples
~were averaged for each frequency bin in order to get a stable, unbiased estimate of.average

power. :The PDF for. this sample mean is the N-fold convolution of the exponential PDF scaled

.- by a factor of N, namely:
LR ~ NV o pNt o e
" Prob(P) =- ——exp(-NP/ P, R Equation 1
(P)= Gy KNP | (Equation 1)

with mean P (as expected) and mode (most prqbable power) of Pg (N-1) / N. For N =10, the
median is 0.93 Po. The staﬁdard deviation is PO/ sqrt('IiI).' The sqrt(N) factor in this denominator

can substantially reduce the variations (stgtisticalvﬂuct{lations)f_in our estimate of the mean power

in the noise floor. If the spectrum analyzer does a DFT every 100 psec (10 KHz resolution),

averaging ten-samples per bin would take 1 msec to dévelop this estimate of mean power:in all

bins. .,

; > i

[0084] FIG. 6 shows a comparison of a histogram derived by averaging the results of the 10
. experiments of FIG. 5 (relative frequency of occurrence of a given mean power in‘a bin),
compared with the theoretical PDF of Equation 1 above. The agreement between the two

histograms is excellent, showing that a 10-sample power estimate in each bin provides a good

characterization of the noise floor P.

B

[0085] As described above, some freqﬁéncy bins will reflect strong narrowband signals by

measuring relatively large power. The goal is to determine which bins contain only noise power
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corresponding to the measured noise floor (interference temperature), and which contain strong
- signals. The XG signal PSD will then fill up each noise-only bin.to a “water filling”.temperature
. below the FCC-specified maximum interference temperature, and transmit zero in bins where
strong signals already exceed the water level. However, since all measures are probabilistic, any -

decision must be characterized by its confidence level, as described below.

[0086] The null hypothesis is that there is onlynoise in bin M. If the power measurement for: *

this bin is statistically significant (e.g., 0.01), then the null hypothesis for this bin is rejected, and - -

the conclusion is that there is a strong signal present. Such a large mean power measurement -

would happen only in one run out of 100 if only random noise is present. This permits rejection. -

- of the riull hypothesis with a fair degree of confidence.: The significance level is the area under
the tail of the PDF of the sample mean. Bins witix a sarr;ple méan that exceeds the corresponding - -
significance t:lgreshold are judged like}y (gcg., w1th the c;)nespgnding 99% conﬁ_dence) to contain

a strong signgl,_ar}d a system according to Tthe présent in_yentioh transmits no power in those bins..
'.I';his p?qvicie§ transmlt e);éi;idn at t-hé tréésrhitteg to mir;imize_‘inggr_ferénce to narrow band users,”
and receive exci;ion in thé receiixer’s métched filter to minimize narrow band interference to "
wide band users. The remaining bins are judgéd likely to éontéin only noise, and the system: -
' transmits povi;ei‘ih thm'ose bins up to water ﬁlling te:}npere‘i'tiire, below the FCC;speciﬁ"ed maximum -

)

“ permissible intérference temperature.

[0087] Since the sample mean is the sum of N independent identically distributed variables, its

distribution approaches Gaussian (CLT). The 99% probability distribution threshold is Pg (1 +:

2.33 / sqrt(N)).
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[0088] FIG. 7 shows a spectrum analysis of received signals when strong narrow band signals
are present.. The plot in FIG. 7 was made:in linear power rather than dB in order to focus-on the
structure of the noise floor, and to -provide an-absolute reference of zero Watts. The 'strong
signals reach far off the top of the plot (one signal is 50 dB above the noise floor). -1t is the noise

floor, however, that we want to investigate.

[0089] FIG. 8 shows a histogram of received power corresponding to FIG. 7. The histogram
(422 samples) shows the typical power distribution “bump” due to the noise floor. Histogram
samples: far to the right in FIG. 8 correspond to. strong signals. If FIG. 8 contained. all of ‘the
samples for the received power in FIG. 7, one could 'ol.)serve another 78 samples (not"shown in
.FIG. 8)located many chart widths i'far off:to the right of the chart shown in FIG. 8 representing
. the strong signals. However, these strong-signals are hot of particular interest because it i1s the
noise floor that is being measured.” Matching th¢ low-power ﬂistogrgm bump with ‘a'theoretical
curve corresponding to average noise power Py permits us to estimate the underlying noise floor
Po, in spite of the presence of strong siéﬂalé. “This will also determine the threshold at 99%

confidence (at Pg (1 + 2.33 / sqrt(N)) to.separate the bins containing the narrow .band signals

from those .containing only noise.. The waveform synthesized as a result of this‘measurement

will have support over disjoint frequencies, namely those judged to contain only noise. '

[0090] Table 2 below shows measured ‘results in characterizing a 5 MHz wide noise floor
centered at 450 MHz at different times of the day (10-AM, 3 PM and 6 PM). The table shows

average power per 10 KHz bin.
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s e e [ S Tl T Winddw: Ei] 7 Windows | 7 “Window *
ERRREEEES ST In's.dé lz;b ' |5, antenna - | °- dnténna’ j antenna
e :vi’f‘Sou'ree'4‘§(,"§}$ 2290 -K;‘Rekistot ~ antennai it b s@lqm - .@3 PM.‘"-"‘" i @6PM -

Po=AvgPwr. [ 2.0 * 107°W 35*10"6W 35%10°W [6*10°W  |7*10"%W

Table 2: Noise floor measured as a function of time of day.

[0091] FIGs 9 and 10 show the spectrum-at 10 AM and 6 PM respectively. The later spectrum :
obviously has_mnny more high power nayrowlzand sjgnals, and the effects of some of their
“skirts”_(untntended radiation at nearby ﬁenueneies) cgn be seen in tne elevated noise floor. At-
ether frequen;ies, the noise floor is elet/eted fer nnknown reasons; perhaps because of large:
numbers of additional faint signals. | L‘ ‘.

[0092] Analysis of a single “noise only” bin in‘the time domain showed no discernible features: -
Each scan-has. nonrepeating wiggles (liké ‘Gauss$ian noise), a'nd successive values (at 100 used

s‘ampling intellval for the 10 KHz analysis bandwidth) are uncorrelated.

: [0093] The results of these tests prov1de a strong 1nd1cat10n that the elevated (and varying) noise
floor is the sum of a large number of weak narrowband sngnals (or a smaller number of w1deband

s1gnals) from unknown sources outside the bulldlng, and some sklrts from strong 81gnals ’

[0094] The;results: were at 450 MHz, where the . noise:floor .was flat over the 5 MHz analysis &
range. Examination of an equal bandwidth at center frequencies of 300 MHz and 39 MHz again -

showed a flat noise floor, although the noise floor was further elevated by a few dB.

[0095] The experiments described above with reference to' FIGs. 4-10 illustrate only one
approach for characterizing the “noise floor” for water-filling spectrum uses, based on statistical
analysis of power measurements as a function of frequency and time, and based on hypothesis
testing. After reading the above discussion it should be apparent to thoee skilled in the art that
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numerous other approaches may be used without departing from the scope of-the present
invention. Such experiments form the basis for algorithrns, such as the one described below with.
reference to FIG. 15, which may be used in tranceiversvfconﬁg'ured to operate in accordance with
embodiments of the present invention.

oS,

ALTERNATIVE ANALYSIS TOOL: MEDIAN FILTERS

[0096] Instead of “us:ing the sample ‘mean as a oowerjestirnaite for each bin, a sample median
(nonlinear ﬁlter) may be used instead. A median filter outputs the 50% percentile value (the

median) from a vector of N. samples. These filters are often used in image processing to

=

eliminate “outlier” samples due to impulsive noise, while preserving sharp edges. = =

10097] FIG ll‘demonstrates the use of the medién power acrﬁss aband at a particular time as a

normalizing factor for the power measured in each bin. Here, for each sample spectrum, a trial

o : S I S L ST R, .
median was generated across the entire band. A number of the bins reflected very strong signals-

(farvabove;the:band median), so bins with powefr.; more :than 25 times the median were discarded
when calculating the, final band median. For the 10 AM, 3 PM, and 6 PM data, discarding these
bins eli_minated 71, 82, and 97 of the 500 frequency bins, respectively. After rejecting‘

consideration of these very strong s1gnals the band medran power in remarmng ‘bands was.
, % S n! 2 .
recalculated to characterrze the noise ﬂoor by normahzmg b1n power w1th the: band medlan~

v 4 ke

power.

[0098] The theory curve gives the theoretical probabrlrty density funct1on obtained from'

. .
1ntegrat1ng Equatron 1 The quite similar resistor curve shows the results of measured noise from.

s

a resrstor source. The other three curves (10 AM, 3 PM and 6 PM) show increasing deviations

from the theoretical curve and the resrstor (norse only) curve. The vertical dotted line shows the
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99t percentile value (P = 1.6 * Pmedian) for the.theoretical curve. If this value is-applied as the . -
threshold to determine whether only noise is present in a bin or a signal is present,we will reject .
1% of the.bins in the noise-only case. Therefore, 99% of the noise only bins in the' band will be -

targeted for reuse. : . £

[0099] Using the same threshold algorithm at 10 AM, wg:'would reject about 4% of the surviving .
429 bins as containing signal. At 3 PM, Wé would eliminate usé of 6% of the surviving 418 bins," * -
and at 6 PM we would eliminate 15% of the surviving 413 bins for‘spectrum use The overall - -
result is that respectively 82%, 79%, and: 70% of the Bénd is‘sﬁll available for reuse at these -

times.

