2 UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PQ. Box 1450

lesig‘?sd;g,g\gl::gmia 22313-1450
| 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

R AT AR
Dept. SVIPGP 000000097 78636/

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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2 UNITED STATES PATENT AND TRADEMARK OFFIGE

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

Alexandria, Virginia 22313-1450

[ APPLICATIONNUMBER | 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

PR Dosketing - Foor 43 A
PRUDENTIAL TOWER

800 BOYLSTON STREET
BOSTON, MA 02199-3600

78636

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+ The Power of Attorney to you in this application has been revoked by the assignee who has intervened as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 required to respond to a collection of information unless it displays a valid OMB control number
/ Patent Number 7,483,711 \
PATENT - POWER OF ATTORNEY

Issue Date 01-27-2009
OR First Named Inventor Jerry D. Burchfiel
REVOCATION OF POWER OF ATTORNEY [~ '
WITH A NEW POWER OF ATTORNEY SPECTRUM-ADAPTIVE

AND NETWORKING
\ CHANGE OF CORRESPONDENCE ADDRESS  [Attorney Docket No.

USTAP030 )

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

D A Power of Attorney is submitted herewith.
o]

R | 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
I:' | 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:

|i] The address associated with the above-identified Customer Number.
OR

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

|:| Firm or
Individual Name

Address

City | State | | Zip |

Country

Telephone I Email I

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

OR
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.

I:‘ 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.S.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 (56 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.

2. Arecord 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.

3. 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.

4. 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).

5. Arrecord 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.

6. 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)).

7. Arrecord 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.

8. 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.

9. Arecord 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. From: BURCHFIEL, JERRY D. To: BBNT SOLUTIONS LLC
The document was recorded in the United States Patent and Trademark Office at
Reel 014638 ,  Frame 0084 , or for 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.

If you need assistance in completing the form, call 1-800-PT0-9199 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.

2. 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.
3. 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.

4. Avrecord 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).

5. 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.

6. 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)).

7. 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.

8. 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.

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

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.

Ex.1009 / Page 7 of 166
Intel Corporation and Lenovo (United States) Inc.



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.

2. 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.
3. 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.

4. Avrecord 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).

5. 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.

6. 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)).

7. 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.

8. 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.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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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 Slze(B}ttes)l Multl' 'Pages
Number Message Digest | Part/.zip| (if appl.)
494328
1 Power of Attorney USTAP030_POA .pdf no 2
087faaa098fa79769717628bd2eSad02dfa3|
73a2
Warnings:
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Information:

428749
) Assignee showing of ownership per 37 USTAPO30_373b.pdf no 5
CFR3.73
31709789d2961261c3d694607f794d 10cce)
Warnings:
Information:
427569
3 Assignee showing of ownership per 37 USTAPO30_373b2.pdf no 5
CFR3.73
8ad53cb423fb6al2fc03d9b072f2c0c1 31 1fc
Warnings:
Information:
Total Files Size (in bytes)1 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 PATENT AND TRADEMARK OFFICE

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

P.0.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 hitp://pair.uspto.gov for additional applicants):

Jerry D. Burchfiel, Waltham, MA;

IR103 (Rev. 11/05)
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S X
.

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

002/002
,
4
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
INSTRUCTIONS: This form should be used for transmitting the 1SSUE FEE and PUBLICATION FEE (if required). Blocks | through S 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 comrected 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 CORRESPONDENCE ADDRESS (Note: Usc Block 1 for any change of,

=
LV Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This cestificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

) Certificate of Mailing or Transmission
+] 1 hereby certify that this Fee(s) Transmitia} is being deposited with the United
‘] States Postal Service with sufficient postage for first class mail in 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 , ._Pamele A. Harrison Dcposios ovn
02 FC:1504 300.00 DA __Mﬁ&km_m (Signature)
o December 19, 2008 (Dae)
[ 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 $1,510.60 $300.00 $1,810.00 December 22, 2008
[ EXAMINER [ ART UNIT [ crasssuscLass | -
T. A. Tran 2648
1. Change of correspondence address or indication of "Fee 2. For printing on the patent front page, list
Address” (37 CFR 1.363). (1) the names of up 1 3 registored patent | _Ropes & Gray LLP