[0100] " :-By using the above-described. rﬁetf'iod, each rec;:iQer in a networkfoperating in
accordance with the;presentA invention may characteriz"é ’t.he r;(t)ise ﬁoor of a bandin terms of a
median power across it, and normalize all bin [;owers'f ih‘terfhs of tﬁis' measured band median.
- . .Establishing a-threshold (e.g., the 99th percentile f(.)r theorg:tic’al orv'r‘neasured “pure” nQise)-._f'or_' :
signal presence: determines the spectrum:waveform for all .n‘eighbor‘s to use to transmit;to this-- :
node. * v - . - Ty N LT 5 X e

REPRESENTING THE WAVEFORM PSD (QUANTIFIED BITS)

A

[6101] | ?The' .‘p;rocé_duré ébove will rﬁark a subset of the (Hundreds }o a féw thous‘and)
ﬁequeﬁcy bins as available for water-filled transmissions. Since each strong signal typically.
covers a number of contiguous bins, run length coding:is a compact and efficient representation:
of this subset.. If we‘ have, for example,. 12 strong signals appearing in a 4096-bin spectrum‘.
analysis, this representation might appear as 12 pairs of 12-bit integers (18 bytes total). The. first

number of each pair is the number of contiguous available frequency bins, and the'second is the
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number-of following contiguous unavailable bins. This representation of the desired PSD is

sufficiently compact that it. can easily be added to the power: control feedback-loop to:each:
neighbor node in the network, specifying both the neighbor’s’ desired transmit power and its

desired PSD.

TOMORROW?’S SPECTRUM: INTERFERENCE TEMPERATURE WITH ADDED WB INTERFERERS

[0102] . . Once the FCC begins to succeed in its quest for more flexible and dynamic spectrum’

use, more wideband adaptive (XG-like) emitters will appear. .They will use wideband signals to- -

limited transmit PSD. The resulting interference temperature will be the result of a number of

uncorrelated low power wideband signals again summing in the limit to a bivariant Gaussian
[ R ; g& 1"{ B :

signal In th1s case, it isn’t poss1ble to 1dent1fy 1nd1v1dual emltters just their composite power
effect The same stat1st1cal estimation techmques descnbed above may be used to estimate the

1nterference power in each bin, and send enough power in each bin to “fill it up”:to the water-.

{-.

ﬁllmg temperature below the FCC’s maximum perrmss1ble 1nterference temperature

".‘.v .

[0103] ‘ When the FCC’s spectrum management revolutron 1s complete and everyone is using:

XG technology, we can expect to see white Gaussian “noise” at all frequencies everywhere;"

equal to the FCC’s permissible interference temperature.in each band. -

REPRESENTING THE XG WAVEFORM PSD LQUANTIFIED BITS?

[0104] A compact representatlon of the XG PSD for this case would agaln be a sequence of

(I

palrs of mtegers The first number spec1ﬁes the perm1551ble power to be transmitted, and the:

1__

second the number of contlguous bins to Wthh the value applles For six different measured:

noise ﬂoors in a band, 18 bytes can represent the desired XG PSD in the power-and-spectrum-
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control feedback.loop messages to neighbors. When strong narrowband signals are-also present; .+

the permissible:power will be zero for that interval of bins. ‘ . oo

PRERAS

TRADE STUDIES FOR DESIGN OF THE SHORT-TERM WAVEFORM

[0105] FIG. 12 depicts a model illustrating an integrated system concept according to an

filling (represented by the component designated 1201) for each node to create its optimal short- . -

techniques for.-achieving very desirable waveform characteristics are ‘presented. -These .

Interference Mitigation (component 1202); Spread Spe’ctrum T ransmissions (component:1203); -: -

Multlple Correlators (component 1204); and Wlde Sense Statlonary (WSS) Baseband Signals::

- embodiment of-the present invention. . As shown in FIG. 12, the present invention uses water-"

+ term receiving .waveform for use by all of.its neighbors to communicate with it. «:The resulting -
+ spectrum is nonuniform and covers disjoint frequencies:: As a.result,:the time domain version of .
- this waveform(a basic symbol on the channel) will be far more complicated than the sin(t)/t -

. pulse generated:by a-brick wall frequency domain specification. In:.the following; a number of:! .

. techniques, which will be described in more detail below, include using: .. Intersymbol:

and Modulatlon (component 1205). .When used in: conjunctlon w1th operating nodes-in a®

reuse system that is far more efficient than any of the existing or proposed systems.cc i

INTERSYMBOL INTERFERENCE MITIGATION

[0106] . The power spectrum derived from the statlstlcal noise floor characterization descnbed

above is:a crenelated structure with fragmented frequency Support. . The first challenge was to-: "

. Rower-Limited: Regime (component 1206), these techniques provide a comprehensive spectrum’

transmit a sequence of basic. symbols with'this power spectrum (modulated to carry user data) in-

a,way that intersymbol interference is tolerable. Obviously, spacing the symbols far apart in"

time will reduce the intersymbol interference, at the cost of greatly reducing the data rate. -
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[0107]):  An-alternative approach is shown in FIG. 13. Here, the desired waveform is specified «

phase structure. X(f) is the set of the coefficients to be transmitted over the channel;-expressed as

the complex value of each frequency bin of a complex waveform (as would result from-a fast

Founer transform (FFT)) ThlS frequency vector is then expanded to a wider bandwrdth that has

zeroes 1n the ranges where the spectrum estrmator has Judged that interfering signals are present

Th1s wrder band frequency vector is then inverse- FFT ed 1nto a time waveform for transmlssmn‘- ‘

RoNY

across the channel The symbol rate on the channel 18 hlgher correspondmg to. the expanded"

i

bandwrdth of thrs vector. Y(1) is the srgnal sent over the channel which has the wider bandwrdth .

The undes1red frequen01es have been removed from y(t) by the transmlt excision.
[0108] On the recelve srde (toward the rlght most s1de of FIG 13) the receiver does a

matchlng FFT “squeezes out” the undesrrable frequenc1es (accomplrshmg recelve ex01s10n) and

then multlphes the frequency vector by the characterlstlc matched filter (wnth phases opposite to

.-!,{. .

the or1g1nal 51gnal in each frequency bm) to produce the srgnal to be detected at the onglnalg ]

symbol rate The core structure (IFFT channel FFT) corresponds to OFDM modulatlon

A

o

structure (a spectrum shapmg apphque) 1s umque to, XG A Nyqurst shaper (satrsfymg the .
Nyqurst criterion for zero 1ntersymbol mterference) algonthm perm1ts finite length symbols with.

no intersymbol interference, in spite'of the use-of noncontiguous spectrum. Thus,; X(f)7on the

i-ﬁ . ':‘. . .t ) ’ . ’ :7. . ) -: ) 3 . "
receiver side is a reconstruction of the original set of frequency coefficients with the same name

at the sender’ The user symbol rate matches the bandwidth of this frequency domain

$pecification X(f).
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CDMA:w/MULTIPLE CORRELATORS — WHITE SIGNALS : 1

[0109] .. Some throughput may be lost due to spreading (processing gain). By using multiple:
code division multiple access (CDMA) cor__relators at each receiver to permit multiple neighbors -
to send to the node at the same time, some of the throtxghput lost to spreading can:be recovered.®
Examples of . multi-correlator systems: that exchange information with multiple <nodes
simultaneously. inclt;de GPS (receiving from up to. 12 satellites) and IS-95 CDMA downlink
(sending to up,;ito 64 cell phones). The present invention uses multiple waveforms (e.g., with-
differing . phase structure) that all have the optimal PSD and have.a small, tolerable level.of.
mutual interference. For typical mobile ad hoc n'etworks, nodes usually have 4 to 6'neighbors, so%
that is a reasonable estimate of the.number of eqtrelators needed, and thus the throughput factor..
that can,be recovered. from the spreading l!oss. . L

[0110] ;- . To;achieve high -performance -'CDMA,'the‘:presen_t invention‘uses white. waveforms .
(those having;_,constant ‘power spectrum: den'sity at the detector) ‘with _pseudotandom}v!-phase L
structure. A waveform of this type can be used ,to provide a siénal thet epproximat_'es a Gaussian:
envelope to improve LPI/LPD, while providing orthégonal "CDMA for minimal:interference:
among multiple simuttaneous,transmissioné to the destination. node. .. xR e by
[Qlll] Unlike the CDMA cell tqwe;_e,' the present .invention uses small, light transceiversi
with small antenna structures, so the ,transceivets will .only t>e able to operate in wideband halfi
duplex,,_;not; full duplex, mode. This means that each- node will elternate betwéen a state of:
receiving from:-N neighbors simultaneously, and-a state of transmitting either to one neighbor, or.
to N neighbors. simultaneously when this doesn’t require an impractical dynamic.vrarvlge: . This~
requires MAC protocol that is quite different from conventional carrier sense multiple
access/collision detect (CSMA/CD) protocols, such as IEEE 802.11, which uses RTS/CTS
exchanges. The basic rule in the multi-correlator architecture of the present invention is to
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.