Change of comespondence address (or Change of | aftomeys or agents OR, altematively,
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 attomey or agent) and the names of
o S TO/SB/a7: Rev 0302 or more recent) attached, | UP 10 2 registered patent attomneys or agents. Ifno 3
Usc of a Customer Number js 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, Massa.chusetts
Please check the appropriatc assignee category or catcgories (will not be printed on the patent) D Individual Corporation or other private group entity [:] Govemment
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 discaunt permitted) I:I Payment by credit card. Form PTO-2038 is attached.

Iz] The Director is hereby authorized by charge the required fee(s), or credit any overpayment, 1o
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 [.27. (] b Apticant is no longer claicning SMALL ENTITY status. See 37 CFR 127()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 fee 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 attomey 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 E{,%p»_\ 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 Trademark Officc; U.S. DEPARTMENT OF COMMERCE
11482527_1.00C

PAGE 2/2* RCVD AT 12/19/2008 6:20:51 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/30 * DNIS:2732885 * CSID:617 951 7050 * DURATION (mm-55):01-04
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DEC 19 2008

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

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 transmissicn to us by return
mail at the address below. i

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.

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

11482506_1.D0OC 1

PAGE 1/2* RCVD AT 12/19/2008 6:20:51 PM [Eastern Standard Time} * SVR:USPTO-EFXRF-6/30 * DNIS:2732885 * CSID:617 951 7050 * DURATION (mm-s5):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 I EXAMINER |
ROPES & GRAY LLP TRAN, TUAN A
PATENT DOCKETING 39/41 | ART UNIT PAPER NUMBER |
ONE INTERNATIONAL PLACE

2618

BOSTON, MA 02110-2624 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 (f 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
PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010.

Ex.1009 / Page 14 of 166
Intel Corporation and Lenovo (United States) Inc.



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

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
ingicated 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
maintenance 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 09/22/2008
Certificate of Mailing or Transmission
ROPES & GRAY LLP I hereby certify that this Fee(s) Transmittal is being deposited with the United
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
[ Change 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) : [ Individual [ 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.
[J Advance Order - #of Copies [ 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. e 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 CFR 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 va.g de ending 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,%.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.

PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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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 DOCKETNO. |  CONFIRMATION NO. |
10/689,763 10/22/2003 Jerry D. Burchfiel BBNT-P01-238 6023
28120 7590 09/22/2008 I EXAMINER |
ROPES & GRAY LLP TRAN, TUAN A
PATENT DOCKETING 39/41 | ART UNIT PAPER NUMBER |
ONE INTERNATIONAL PLACE 618

BOSTON, MA 02110-2624 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.

Page 3 of 3
PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010.
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Application No. Applicant(s)
. - 10/689,763 BURCHFIEL, JERRY D.
Notice of Allowability Examiner Art Unit
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)[J Al b)[JSome* c)[JNone of the:

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)

2. [[] Notice of Draftperson's Patent Drawing Review (PTO-948)

3. [ Information Disclosure Statements (PTO/SB/08),
Paper No./Mail Date

4. [] Examiner's Comment Regarding Requirement for Deposit
of Biological Material

5. [] Notice of Informal Patent Application
6. [ Interview Summary (PTO-413),
Paper No./Mail Date .
7. Examiner's Amendment/Comment
8. X Examiner's Statement of Reasons for Allowance

9. [0 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.”

Ex.1009 / Page 18 of 166
Intel Corporation and Lenovo (United States) Inc.



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

Ex.1009 / Page 19 of 166
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | 1ogg9763 BURCHFIEL, JERRY D.
““ ‘H m “ Examiner Art Unit
TUAN A TRAN 2618
ORIGINAL INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
455 522 Hlo]| 4|8 7100 (2006.01.01)
Hfo]4|a 7120 (2006.01.01)
CROSS REFERENCE(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
455 68 69 70 63.1 114.2
455 127.1 4521 452.2
O Claims renumbered in the same order as presented by applicant O CPA O T.D. O RA1.47
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 )

1 1 27 43 59 75 91

12 12 28 44 60 76 92

13 13 29 45 61 77 93

14 14 30 46 62 78 %4

15 15 31 47 63 79 95

16 16 32 48 64 80 %
NONE

Total Claims Allowed:
21

(Assistant Examiner) (Date)
/TUAN A TRAN/
Primary Examiner.Art Unit 2618 09/15/2008 O.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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Docket No.
AMENDMENT TRANSMITTAL LETTER BBNT.P01.238
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 X 0.00 0.00
Independent -
Claims 2 - 8 = 0 X 0.00 0.00
Multiple Dependent Claims (check if applicable) I:l
Other fee (please specify):
TOTAL ADDITIONAL FEE FOR THIS AMENDMENT: 0.00

Large Entity |___| Small Entity

No additional fee is required for this amendment.

D 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 ggplication processing fees required under 37 CFR 1.16 and 1.17.
i Mu Dated: May 27, 2008

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.

Dated: - 9’ 7 - 0 Signature: Mary Murphy)

11094824_1.DOC
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,g‘@v rtify that this correspondence is being deposited with the U.S. Postal

=2
| he‘r
[ "SBiviee with sufficient postage as First Class Mail, in an envelope addressed to:
i Amendment, Commissioner for Patents, P.O. Box 1450, Alexandria, VA

22313-1450, on the date shown below. Docket No.: BBNT-P01-238
Dated: 5 - ‘27‘0 7 Signature: %M/\M (PATENT)

(Mary(@firohy) |

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

In response 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 instantaneous 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 subpitted,

By/ /

Edw3/d 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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PTO/SB/06 (07-06)

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.

PATENT APPLICATION FEE DETERMINATION RECORD | Application or Docket Number | Filing Date
Substitute for Form PTO-875 10/689,763 10/22/2003 |:| To be Mailed
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALLENTITY [] ©R SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE ($) FEE ($)
L1 sasic Fee N/A N/A N/A N/A
(37 CFR1.16(a) (b). or (c))
[J sEARcH FEE
(37 CFR116(K). (). or (m)) N/A N/A N/A N/A
D EXAMINATION FEE
(37 CFR 1.16(0), (o), or (@) N/A N/A N/A N/A
(T3?TC/-\F|;??_1%I('I\;I)S minus20= | * X$ = ORI xs =
INDEPENDENT CLAIMS , N _ -
(37 CFR 1.16(h) minus 3 = xX$ = Xs =
If the specification and drawings exceed 100
O sheets of paper, the application size fee due
A3F7’Fg_,:l(éA1T1lgN SIZE FEE is $250 ($125 for small entity) for each
( 166s) additional 50 sheets or fraction thereof. See
35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16(s).
[:l MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL TOTAL
APPLICATION AS AMENDED — PART II
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
= 05/29/2008 | prrer PREVIOUSLY EXTRA RATE ®) | Fep $) RATE (5) FEE ($)
E AMENDMENT PAE FOR
s ;r?et(?)ly (37 CFR « 21 Minus | = 97 -0 X$ = OR | x $50= 0
[a)
z e 2 Minus | =8 =0 x$ = OR || x s210= 0
<§( |:| Application Size Fee (37 CFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(})) 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®) | reE (3 RATE (3) FEE ($)
— AMENDMENT PAID FOR
E Ifgg‘)l @7 CFR . Minus | = = Xs$ = OoR | xs =
= | et Minus | +» - xs = or [xs =
E |:| Application Size Fee (37 CFR 1.16(s))
=
< |:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.18(})) OR
TOTAL TOTAL
ADD’L OR ADDL
FEE FEE
j*lf the e;nt_ry in column 1 is Ies_s than theT entry,in column 2, write_ “0” in column 3. o Legal Instrument Examiner:
If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”. JJACQULYN L. WILLIAMS/
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.
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-PT0-9199 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.0. Box 1450

Alexandria, Virginia 22313-1450

WWW.usplo.gov

I APPLICATION 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 [ ARTUNIT ] PAPERNUMBER |
2618 ’
| MAIL DATE I DELIVERY MODE |
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.