transmit traffic to any n.eighbors that aren’t currently transmitting. This approach provides:
another opportunity to use “Opportunistic Forwarding”, as described above: For extremely low::
delay traffic, packets-are forwarded to any node in the direction of the destination (lower hop»
count) -that is ‘not<currently transmitting(like a soccer player looking for an open team mate:
downfield). This violates the customary practice of -strict protocol layering, by:wusing -
instantaneous ‘information from the MAC layer to guide network forwarding ‘decisions. It

minimizes the:dominant end-to-end latency effect of channel access delay at each hop, providing::

- - far lowér'netwoik laténcy for critical real tinie traffic. -~ - 3 - . o

+ [0112]+:+ The invention also uses:orthogonal CDMA-waveforms, as well as that of the multi-

correlator MAC protocol, described above, to achieve optimal performance. - # F

LPI/LPD WIDE SENSE STA TIONARYBASEBAND SIGNAL AND MODULA TION

[0113] The present invention generates a waveform wrth the optimal PSD that enhances

i

5 KR B : o
LPI/LPD capablllty In some apphcatlons 1t is 1mportant to generate a wrde sense statlonary

s

| (W SS) water-ﬁllmg waveform that minimizes features susceptlble to 1ntercept by a second order- N

‘3: Tor,

cyclo statlonary 1nterceptor W1de sense statlonanty requnres that all second order statistics of -

the srgnal are constant funct10n8 of tlme meamng that the expected value of the signal (mean) 1s

fr o

constant (chosen to be zero) and the expected variance (mean power) and the autocorrelatlonw

"(r; it e o
functlon are also constant functlons of tlme Spec1allzed ﬁltenng and linear modulatlon
archltecture may be used to el1m1nate any spectral redundancy (nonlrnear constant: envelope and.

}. ~

continuous phase modulatlons are eas1ly susceptlble to second order cyclostatronary intercept)..

This symbol generation and modulation structure involves Nyquist ﬁltering of the symbols;

(limiting syml;ol frequencies to 1/(iT), where T is the symbol period on the channel), to produce:
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.9
SN

constant mean power signaling, and to prevent exposure of the symbol clock ‘b‘yl a imagnitude- -
square operation.
[0114] - In-addition, the symbols are modulated onto a carrier using uncorrelated I and Q
channels with- equal mean power to prevent exposure of the doubled carrier frequency by a +
squaring operator. ‘Making I and Q uncorrelated may be accomplished either by sending ..
uncorrelated data on each channel, or by making Q the Hilbert transform of I, resulting in single:«
'sideband r‘nodulation,of the carrier. ‘Hilbert transforms are described in A. Papoulis, Probability, -
Random Variables, and Stochastic Processes, McGraw. Hill 1991, which is incorporated herein :::

by reference in its entirety. - . S . Mo

USE OF POWER LIMITED SIGNALS FOR SPECTRUM COMPATIBILITY AND LPVLPD: (DATA
RATE << BANDWIDTH, EB ~NO) : g

[l01 15] In preferred embodlments of the present 1nvent10n network links are operated in the -
lpower llmrted regime (transmittmg far less than one bps per Hz) rather than the conventional v
-bandwrdth limited regime (with more‘ 'than ione bps per Hz) which requires high SNR-_: .
(e g >10dB for 10- 5 BER wrth QPSK). At the cost of lower data rates, this capabrlity, along *
‘w1th closed loop power control on each link, will perrmt an entire network to operate in LPI/LPD
mode Usmg‘iwide bhndwrdths and'low power also greatly enhances the spectrum compatibility~-i
zrmong Imultiple XG users and legacy users. o
[0116] Preferably, the optimal water-ﬁlling waveforms .prod'uced by the ahove-described
methods are used in a spread spectrum mode where the user bit rate is roughly an order of ..
| magnitude le;s than the basic symbol rate. Spectrum spreadmg improves LPI/LBD and*I
interference p’e.rformunce by a factor of the processing gain,wat the cost of a reduced user data.
rate. The recently introduced Turbo-Haddmard codes, which provide very low rate (e.g. rate 1/8 -
or 1/16) forward error correction (FEC) coding, may be used to address this problem. A rate of
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1/8 or 1/16 means that one user bit turns:into 8 or 16 bits with forward error correction on the.
channel. These codes have been demonstrated to operate with 10-5 BER down to Eb/No r'fltios
below 0 dB at the detector,. which is close to the ultimate Shannon bound of Eb/No = -1.6 dB.
With this approach; spectrum spreading and “FEC are combined into a single opération:
Operation at such low Eb/No ratios-provides LPI/LPD and excellent spectrum compatibility with:
other users.. The spread spectrum (e.g., an order.of magnitude greater bandwidth than the data
rate) permits - resolving multipath components.:in the .time domain, perhaps' even ' power
combining:the energy of the different multipath components in'a rake receiver. AR
[0117] .+ FIG. 14 shows a high-level block diagram of a network node 1400 (such as a software
radio, a ropter, etc.) conﬁgurgd to operate according to embodiments of the present invention.
:As sho;Qn -in .FIG. 14, nodé- 1400 comp;ises a»’receivi:ng anténna 1405, a Ttransmitting antevnna;
1410, a receiver 1415, an input ﬁ}ter' 1480, multiple,cbnélatérs 1485, a network data processor
1490,'a MAC-controller 1495, a spectrum analyzer 14'2vO,"'a buffer 1425, a signal data processor
1430, -éf'transmitter 1450, a"'comp‘ressor 1445; aﬂ;outpﬁt filter 1440 and a waveform ‘profile
- generator 1435. 2 o ' Lo ’ : TR
- [0118] % “Receiver 1415 continuously f’-x’nonit@'fs and receives aggregate signals from the
- networking eﬂ'vironni’én’t. When a signal i recei:i“}ed, receiver '31415 passes the signal to spectrum:
analyzer 1420, whicﬁ is configured to‘-‘.‘contirii‘llously measure power in all the frequencies
contained in a frequency band of interest.” The output from spectrum analyzer 1420 is a'series of
power values as a funiction of frequency. ‘Typically, although not necessarily, spectrum analyzer

1420 would store multiple power functions in a buffer 1425, which is coupled to a signal data

processor 1430 configured to create a ‘model or “normalized” power function, suchas by

coniputing the average or median power reading at each frequency in the band of interest over a
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given .period of time. Signal data processor 1430.conveys the model power function to

. waveform profile generator 1435, which, in preferred embodiments, is configured to subtract the
model power function from a specified interference temperature, limit or threshold, in order"
generate an optimal waveform profile that specifies which frequency neighboring.nodes should..

use to communicate with node 1400. -More particularly, waveform profile generator 1435

- produces an optimal waveform profile 1401 that requires neighboring nodes communicating with-=: - - .
node 1400 to use zero power. at frequencies node 1400 has determined are already populateds- :

- with signals generated by legacy communication devices.in the network. & EUN

-'[0119] . Output filter 1440 conforms-the optimal ,twavefdrm* profile created by waveform: ..

. profile generator 1435 to a format that will be understop‘d by:neighboring node 1460. In othet::
~words, output .Aﬁlter 1440 pgrforms transmit excision t(;‘remove power from certain frequencies -
that neighboring node 1460 has determinied should not be used because those frequenciesiare: : -
carrying data-signals from primary users: (e.g.,legacy~and high-pﬁoﬂty users, such as police,- ci
- governmental ‘or ‘military entities). Optionally, node 1400 includes.a COH]pI'CéSOI;'.l445, whichi v -
may be implemented in hardware, software, or both, which compresses the optimal waveférm
- profile 1401 prior to sending it to neighboring node 1460 via tif'ansmitter 1450 and antenna 14102 -~ . =
- Ina preferredfembodiment, node 1400 would also provide feedback information to: neighboring: .+ « &
node 1460 to assure that the signal neighboring node 1460 sends-back to node 1400 arrives with « ... §
. the same power level as that of every other neighbor, minimizing problems of near-far receiver-

- masking. 7
[0120] . Neighboring node 1460 typicall&l éomprises'-substantially the same components as: =~ ¢
node 1400. For simplicity’s sake, howevér, neighboring node 1460 is shown in FIG. 14 as being

comprised of ‘a processor 1467, decompressor 1465, output filter 1470, receiving.antenna 1455
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and transmitting antenna 1475. Neighboring node 1460 receives the signal containing the.
optimal: waveform profile 1401 from node 1400 via antenna 1455. If the signal containing

optimal: waveform profile 1401 is compressed, decompressor. 1465 of r;eighboring node 1460

decompresses the signal before passing it along to processor 1467. Processor 1467 is configured,

in conjunction with output filter 1470, to use the optimal.waveform profile 1401 to generate and

send-a new signal (optimal waveform 1402) corifbrming to the optimal waveform: profilet1401

when transmitting data to node 1400: In other words, the signal has been filtered such that there

is no power transmitted at the frequencies waveform profile generator 1435 determined ‘carried

signals from legacy transmission devices.~:: = - ¥

[0121] .. Neighboring node 1460 transmits information back to node 1400 in the form of the
optimal-waveform 1402 via transmitting:antenna .1475: Notably, nodes 1400 and neighboring
node 1460 may or ‘may not use a single-antenna toiperform both the transmit: and: receive

functions.. During this transmission, optimal waveform:1402 ‘may be influenced and/or partially

contaminated:by interference 1412 produced by other emitters:(e.g., legacy transmitting devices)

existing in the wireless networking environment. x:

[0122] ++. When the signal carrying ' optimal swaveform 1402 (combihed with noise and.
interference produced from interference 1412) is.received at<node 1400 via antenna ‘*1‘405 and:
receiver. 1415, it will: again be passed to spectrum analyzer 1420 for analysis and :generation. of
an “updated” -optimal waveform :profile that -takes -into account changes- in:the' wireless

Communication environment that may have occurred since the last optimal waveform profile was

generated. Such changes in the wireless communication environment might occur;.for example,:
due to a change in the physical location of node 1400 oriother mobile nodes in the network, or by:

new emitters coming online in the vicinity.of node 1400. - g
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[0123] .- Receiver{ 1415 also passes the incoming signal to input. filter 1480 (preferably, an :
optimal-matched filter), which is configured to zero-out (or ignore) any power carried ‘at-.
frequencies node 1400 previously- determined were occupied by signalsv produced by legacy :
systems:. In other words, input filter 1480 performs receiver excision because it is configured to,
be most.sensitive where the optimal waveform-profile 1401 requires theré to be power, and' -
completely insensitive to power signals carried on frequencies where the optimal :waveform: -
profile 1401 for node 1400 requires there to be noisignal. In this way; input filter 1480 removesi”
the noise and interference caused by‘ interference:1412. N

[0124]) . Input filter 1480 passes théi-ﬁltered signal  to a set of multiple' correlators 1485::
(containing correlators C1 -through CN); reachsof which is rconfigured to respond-to :unique.:
patterns; associated with one or more neighboring nodes in the vicinity of node :1400. .. Using:-
multiple correlators in this manner allows node 1400 to:receive from multiple neighboriﬁg nodes: -

simultaneously.. Once the incoming signal has ‘been- filtered by input filter 1480 .and its ‘source-

has been-identified by multiple-correlator_sr«l‘485',‘= it is then passed on:to network data.processor: -. =

1490 for processing of the data carried by the-signal, according to the specific ‘requirements,.:
applications- and/or. - networking. protocols ass_ociated‘l v;'ith{: :node 1400 and <the wirelesst
communications netwqu in general. ST I g R S T I
[0125] . Asudiscussed  above, node 1400 iswconfigured to operate in half-duplex mode, «-
mganing=that itiis always in either transmit mode.or receive mode, but not both'at the same time.:
Accordingly, node 1400 also includes a:media:access.controller (designated MAC: controller: -
1495 in FIG. 14), which is responsible for switching node 1400 back aﬂd forth between receive :
mode and -transmit mode. .. When node 1400 'is operating in receive mode, it is capable of:

receiving multiple signals from multiple neighboring -nodes, each of which uses the optimal-
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waveform 1402, as-defined by node 1400 and transmitted to those neighboring nodes. Node 1400
identifies-the source of those signals using correlators C1 through CN (designated.1485 in FIG. -

14).

[0126] -  In alternative embodiments, node 1400 may be configured to use a common, low data -

rate configuration channel to transmit waveform profile 1401 to neighboring node 1460. - . -

[0127] :.. Although the example node shown in FIG. 14 and:discussed in detail ‘above shows - .
components, such as processors, controllers, generators, antennas, filters and buffers, as separate -
physical components‘ residing at node 1400, those skilled in the art would recognize and
appreciate the fact that the invention may be advantageously combined .or divided, depending on .

- the needs of :the' particular implementation, -into | more or fewer. processors; controllers, . -

*  generators, antennas,;filters and buffers than the:number shown in the embodiment of FIG. 14, -

and that-such -components do not necessarily have to reside at each of the nodes in the network.. =+ &

It should be apparent, for example, that, although-the example node in FIG. 14 shows twov: i .-

and receive modes.: Accordingly, such alternative:configurations are not meant to fall outside the -

scope of the claimed invention. ~  -'.: | i oW Ao

[0128] - FIG. 15 contains a high-level: flow diagram illustrating the steps performed in an:.
embodiment of the present invention in order to process signals and manage: interference -
received.at:a node,:such as node 1400 described' above .with: reference to FIG. 14. ‘Beginning at.-

step. 1505, the node receives an aggregate radio signal available at the receiving node. When a ¢

signal is received, the system passes the signal through two parallel processing chains. -

[0129] : The first processing chain, depicted on the left side of FIG. 15, comprises steps 1515,

1520, 1525, 1530 and 1535. In step 1515, a plurality of instantaneous power measurements over:*
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a ‘given.length- of time are acquired for each frequency in a band. of interest and, in some

embodiments, stored in a buffer as shown in FIG. 14. Next, at step 1520, the system:determines -

a model power level based on the plurality of power levels acquired in step 1515. Such model

power level may be determined, for example, by calculating the average or median-power level -

at-each frequency during the period of time. - The model power level at each frequency is then:

subtracted -from an interference limit, step 1525. The interference limit may be specified by a -

government agency, a rule-making body an industry standard and/or some combination of all of - -

BIONN

them. TR : . S

[0130] : The difference between. the interference limit and the model power ‘level, which’
represents the amount of power spectrum available for use:by next generation systems, is used; at”~  °
step 1530, to generate an optimal waveform profile (OWP) for the receiving node to receive.::

. transmissions :from a neighboring node. .- The optimal:waveform' profile requires' that certain . -

frequencies will not be used to communicate with this node because using those frequencies will *

interfere-with legacy and primary users:communicating:in.the band. of interest. At step 1535, the i -
optimal .waveform profile (OWP) is transmitted.to other nodes:in the network. At this point, . - -

control returns to step 1505 where the system again receives the aggregate signal available:at.the -

receiving node. - caet Soe _‘ o A

[0131] : :While the optimal waveform profile (OWP) is being calculated, generated and. -

reported - to. other :nodes in steps 1525, 1530 and 1535, .the received aggregate signal is also-.+ -

examined in a parallel chain of steps (steps 1540, 1545, 1550 and 1555 in FIG. 15):to determine : -

whether-the signal contains data sent specifically-to this'node from another specific-node in the. .

network: At step 1540, for instance, the aggregate signal is filtered, such as by: an optimal-

matched filter, to remove all power carried on frequencies corresponding to transmissions’by
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legacy and primary users. These frequencies are the same frequencies specified for avoidance by = -

the optimal waveform profile (OWP) generated in step 1530.: . Next, at step 1545;-the filtered -
signal is correlated to identify a source for the transmission by determining whether-it contains a .

unique pattern associated with a particular node in the network.: .-

[0132] ... If a particular node is identified as the source of the transmitted and received signal, "

the system may optionally instruct that node to adjust the power level on its transmission:(step :
1550) soias not to overwhelm other:nodes in the.immediate vicinity. At step 1555, the signal -
data is passed to a network processor for further processing in accordance with the requirements -

of various applications and protocols, and control passes, once-again, back to step?1505, where

the system continues to receive an-aggregate signal.. -~ = . . G O

CL USTERING OF NODES TO MANA GE THE LARGE DYNAMIC RANGE OF RF LINKS IN 4 MOBILE
WIRELESS NETWORK. B e I ey ,

. [0133] ... Typical mobile networks have RF links that:have a path loss (PL) range of 60 — 120 -

- dB. This corresponds to a line-of-sight range-variation=(withf}:r2é.- loss) of -1000 to -1, or ground..

S 4 RN AR FT .
mobile range variations (with r loss) of about 30 to 1. Co-site interference limits overall

e IR

network performance because (hlgh power) transm1ssmn to a drstant receiver “deafens” all ~

nearby receivers. ThlS 60 dB dynamxc range of path loss is beyond the normal power control and -

'spunous free dynamlc range (SFDR) capabrlmes of typlcal RF transcervers o

v, i;g~

[0134] In a preferred embodlment of the present mventron co-site mterference may be "
addressed by dwrdmg the avarlable spectrum mto two bands w1th s1multaneously operatmg,

non-mterfermg half duplex transcervers on each One set of transcelvers is .used w1th1n

automatrcally formed short- range clusters €.g., nodes with 60 90 dB PL to their neighbors

w1th1n a cluster (intra- cluster commumcatrons) The other set of transceivers are configured to -
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operate -over considerably longer paths (PLs in the 90 — 120 dB range), using: far greater = -
- transmitter power, to provide inter-cluster communications. Factoring the spectrum into. two =i+,

- bands with greatly differing path loss capabilities is one way of reducing: the .dynamic range -+

required of any single transceiver to-a range that is much easier'to manage (e.g., 30 dB).

[0135] - A manager for each cluster is automatically selected, e.g., by using ‘a K-means:. .:
(position. vector..quantization) algorithm.. The manager provides a point coordination function = .-
. that controls use of any inter-cluster link. “The manager is-accessed over the intra-cluster:links, -

and grants only:serialized access to use an inter-cluster-link. . Traffic need not flowsthrough the s

. 'manager, only the channel access permission for use ofithe inter-cluster links. This eliminates " -

co-site interference within each cluster;:by: assuring that,.at most, one long range transceiver is

transmlttlng at a-time within each cluster.