PTOL-90A (Rev. 04/07)
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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)] Claim(s) ____is/are objected to.
8)[] Claim(s) _____ are subject to restriction and/or electibn requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[C] The drawing(s) filed on isfare: 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)J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)J Al b)[J Some * c)[] None of:
1.[J 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)).
* 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) [ interview Summary (PTO-413)
2) [] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. ______
3) [X] Information Disclosure Statement(s) (PTO/SB/08) 5) L] 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 Paper No./Mail Date 20080219
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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.

Ex.1009 / Page 36 of 166
Intel Corporation and Lenovo (United States) Inc.



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 5§71-272-1000.

o —

Tuan Tran
AU 2618
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PTO/SB/032/ (08-03)
Approved for use through 07/31/2006. OMB 0851-0031
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 8 jon of & jon unjess it ins a valid OMB control number.
;ﬁ'nne for form 1449A/B/PTO Complete if Known
@ " ., |Aeplication Number 10/689763
INFORMATION DISCLOSURE  |iing 0ate October 22, 2003
STATEMENT BY APPLICANT  [fistNemedinventor  [Jerry D. Burchfiel
Art Unit 2681
(Use as many sheets as necessary) Examiner Nama Not Yet Assigned
Sheetl 1 I of | 1 Attomey Docket Number |02-4099 (BBNT-P01-238)

U.S. PATENT DOCUMENTS

Examiner | Cite Document Number Py ion Date Name of Patentee or g:g? ,ams' Co!wnnspassag.esLhot:s Rem':t
intias* | No.' | Number-kind Code® ( #known) | MM-DD-YYYY Applicant of Cited Document Figures Appear

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

[TT/]AB |US-2002/0022495 02-21-2002 jChoi et al.

FOREIGN PATENT DOCUMENTS

Exami Cite Foreign Patent Oc Pu!;l;;ﬁon Name of Patentee or ,,,Pam ::mpa' u"ess sages
Intals® | No.' | Country Code®Number*ind Code® (¥ known) | MM-DD-YYYY Applicant of Cited Dx t or Relevant Figures Appear | T
*EXAMINER: Initial if or not citation is in conformance with MPEP 609. Oraw line through citation if not in conformance and not

considered. Inctude 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 mey were previousry cited by or submitted to the Offica in a prior application reied upon in this
application for an earlier filing date under 35 U.S.C. 120. ' Applicant's unique citation designation number (optional). * Ses Kinds Codes of USPTO Patent
Documents at www.uspto.qoy or MPEP 801.04. 3 Enter Office that issued the document, by the two-istter code (WIPO Stanmm S1.3). ‘For Japanese patent
documents, me Indicaﬂon of the year of the reign of the Emperor must precede the sanal number of the patent *Kind of by the approp

as i d on the d under WIPQO Standard ST.16 if possible. Appllcam Is to placo a check mark here if English tanguage Translation is
anached‘

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, joumal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city | T?
and/or country where published.

*EXAMINER: Initial if or not citation is in confomance 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 T is h
Examiner Date
Signature MuanTran/ Considered 02/19/2008 |
9466076
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PT {08-03)
Approved for use through 07/31/2008. OMB 0851-0031

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

Under the Papeiwork Reduction Act of 1995, no persons are required b respond to @ collecion of iformation urfess il conteins a vaikd OMB control number.

Substitute for form 1449A/B/PTO ' Complete if Known
Application Number Not Yet Assigned
INFORMATION DISCLOSURE  |iing Date October 22, 2003
STATEMENT BY APPLICANT - |FrstNamedtventr |Jerry D. Burchfiel
AtUni ' N/A
(Use as many sheets as necessary) Examiner Name Not Yet Assigne d
Sheet | 1 | of [ 1  [atomey Docket Number [02-4099

U.S. PATENT DOCUMENTS
Document Number

Examiner | Cit ——] Publication Bate Name of Patentee or Retavant Passages o Relovant
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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. 2 Docket No.: BBNT-P01-238
A Dated: November 15, 2007 Signature: W;;nlgneZRya,n(/) M / (2N (PATENT)

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;

10805151_1.DOC
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Application No.: 10/689,763
Response dated November __, 2007

Docket No.: BBNT-P01-238

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

10805151_1.DOC

Resp 1ly/ submitted,

s LA
Ed#ard A. Gordon, Esq. A
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 re%ired to respond to a collection of informgtion unless if disEIays 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

Art Unit 2618 l 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 $
[ ] 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.