[0136] Multiple CDMA correlators may be used in each short-range transceiver, -and a“- .’
- different CDMA transmission code assigned for each neighbor. Thus, a node can Teceive from

multiple:neighbors at the same time,as long as it is not transmitting. The ability to:receive from:.: = .

rnultiple:_neighhors simultaneously on each band recovers some of the bandwidth lost to the.

CDMA code ] spectrum spreadmg Srmultaneous CDMA reception from multlpleznerghbors is < -

enhanced by usmg closed loop power control from each nelghbor (e.g., over a 30‘"dB dynamlc L

B 2 SRR
range) to assure that equal power arrives at the receiver from each neighbor.

[0137] In preferred embodirnents each correlator provides “carrier sense” to indicate when a . -

partlcular nelghbor is transmrttmg The node alternates between modes of transmlttmg to a

smgle nerghbor or recewrng from mu1t1p1e nelghbors When no outgoing traffic is: queued toa

nerghbor that is not currently transmlttlng, the node sw1tches to receiving mode When outgomg

traffic is queued and no neighbor is transmlttlng to this node, the node switches to transmlt :
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mode. The:same type of multi-correlator operation may be used for the long-range'transc‘éiyers Lk
to improve their.aggregate reception data rates as well.. - S s
[0138] .= Co-site interference may also be minimized by giving each node its ‘own receive "
frequency. Under this scheme, transmit frequency is changed on a packet-by-packet ‘basis to .
send each packet to the appropriate neighbor node on the neighboring node’s -own. receive
frequency. This permits a node. to transmit out of one directional antenna (on the' appropriate - . Ty
transmit-;frequency, i.e., the neighbor's receive frequency), while simultaneously receiQing
through .multiple other directional aﬂtemas, pointed. in other *directions, on. thisinode'sown i
receive frequency. The benefits of simultaneous transmit and:receive includeboth higher ...~ ‘v
network.throughput, and lower end-to-end latency:for real time traffic. IR R P 8
[0139] A problem arises, flowever, ‘when ther_e are a multiplicity of nodes in a network and - :

each. node uses directional antennas to transmit-and receive at the same time. - Suppose, for

-example,.the node comprises a moving vehicle equipped with multiple directional antennas; one

on each side of the vehicle. The directional -antennas-usually<do not provide enough signal» . =7
separatiog to use-the same frequency to broadcast on one side.of the vehicle while.receiving on Ve
the.opposite side. The transmitting antenna will simply overwhelm the receiving antenna: For . oy
this reason, the;;transceivers on each node (or, in 'i_his éése, each vehicle) in the network may be. & - i
configured to have its own unique receive vﬁequenéy and élterﬁate'bet\veen transmit and receive
modes. While the node is in receive mode, and not transmitting, it will pick up any:signal on its ¥
assigned:frequency. - T . e

[0140] : In some networks, there is simply not enough spectrum available to allocate a unique -

receive frequency to every node in the network. The present invention addresses this problem by + -

assigning a small number of receive frequencies to nodes in such a way that nodes using the = *
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same receive ‘frequency are far enough apart so that they do not pick upw-each other’s .
transmissions. In other words, adjacent nodes are never assigned the same frequency.. 2 I K}
[0141] - FIGS. 16, 17 and .18 show the results of -simulation experiments for assigning-:
different:frequencies (sometimes referred to as “coloring”) a random layout of fifty'nodes"in a -
network.- First, as shown in FIG. 16, an attempt was made to assign frequencies to:all 50 nodes . -
using only two frequencies. In FIG: 16, the first: frequency is represented by the squares and the -
second fr‘equency is represented by. the circles. ‘If a‘link connects two nodes having thesame -
frequency:(shape), then that link is deemed to be unusable because it means those two nodes are - a
sharing the same receive frequency. - As FIG. 16 shows, it is not possible to assign one-of the:two 1 -
frequencies (i.e:, one of the two shapes):to all 50 nodes in.such a way that there-are no-links: .
connecting the same shape. Links connecting the~sar'ne:,shape~5.are shown as dotted dines inFIG. -

- 16:x So, for example, as shown in FIG. 16, the' links between nodes -1 and 7, nodes 7,land. 11, &

- nodes 1liand:21, nodes-11 and 12, nodes 13 and 3, etc.; are all. unusable links. In this-%caée;~onlyl~=~ :
. 55% ofthe links.in FIG: 16 areusable. - -+« .- s % o 7 0t L L e
[0142] - --FIG..17 shows the results of attempting to assign receive frequencies to'the same set «
of: nodesrusing:three different frequencies. (shapes) .instead "of two. - Thus, a new:frequency 2
(represented. by.ithe star shape in FIG. 17) is available to us?: at different nodes?as assigned ;-
receive frequencies. As can be seen in FIG. 17, after all of the nodes have been assigned one of .
the three available receive frequencies.(shape), more of the links (89%) are usable than occurred .\
with two: frequencies-(shapes). However, there are still a number of unusable links between :-
nodes having the same frequencies (e.g:, links connecting nodes 1 and 7, nodes 4 and:5, nodes 12.:.

and 13, etc). - - .- , '
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[0143] .. FIG::18 shows the results of attempting to assign receive frequencies (shapes) to the -

same set of 50 nodes using four frequencies (shapes) instead of three. Thus, a fourth frequency "

(represented in FIG. 18 by the triangle shape) is now available to assign to nodes. -Having: four -

different frequencies (i.e., four different shapes) to assign to-the fifty nodes makes it possible to

-

have no adjacent nodes with-the same frequency (or same shape). Thus,. 100% of the nodes:are *.

;- . connected+by usable links. This being the.case, there should be enough physical separation:-

e between'nodes using the same. receive.frequency to transmit and receive simultaneously without -

.experiencing harmful interference. - - - S "

i b

[0144] . FIG:19 shows a high-level flow diagram illustrating-the steps that may be performed :. -

by a processor configured to assign receive frequencies to a multiplicity of nodes in accordance .. . ...

with the ‘present invention, to ensure that there :are no adjacent nodes that use the same receive .

.~ frequency. -Links that are connected to nodes having the same receive frequency’ are unusable. -

. number-two) is.allocated, step 1930, and.made the current frequency (using the variable .

“curr_frequency”) at step 1940. ..~ i

.and assign it to all of the nodes inthe network.” Next, a-new frequency (receive frequency -

-+ [0145] :« :Next;:in step 1950, a node:that is at one end of an unusable link and that is not already .

7. - - As shown:in FIG. 19, the first steps, step 1910 and 1920, are to select a first receive frequency ... *

using the scurrent- frequency is selected. - The current ‘frequency is assigned as. the receive = * <y -

frequency.for the selected node unless doing so- would create another unusable link in the i

more unusable-links. If the answer is no, processing stops because all links are now usable:and -

. network: -See step 1960. In the next step, step 1970, the system checks to see if there are any -

there is no need to proceed any further. However, if it is determined at step 1970 that unusable -

links still exist, then the next step, step 1980, is to determine whether any of the unusable links
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are connected to.a node not already using the current.color. If the answer is yes, then processing
returns to steps 1950 and then 1960, wherein that node is selected and assigned the-current = .
frequency unless'doing so would create another unusable link. If, on the other hand; it is
determined at step 1980 that none of the unusable links are connected to a node not-using the .-
current frequency, then processing returns again to step 1930, where another frequency must be & -
- allocated and then assigned to nodes connected to unusable links until either all links become -
usable or no other nodes can be assigned the -newly allocated frequency. w0 hgd

[0146] = The above-described embodiments are by no means meant to limit the scope of the -

invention. Though the invention has been: described with respect .to preferred iembodiments .51

- thereof, many variations and modifications will become apparent to those skilled in the art upon = o+

reading this disclosure and fhe-following claims, as well as practicing the claimed invention. It.is: = ¢ -

. therefore the intention that the claims be .interpreted as broadly.as possible in view. of the prior-s7 +% it

art, to-include all:such variations and modifications. -

3
¢
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e <+ CLAIMS -

-What is-claimed is: o B S T ' .

1. A method for managing interference in a radio communications network, comprising the .

A

steps of:
rece1v1ng an aggregated radio srgnal ata first node in the radio communications

network ona plurahty of frequenc1es

determlnlng a power level for the aggregated radlo srgnal for each frequency in the : .

plurahty frequencres

e . R

subtractmg the power level for each the frequency from a power limit to produce a

‘power differentials’ for the each frequency, and

- instructing'a second node in the radio communications network to avoid using a
A transmission freqiency corresponding to a' non-'positive power differential in
the plurality of power differentials to.transmit to the first node.

2. The method of claim 1, further comprising the steps-of: -

receiving a transmission from the second node in the radio communications network; :

and
discarding any portion of the transmission carried on'the transmission frequency.

3. The method of claim 1, wherein the step of determining a power level is carried out by:

acquiring a plurality of instantaneous power level measurements for each the

frequency; and

calculating an average power level based on the plurality of instantaneous power

level measurements.

4. The method of claim 1, wherein the step of determining a power level is carried out by:
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acquiring a plurality of instantaneous power level measurements for the each

frequency; and

calculating a median power level based on the plurality of instantaneous power level :

measurements.

5. The method of claim 2, wherein the discarding step comprises applying a filter to the
transmis_sion.

6. The method of claim 1, further comprising the step of:

sending to the second node a reouest to 'adjlist a transmission power level on a
frequency corresi)onding to a positive power differential in the plurality of

. power differentials.
7. The method of claim 1, further cohiprisinéthe step of

mstructlng a plurality of other nodes in the radro communications network to avoid

" using the transmission frequency to transmit information to the first node.

8. The method of clalm 7 further compnsmg the steps of

- » - - iy

receiving a transmission from one of the plurallty of other nodes and
discarding any portion of the second transmission carried on a frequency
corresponding to a non-positive power differential in the plurality of power.

‘differentials.

9. The method of claim 8, further comprising the ste'i) of:

sending to the one of the plurality of other nodes a request to adjust a transmit power - :
level on a frequency corresponding to a positive power differential in the

plurality of power differentials.

10.  The method of claim 1, further comprising the steps of:

determining an updated power level for the aggregated radio signal for each

frequency in the plurality frequencies;
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subtracting the updated power level for each-the frequency from the power limit to

produce a plurality of updated power differentials; and

instructing the second node to avoid transmitting to the first node on a frequency .
- corresponding to a non-positive updated power differential in the plurality of

updated power differentials.

The method of claim 1, further comprising the steps of: : »?

generating an optimal waveform profile based on the plurality of power differentials; -

and
reporting the optimal waveform profile to the second node.

The method of claim 11, wherein the reporting step is carried out using a common.

network conﬁguration channel

' 'The method of claim 11, further compnsmg "the step of compressing . the optxmalf

waveform proﬁle prior to performmg the reportmg step

_ The method of cleim 11, wherein the optimal Wavefdrrn profile specifies a waveform

pattem.

The method of claim 14, wherein'the waveform pattern defines a transmission :signal-

B
. 2

' havmg a power spectral densrty that vanes over tlme

The method of claim 14, further compnsmg the steps of:

generatlng a second optxmal waveform proﬁle based on the plurality of power

differentials; and

reporting the second optimal waveform profile to a third node in the radio

communications network;

whereln the second optlmal waveform proﬁle specrﬁes a second waveform pattern

that is orthogonal to the waveform pattern.
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17.. . The method of claim 1, wherein the power limit is'specified by a rule-making body. . - .
18.  The method of claim 1, wherein the power limit is specified by an industry standard.
19. The ﬁethod of claim 1, wherein the plurality of frequencies comprises all of the -
frequénéies in a radio frequency band. |
20.  The method of claim 1, further comprising the steps of:
associating a unique patfem wvi-fh~the. sécond ;ui)de; and
dét-él;rnining whe-ther the transmission contairis the @ique péttern.
21. A method for managing inte:riferen'cg m a ;_adio chgmmu.rlric_:ation_s network, comprising the ..
steps of: | ‘

~ receiving at a first node in the radio communications network an instruction
transmitted from a second node in the radio communications network to .

avoid using a plurality of freqUencies to transmit to the second node;

filtering a transmission signal to remove power from the transmission signal at each

*_ frequency in the plurality of ﬁequenf:@s; and

transmitting the transmission signal to the second node.
22. The method of claim>21, ﬁ.}rther comprising the stéps of:,;
receiving an optimal waveform profile from the second node, the optimal waveform. . :

profile being based on zi.plurality of power measurements for the pluralify of

frequencies and a power limit; and

conforming the transmission signal to the optimal waveform profile prior to

performing the transmitting step.
23.  The method of claim 22, further compﬁsing the step of decompressing the optimal
wéveform profile prior to performing the conforming step.
24.  The method of claim 22, wherein fﬁe power limit is spec.iﬁed by a rule-making body.
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The method of claim 22, wherein the power limit is specified by an industry:standard:
A 'method of 'managing interference in a radio communications network, the radio
communications network having a multiplicity of nodes, each node in the multiplicity - -
having attached thereto a set of antennas, each antenna in the set being oriented in a
unique direction relative to other antennas attached ‘to each the node, the method -
comprising the steps of: ' : E . x

dividing the multiplicity of nodes into a plurality of giode clusters;
. assigning a unique receiving frequency, to each node in at least one node cluster;

assigning a unique transmission frequency to each antenna in the set of antennas

attached to a first node in the at least one node cluster;

wherein the unique transmission frequency assigned to the each antenna corresponds
to the unique receiving frequéncy assigned toa neighboring node in the at

_least one node cluster; and

wherein the neighboring node is located.in the unique direction in which each the
antenna is oriented to face. |
The method of claim 26, further compriéing‘ the step of fransmitting an outgoing message
from the first node to the neighboring node via a‘_tr‘a_psmitting' antenna in the set of -

antennas- attached to the first node using the unique receiving frequency assigned to the

PRSI

The method of claim 27, further comprising the ‘step of transmitting a second outgoing

message from the first node to another neighboring node in the at least one node cluster
via a second transmitting antenna in the set of antennas attached to the first node using .-

the unique receiving frequency assigned to the another neighboring node.
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The method of claim 28, wherein the step of transmitting the outgoing message to the.-

‘neighboring node and the step of transmitting the second outgoing message to the another -

neighboring node are.carried out simultaneously."

The method of claim 27, further comprising the step of receiving, at the first node;, via a ..

second antenna in the set of antennas attached to.the first node, an incoming message .. -

from another neighboring node in the at least one node cluster, using the unique receiving - -
frequency assigned to the first node.. '
The method of claim 30, wherein the step of transmitting the outgoing message to.the

neighboring node and the step of V receiving the incoming message from the another

neighboring node are carried out simultaneously. -

A radio communications device, comprising:

a receiver configured to receive an aggregated radio signal,

a spectrum analyzer, coupled.:tc; the receiver, configured to produce a series of power -
readings for the aggregated radio sigh_al for each frequency in a plurality of

frequencies;

. -:.a waveform profile generator configured to-produce-a waveform profile based on the -
series of power readings and a power"‘ limit, wherein the waveform profile

defines a set of unacceptable transmission frequencies; and

-
~t

a filter, coupled to the receiver, configured to detect in the aggregate radio signal a
transmission signal addressed to the radio communications device, and to
discard any portion of the transmission signal carried on a frequency
corresponding to an unacceptable transmission frequency in the set of

unacceptable transmission frequencies.
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The radio communications device-of claim 32, further comprising a signal data processor-

configured:to generate a: model power level for the aggregated radio signal for each-: .

frequency in the plurality frequencies based on the series of power readings.
The radio. communications device of claim 33, wherein the signal dataprocessor is
further - configured to calculate -an average power -level based on a plurality of

instantaneous power level measurements. :: 2 . o

The radio communications device of claim 33, wherein the signal data ‘processor is* -

‘further configured to calculate a median power level based on a plurality of instantaneous

power level measurements. .. ' RIS
The radio communications device. of claim 32, wherein the waveform profile is further
based on a set of power differentials between the power readings for each the frequency

and the power limit. e L

lT,h_c ra_diq communications device of claim 32, further comprising a transmitter

-~ configured to transmit the waveform profile to a secondiradio.communications device...

The radio communications device of claim 37, further comprising a correlator, coupled to

the ‘filter, ‘configured to determine whether the’ transthission signal contains a pattern

urifquél& associated with the second radio communications device.
The radio communications device of. claim 37, further comprising a‘plurality of -

éor’relétoré, coupled to the filter, conﬁgufed to determine whether the transmission. signal
Lo i ' . s . -

contains one of a multiplicity of patterns, each pattern being uniquely associated with one- -

of a multiplicity of other radio communications devices.
The radio communications device of claim 39, wherein each pattern in the multiplicity of

patterns is orthogonal to each other pattern in the multiplicity of patterns.
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The radio. communications device of claim 32, further. comprising a ‘media access:
controller configured to toggle the radio communications device between a transmit:.’ - »
mode and a receive mode.

The radio communications device of claim 32, further comprising a" compressor
.configured to compress the waveform profile. .. - ) ' e

A method for managing co-site interference in a wireless network héving a multiplicity of = -
‘nodes, comprising the stepsof: .-. .~ . .. . _ R

identifying a subset of nodes within the multiplicity of nodes, wherein each node in : i)
the subset is capable of transmitting data to each other node in the subset in
accordance with a connectivity threshold and using a power setting that falls

within a low power range;

defining a collection of transmission frequenciéé to be used by nodes of the subset

only when transmitting to a node outside of the subset; and
perﬁﬁtting only one member of the subset at a time to transmit using any
"% transmission frequency within the collection. - -
The method of claim 43, further é&ﬁprising the"stepA of serially allocating to the members -
of the s&bSet perrriissibn to transr'nlé iillsirig'lza transm1551on freqﬁéﬂcy within tﬁe collection.
The method of claim 43, further E:ompﬁéing thc; .stép“c;f defining a range of high power ! -
'1evéls to be used by members of iﬁe subset while using a transmission frequency 'vf/ithin.;.
the colléction. - ‘ - o t
The me{ilod of claim 43, further cofnprising repeating t;,}ie idehtifying'step.
The method of claim 43, further cbmprising repééting the identifying step according to a -

schedule.
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48. - The method of claim 43, further comprising repeating the identifying step at regular «.
intervals: AU : :

49.  The method of claim 43, further comprising repeating the identifying step if a node in the i
‘multiplicity of nodes has changed locations.