I:] A check in the amount of the fee is enclosed.

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

E] 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.

I am the I:I 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.

/{ Regjgtration number if acting under 37 CFR 1.34
” / ; November 15, 2007

Slghature Date
Edward A. Gordon (617) 951-7066
Typed or printed name Telephone Number 2
™~
[=ad
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 g
than one signature is required, see below. =
Y
Total of * . 1 forms are submitted. w
=
(=]
i
o
S B
8 o
g s
| 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 =4 cou
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. 2 —
=3
< " <
Dated: __£{ //5/0 7— Signature: (/da\ (Joanne Ryan) &
. [ )
S B
< (34
[1¥] Lt
S &S
10805587_1.DOC 1 Qoo
Ll -t
- S
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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.0. Box 1450

Alexandria, Virginia 22313-1450

WWW.USplo.gov

l APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. I CONFIRMATION NO. I
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 oo R NUVBER
BOSTON, MA 02110-2624 , | i |

2618
I MAIL DATE l DELIVERY MODE J
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.

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
10/689,763 BURCHFIEL, JERRY D.
Office Action Summary Examiner Art Unit
Tuan A. Tran 1 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.
- 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 22 October 2003.
2a)[] This action is FINAL. 2b)[] This action is non-final.
3)d 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

49X 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)[] Claim(s) is/are rejected.
7)[O 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)[C] 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)[J Some * ¢)[] None of:
1.0 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)). _
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) [ Notice of Reterences Cited (PTO-892) 4) [ interview Summary (PTO-413)
2) [J 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 Paper No./Mail Date 20071001
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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:

I 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.

Il. 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 -

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

IV.  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.

V. 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.

VL. 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.

VII.  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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Application/Control Number: 10/689,763 Page 4 -
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 [li] has separate utility such as dividing a multiplicity 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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Application/Control Number: 10/689,763 Page 6
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 hitp://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 éutomated information

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

b

Tuan Tran
AU 2618
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hereby certify that this corespondence 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, Aleyghdria, VA 22313-1450, on the
/ date shown pelow.,
Dated: ( Signature:
(Dawn Class)

Docket No.: BBNT-P01-238

(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Jerry D. Burchfiel

Application No.: 10/689763

Filed: October 22, 2003

Group Art Unit: 2681

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/ / 7//0{ ~

9656220-1

Respectfully submitted,

W

Corey Scott
Regjétration No.: 56,245
&

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

(617) 951-7000
(617) 951-7050 (Fax)
Attorneys/Agents For Applicant
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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, Alexandria, VA 22313-1450, on the date .
&Y/ shown below. Docket No.: (BBNT-P01-238) 02-4099

Dated: _Septomber 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, )j /‘4

Edwg@ A. Gordon
Registration No.: 54,130
ROPES & GRAY LLP
One Internationa! Place
Boston, Massachusetts 02110-2624
(617) 951-7000
(617) 951-7050 (Fax)
Attorneys/Agents For Applicant
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{ CHANGE OF

Application Number 10/689763
CORRESPONDENCE ADDRESS 10/22/2003
L 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

Attorney 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 - IState r 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

D 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 é

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 multipte
forms if more than one signature is required, see below*. .

|:| *Total of ! 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 l WM
Ryan)

Ex.1009 / Page 58 of 166
Intel Corporation and Lenovo (United States) Inc.



<

e,
%
CATN>

feby certify that this correspondence is being deposited with the U.S. Postal
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

fown 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

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,

o LI

A. Gordon

Registration No.: 54,130
ROPES & GRAY LLP
One Intemational Place
Boston, Massachusetts 02110-2624
(617) 951-7000
(617) 951-7050 (Fax)
Attorneys/Agents For Applicant
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PTO/SB/21 (02-04)

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.