50.  The method of claim 43, wherein the.identifying step is carried out using:a K-Means '

- vector quantization algorithm.. |

51.  The method of claim 44, wherein:the serially allocating step is carried out using a point -
coordination function.

52.  The method of claim 43, further cdmprisi;g the steps bf: -

| | | identi'fying a second subsét of nodes ,.within the mﬁitipiicity of nodes, wherein eéch
| node in the second subset is cépable of transmitting data to each other node in

the second subset in accordance with the connectivity threshold using a

power setting that falls within a medium power range;

defining a second collection of transmission frequencies to be used by the nodes of
the second subsét to transmit using a powéf%—s"etting that falls outside the

medium power range;

permitting only one node of the second subset at a time to transmit using any

transmission frequency within the second collection.

oLy

v

53. T_he met.hod of claim 52, further comprjsing the step of serially allocating to the meﬁlbers'i :
of the second subset permission to transmit using a transmission frequency within thét' )
second collection. |

54. "_[:he meﬁt‘}.}od {)f claim 52, wherein the steb of identifying a second subset is carried out -

using a K-Means vector quantization algorithm.
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The method of claim 53, wherein the step of serially allocating is carried"out using a -

point coordination function.

The method of claim. 43, wherein all nodes in the subset are configured to receive

- transmissions on any transmission frequency in the collection while no node in the subset -

is transmitting on the any transmission frequency:
The method of claim 56, further comprising the steps of:

... associating a deﬁne_d waveform pattern with the subset of nodes; and
determining whether received transmissions contain the defined wavefofm pattern. - ::
The mefhod of claim 56,“ further cc;mprisi;lg tﬁé Asﬂtéps of _
| aésaciating a unidue spread spectrurrgl éodé with thc subset 6f nodes; anc‘l'
determining whether received transmissions contain the spread spectrum code.

The method of claim 43, wherein the coll.ection comprises a radio frequency band.

The method of claim 43, wherein the subsét‘:‘i‘vis cdflﬁguréd as a wireless local area -

-

network.
The method of claim 43, wherein the subset is configured as a wireless metropolitan area -

network.

The method of claim 43, wherein the subset is configured as a wireless wide area -

Tyl

The method of claim 43, wherein the subset is configured as a wireless Intranet.

, The method of claim 43, wherein the wireless network is the Internet.

A method for managing congestion at an elevated node in a wireless network having a-

multiplicity of nodes, comprising the steps of: .
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¥ . identifying-a subset of nodes within the multiplicity of nodes, each node in the subset *:

being capable of transmitting data to each other node in the subset in
accordance with a connectivity threshold and usmg a power setting that falls

within a low power range

defining a collection of transmission frequencies to be used by nodes of the subset

only when transmitting to the elevated node; and
pennitting only one member of the subset at a time to transmit using any
trarismission frequency within the collection.
The method of claim 65, further comprising the step of serially allocating to’ the nodes of .

the subset permission to transmit using a transmission freQuency within the collection:.

The method of claim 65, further compriéing the step df defining a range of high power"

~ levels to be used by nodes of the subset while using a transmission frequency within the

collection

The method of claim 65 ﬁlrther comprlsmg repeating the 1dent1fy1ng step.

\

The method of claim 65, further comprising repeating ‘the identifying step accordlng toa -

schedule
The method of clalm 65, further comprising repeatlng the 1dent1fy1ng step at regular:i*

mtervals. .

The me;hodb of elaim 65, fur“ther comnrisrng repeating the identifying step if a node'in the’:» ;
multiplicity of nodes has changed locatiens.

The method of claim 65,_ yvherein the identifying step is carried out using a K-Means -
\rector quantization algorithrn. | | :

The method ef claim 66, vr/herein the step of -serially allocating is carried out»using a

point coordination function.
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The method of claim 65, wherein-all nodes in the subset are configured to. réceive
transmissions on any transmission frequency in the collection while no node in the subset .

is transmiéting on the any t;aﬁsmission frequency.‘

The method of claim 74, further comprising the steps of: ‘ L o

associating a defined waveform pattern with the_sub_set of nodes; and TR
determining whether received transmissions contain the defined waveform pattern. . : v

The method of claim 74, further ééffi'prisirig the steps of T ) P

~ associating a unique spread spectrum ¢ode with the subset of nodes; and *

determining whether received transmissions contain the spread spectrum code.

I

The method of claim 65, wherein the collection ébmpriées a radio frequency band.

The method of claim 65, wherein the subset is coriﬁgured as a wireless local area ' -
network.
The method of claim 65, wherein the subset is ébnﬁgured as a wireless metropolitan area "

network.”

The method of claim 65, wherein the subset is configured as a wireless wide area .

network.

The methéd of -claini 65, wherein the subset is configured as a wireless Intranet.
The mestl;z;d olf claim 65, whérein th.é.wireleséznet\‘li;()lrk is the' Internet.
A wireless net\;vork, comprisihg:

a f)l‘uriality of short-rangé linké;

a mul_tiplicity of npdes cénﬁgurcd to

automatically identify a cluster of nodes within the multiplicity capable of

transmitting data to each other node in the cluster via the plurality .
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of short-range links using a power setting that falls within a low

power range, and

select a node in'the cluster to act as a long-range transmission manager,
wherein the long-range transmission manager is configured to
permit only one member of the cluster at a time to transmit using

any power setting that falls outside the low power range.

84.  The wireless network of claim 83, wherein the long-range transmission manager is
further qonﬁgured to allocate to the one member permission to tfansmit using a
transmission frequency that falls within a collection of transmission frequencies.

85. The wireless network of claim 84, wherein each node in the cluster of nodeé is configured
to receive a data signal on the transmission frequency while no node in the cluster is
transmitting on the transmission frequency.

86.  The wireless network of claim 85, wherein each node in the cluster comprises:

a correlator configured to determine whether the data signal contains a pattern

" " associated with the cluster.
87. A radio communications device for a wireless network having a multiplicity of other
radio communications devices, comprising:

a transmitter configured to send data to any other radio communications device in the

multiplicity using a power setting that falls within a low power range; and

a media access controller configured to receive a plurality of requests from the
multiplicity of other radio communications devices to transmit using a power

setting that falls within a high-power range;

plurality of requests at a time.
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“The radio communications device of claim 87, further comprising a receiver configured - .

to receive any transmission having a power level that falls within the high-power range -

while no radio communications device in-the multiplicity of other radio communications: '

1

The radio communications device of claim 88, further comprising:

a correlator configured to determme whether the any transmission contains a pattern
associated with a partlcular rad10 commumcatlons device in the multlpllclty

of radio communications devices.

The radio communications dévice of claim 88, further comprising:

a plirality of correlators, each one of the plurality of correlators being configured to ;. *
~ determine which of the multiplicity of radio communications devices sent the

any transmission.

1In a wireless communications network comprising a multiplicity of nodes and configured

to transmit a data stream along a route from a source node in the network to a destination

node in the network aécordihg' toa roufirig—"protoéol, a method of méﬁaging real-time data -

traffic, the method comprising the steps of: -

receiving at an intermediate node in the route'a data packet from the data stream and+ - - -

_arequest to transmit the data packet to a next node in the route;
determining whether the next node is operating in a receiving mode;

if the next node is operating in the receiving mode, transmitting the data packet to

the next node; and

if the next node is not operating in the receiving mode, forwarding the data packet to
any other node in the multiplicity of nodes that is both in the receiving mode

and nearer to the destination node than the intermediate node.

- 65 -
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92.

93.

1 94.

95.

96.

97.

Docket Np. 02-4099

- The method of claim 91,-wherein the step :of forwarding comprises :the step of .

. determining whether the any other node is operating in the receiving mode. o

The method of claim 91, further comprising the step of periodically repeating the step of
determining whether the next node is operating in the receiving mode.

The method of claim 91, further comprising the step of incorporating the data packet into

- a-waveform containing a pattern uniquely associated with the next node. -

' The method of claim 94, wh'erci.n the next node corfl[irises a correlator conﬁglifed to

detect the pattern.

The method of claim 91, further cérﬁprisirié the step of incorporating the data packet into

a waveform coniaining a patiefn tiniquely associated with the any other node.

The method of claim 96, wherein the any other node comprises a correlator configured to

detect the pattern.

- 66 -
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Docket No. 02-4099

‘SPECTRUM-ADAPTIVE NETWORKING

' - S ~ ABSTRACT OF THE DISCLOSURE "

The present invention increases the available spectrum in a wireless network by sharing existing -

~ allocated (and in-use) portions of the RF spectrum in a manner that will minimize the probability -

. of interfering with. existing legacy users. The invention provides interference-'temperamre-‘x‘

adaptive waveforms and a variety of physncal and media access control protocols for generating -

waveforms based on measurement and charactenzation of the local spectrum. The invention

- measures . the local spectrum at a receiving node, generates an optimal‘waveform profile ‘¢~
specifying transmission parameters that will water-fill unused spectrum up to an interference. - .

limit without causing harmful interference to pnmary and legacy transmitters using the same .-

M.

A frequency bands and enables 51multaneous transmit and receive modes at a multlphclty of -

transceivers in a wireless network. - The. mvention also prov1des closed loop feedback control

. between nodes co- -site interference management 1ntersymbol interference mitigation, wide sense

stationary ~baseband signaling and. modulation, and power limited signaling for avoiding

detection and interception.