TRANSMITTAL
FORM

(to be used for all comespondence after initial filing)

Application Number

10/689763

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 [¢]

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)
D Extension of Time Request
D Express Abandonment Request

EI 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

D Drawing(s)

D Licensing-related Papers

D Petition

Petition to Convert to a
Provisional Application

Power of Attorney, Revocation
Change of Correspondence Address

I:I Terminal Disclaimer

I:] Request for Refund

I:] CD, Number of CD(s})

After Allowance communication
to Technology Center (TC)

Appeal Communication to Board of
Appeals and Interferences

Appeal Communication to TC
(Appeal Notice, Brief, Reply Brief)

D Proprietary Information

D Status Letter

Other Enclosure(s) (please
Identify below):

l Remarks I

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

receipt postcard

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

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

Individual name

Signature

Date June 11, 2004

Doz I~

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: @////O¢

9466088.1

Signature: %/LL /&’/ak— (Joanne Ryan)

Ex.1009 / Page 60 of 166

Intel Corporation and Lenovo (United States) Inc.



| 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'[[ [ % Signature: @WL Q’k. (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 submpitted,

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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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.

PTO/SB/08a/b (08-03)

Approved for use through 07/31/2006. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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jstitute for form 1449A/B/PTO

" INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

(Use as many sheets as necessary)

Complete if Known

Application Number

10/689763

Filing Date

October 22, 2003

First Named Inventor

Jerry D. Burchfiel

Art Unit

2681

Examiner Name

Not Yet Assigned

Sheet | 1 l of | 1 Attomey Docket Number [02-4099 (BBNT-P01-238)
U.S. PATENT DOCUMENTS

Examiner | Cite Document Number Publication Date Name of Patentee or ;:gz:’ﬁg:g;&f;ev&:ﬁ
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

Examiner | Cite Foreign Patent Document Pu)gaic;ﬁon Name of Pgtemee or w:ig:RS:v'g:‘T;a:':a?% ”
Initials* No." | Country Code®-Number*ind Code® (i known) | 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 previously 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). 2 See Kinds Codes of USPTO Patent
Documents at www.uspto.qov 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 serial number of the patent document. ° Kind of document by the appropriate
symbols as indicated on the document under WIPO Standard ST.16 if possible. 8 Applicant is to place a check mark here if English language Translation is

NON PATENT LITERATURE DOCUMENTS

attached.
Examiner | Cite
Initials” | No."

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.

*EXAMINER: Hnitial 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
9466076
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PTO/SB/05 (08-03)
Approved for use through 07/31/2006. OMB 0651-0032

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

SPECTRUM-ADAPTIVE NETWORKING

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 disptays a valid OMB control number.
Attorney Docket No, 02-4099
UTILITY First Inventor Jerry D. Burchfiel
PATENT APPLICATION
' TRANSMITTAL Title

Express Mail Label No. l ]

- Reference to sequence listing, a labls

ora P prog listing
- Background of the Invention

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

ACCOMPANYING APPLICATION PARTS

- Brief Summary of the invention
- Brisf Description of the Drawings (if filed) 9.
- Detaited Description
- Claim(s) 10
- Abstract of the Disclosure "
4. E Drawing(s) (35 U.S.C. 113} {Total Sheets | 19 |1 [11.
5. Qath or Declaration {Total Sheets | 2 [} {12
a. E Newly executed (original or copy) 13.°
b. Copy fmm a pnor apphcahon (37 CFR 1 63(d)) 14,
(for ! with Box 18
i D DELETION OF INVENTOR(S) 15.
Signed (s)
named in the prior application, ’ 16.
- ses 37 CFR 1.63(d)(2) and 1.33(b). :
- , 17.
18] Appl‘cat»on Data Sheet. See 37 CFR 1.76 _ _

X | Assignment Papers (Cover sheet & document(s))

37 CFR 3.73(b) Statement
(when there is an assignee)

1]

Power of
Attorney
English Translation Document (if applicable)

Information Disclosure
Statement (IDSYPTO-1449
Preliminary Amendment

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

Copies of IDS
Citations

D]l ID< ]l

D Other:

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

18. If a CONTINUING APPLICATION, check appropriate box, and supply ths

specification following the title, or in an Application Data Sheet under 37.CFR 1. 76:

Continuation Divisional Continuation-in-part (CIP)

P

Prior appl:cauan information:

of prior application No.:

information below and.-in the first sentence of the ]

of the

Art-Unit:

or divisional application and is hereby incorporated by
reference. The incorporation can only be relied upon when a pomon has been Inadvertently omitted from the submitted application parts.