.67 -
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Comparison of Theoretical PDF of Noise Power and Measured Histogram
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DECLARATION AND POWER OF ATTORNEY FOR PATENT
APPLICATION

Artomey Docket No.  02-4099

As a below named inventor, [ hereby declare that;

My residence, post office address and citizenship are as stated below next to my name,

P.Q2

I believe I am the original, first and sole inventor (if only one name is listed below) or an ungmal ﬂrst and"-', T

joint inventor (if plural names are listed below) of the subject marter which is claimed and for which a
patent is sought on the invention entitled:

SPECTRUM-ADAPTIVE NETWORKING

the specification of which (check one) [ X ) is attached hexeto. [ } was filed on

as Appln. Senial No, and was amended on
(ifapplicable). Ihereby state that ] have reviewed and understand the contents of the above identified
speclﬁcaucn mcludmg the claims, as amended by any amendment referred 1o above.

I acknowledge 1he duty (0 disclase’ information which is material to the patentability of this application in
accordance with Title 37 Code of Federal Regu!auons, Section 1.56(a).

1 heteby claim foreign pnorlty benef' ts under Title'35, United States Code, Section 119 of any foreign
application(s) for patent or inventor’s certificate listed below and have also identified any foreign

application for patent or inventor’s certificate having a filing date before that of the application on which
priority is claimed:

Prior Foreign Application(s) : Prigq

(Number) - ' - (Country) o (DaQIMontlew filed)

[ hereby claim the benefit under Title 35, United States Code, 119(e) of any United States provisiona!
applications(s) listed below.

60/420.930 :
(Application Number) (Filing Da_tc)

I hereby claim the benefit under Title 35, United States Code, Section 120 of any United States
application(s) listed below and insofar as the subject matter of each of the claims of this application is not
disctosed in the prior United States application in the manner provided by the first paragraph of Title 35,
United States Code, Scction 112, T acknowledge the duty to disclose material information as defined in
Title 37, Code of Federal Regulations, Section 1.56 which occurred between the filing date of the prior
application and the national or PCT international filing date for this application:

' (Applln.. Senal Nd.') ) (Filing Date) (Status--patented, pending, abandoned)

DC: 1035278-)

[_]Yes [_)No
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P.03

Atiorney Docket No. 02-4099

I hereby appoint the following attorney(s) and/or agent(s) to prosecute this application and to transact all
business in the Patent and Trademark Office connected therewith:

Leonard C, Suchyta, Reg. No. 25,707, James Weixel, Reg. No. 44,399, Loren Swingle, Reg. No.
32,764, Adam. T, Bernstein, Reg, No. 36,746, and Joel Wall, Reg. No. 25,648
Andrea G, Reister, Reg. No, 36,253; Paul J. Berman, Reg, No. 36,744

Address all telephone calls to ~ James K, Weixel at telephone no.  ~ (781) 466-2220
Address all correspondence to Leonard C. Suchyta
c/o Christian Andersen

Verizon Corporate Services Group Inc.
600 Hidden Ridge, HQEO03HO1
Irving, TX 75038

I hexeby declare that all statements made herein of my own knowledge are true and that all statements
made on information and belief are believed 10 be true; and further that these statements were made with
the knowledge that willful false statements and the like so made are punishable by fine or iprisoament, or
both, under Section 1001 of Title 18 of the United States Code and that such willful false statements may
jeopardize the validity of the application or any patent issued thereon.

FULL NAME OF SOLE OR FIRST INVENTOR _ Jersy D. Burchfiel

Inventor's signature %%&_W Dae _[O / / éz oy

Residence _Waltham, Massachusetts Citizenship _USA

Post Office Address 270 Bishops Forest Dr., Waltham, MA 02452
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Docket No.: 02-4099

" (PATENT)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Patent Application of:
Jerry D. Burchfiel
Application No.: To be Assigned \ | Group Art Unit: To be Assigned

Filed: October 22, 2003 ‘ Examiner: To be Assigned

For: SPECTRUM-ADAPTIVE NETWORKING

Information Disclosure Statement

Commissioner fbf Patents
P.O. Box 1450 )
Alexandria, VA 22313-1450
Sir:

Listed on‘~acc§mpanying Form PTO/SB/08a/b are documents that may be considered
material to the examination of-this application, in compliance with the duty of disclosure.
requ_irement; of 37 C.F.R. §§ 1.56, 1.97 and 1.98.

Where the publication date of a listed document does not provide a month of publication,
the year of publication of the listed document is sufficiently earlier than the effective U.S. filing
date and any foreign priority date so that the month of publication is not in issue. App’licants have
listed publication dates on the attached PTO/SB/08a/b based on information presently available
to the undersigned. However, the listed publication dates should not be construed as an
admission that the information was acmaliy published on the date indicated. \

Applicants reserve the right to establish the patentability of the claimed inventio-ﬁ over

any of the information provided herewith, and/or to prove that this information may not be prior
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App. No.: To be Assigned _2- Docket No. 02-4099

art, and/or to prove that this information may not be enabling for the teachings purportedly
offered.

This statement should not be construed as a representation that a search has been made, or
that information more material to the ex;mination of the present patent application does not
exist. The Examiner is specifically requested not to rely solely on the material submitted
herewith. It is further undersfood that the Examiner will considér information that had been cited
by or submitted to the U.S. Patent and Trademark Office in a prior application relied on under 35"
U.S.C. § 120. 1138 OG 37, 38 (May 19, 1992).

Applicants have checked the appropriate boxes below.

X 1. Thisllnformation Disclosure Statement is being filed within three months of the US.
filing date OR before the mailing date of a first Office Action on the merits. No
statement under 37 C.F.R. § 1.97(e) or fee is required.

‘02. This Information Disclosure Statement 'is being filed more than three months after the

| ~ US. filing date AND after the mailing date of the first Office” Action on' the
merits, but before the mailing date of a Final Rejection or Notice of Allowance.

Oa. I hereby state that each item of information contained in this Information
Disclosure Statement was cited in a communication from a foreign patent
office in a counterpart foreign application not more than three months
prior to the filing of this Information Discldsure Statement. 37 C.F.R.
§ 1.97(e)(1).

Ob. Ihereby state that no item of information in this Information Disclosure Statement
was cited in a communication from a foreign patent office in a counterpart
foreign application, and, to my knowledge 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)
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App. No.: To be Assigned -3- Docket No. 02-4099

more than three months prior to the filing of this Information Disclosure
Statement. 37 C.F.R. § 1.97(e)(2).

Oc. Attached is our Check No. in the amount of § _____ in payment of the
fee under 37 C.F.R. § 1.17(p).

0 3. This Information Disclosure Statement is being filed more than three months after the
U.S. filing date and after the mailing date of a Final Rejection or Notice of
Allowance, but before payment of the Issue Fee. It is hereby requested that the
Information Disclosure Statement be considered. Attached is our Check No.

in the amount of § __ in payment of the fee under 37 C.F.R.
§ 1.17(i). A
Oa. I hereby state that each item of information contained in this Information
Disclosure Statement was cited in a communication from a foreign patent
office in a eounterpart foreign application not more than three months
prior to the filing of this Information Disclosure Statement. 37 C.F.R.
§ 1.97(e)(1).
Ob. Ihereby state that no item of information in this Information Disclosure Statement
- was cited in a communication from a foreign patent office in a counterpart
foreign application, and, to my knowledge 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 Information Disclosure
Statement. 37 C.F.R. § 1.97(e)(2). |

O4. Relevance of the non-English language document(s) is discussed in the present
specification.

0O5. The document(s) was/were cited in a corresponding foreign application. An English
language version of the foreign search report is attached for the Examiner's
information.

D6. A concise explanation of the relevance of the non-English language document(s) appears

below:
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App. No.: To be Assigned -4- Docket l'\io. 02-4099

0O 7. The Examiner's attention is directed to co-pending U.S. Patent Application No.
, filed , which is directed to related technical subject

matter. The identification of this U.S..Patent Application is not to be construed as
a waiver of secrecy as to that application now or upon issuance of the presentv
application as a patent. The Examiner is respectfully requested to consider the
cited application and the art cited therein during examination.

08. Copies of the documents were cited by or submitted to the Office in Application No.

, filed , which is relied upon for an earlier ﬁlihg

date under 35 U.S.C. § 120. Thus, copies of these documents are not attached. 37
C.F.R. § 1.98(d).

It is respectfully requested that the Examiner ini;tial and return a copy of the enclosed
PTO/SB/08a/b, and to indicate in the official file wrapper of this patent application that the
documents have been considered.

The U.S. Patent and Trademark Office is hereby authqrized to che{rge any fee deficiency,
or credit any overpayment, to our Deposit Account No. 50-0740, referencing Docket No. 02-

4099.

Dated: October 22, 2003 Respectfully subniitted,

tea G. Reister ,
Registration No.7/36,253
COVINGTON & BURLING
1201 Pennsylvania Avenue, N.W.
Washington, DC 20004-2401
(202) 662-6000
Attorney for Applicant
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Approved for use through 07/31/2006. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Substitute for form 1449A/B/PTO Complete if Known
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