For CONTINUATION OR DIVISIONAL APPS only: The entire dlsclosura of the prlor application, from which an oath or declaration Is supplied
)| under Box 5b, is considered a part of the disc!

19. CORRESPONDENCE ADDRESS

. | x | Customer Number: | 32127 ‘ | or [ ] conespondence address betow
“Aname Leonard C. Suchyta
c/o Christian Anderson
| address Verizon Corporate Services Group Inc.
i 600 Hidden Ridge, HQE03H01
ety Irving State Texas [ Zio code~ [ 75038
| Country USA Telephone | (781) 466-2220

" | Signature

| Name (PrintType) AndreaG Reister ~7 Y

Registration No. (Attorney/Agent)

///mmmé{l [cecot—

36,253

pate | QOctober 22, 2003
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MS Patent Application :
APPLICATION ELEMENTS . Commissioner for Patents g K
See MPEP chapter 600 conceming utility patent application contents. ADDRESS TO: P.O. Box 1450 9_
) — Alexandria, VA 22313-1450 [\ Wop)
Fee Transmittal Form (e.g., PTO/SB/17) 7. CD-ROM or CD-R in duplicate, large table or (D ©
{Submit an original, and a duplicate for fee processing) Computer Program (Appendix) U
2 D Applicant claims small entity status. a.  Nucleotide and/or Amino Acid Sequence Submission P
: See 37 CFR1.27. (if applicable, all necessary) z ) 8
1s. E Specification {Total Pages 1 Computer Readable Form (CRF) ! % o
(preferred arrangement set forth below) Jecificati . . ~
= Descriptive il of the invention b. Specification Sequence Listing on: \ %1:
- Cross Reference to Related Applications
- Statement Regarding Fed sponsored R & D

-
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Use in lleu of PTOISB/7 (08-03)
(Form updated to refiect FY 2004 fees effective 10/1/03)

FEE TRANSMITTAL e ool A
Application Number ° Not Yet Assign d
for FY 20 04 Filing Date October 22, 2003
Effoctive 10/01/2003, Patont fo abjoct o rovisi First Named Inventor Jermry D. Burchfiel
= 3 Il es are subjec annual revision. . n
Examiner Name Not Yet Assign d
D Appficant claims small entity status. See 37 CFR 1.27 Art Unit N/A
TOTAL AMOUNT OF PAYMENT ($) 2,626.00 Attomey Docket No. 02-4099
METHOD OF PAYMENT (check all that apply) FEE CALCULATION (continued)
[xJoroax [ Jemst [JMerer [ Jower [ Jnone | 3. ADDITIONAL FEES
Deposit Account:
Deposit 50.0740 :argo E:tlty SFmalI Ev:lty
Account - ee ee L bod -
Number Code (5) |Code ($) Fee Description Fee Pald
Oeposit . j . _
Account Covmgton & Burhng 1051 130 | 2051 65 Surcharge - late filing fee or oath
Name Surcharge - late provisional filing fee or cover
The Director is authorized to: (check afl that apply) 1052 S0 12052 25 sheet.
Charge fee(s) indicated below Creditany overpayments | 1053 130 | 1053 130 Non-English specification
D E:;:g:ﬁg?‘y additiona! fee(s) during the pendency of this 1812 2,520 | 1812 2,520 For filing a request for ex parte reexamination
" . Requesting publicaticn of SIR prior to
Charge fee(s) indicated below, except for the filing fee 1804 920 [ 1804 920 Examiner action
to the above-identified deposit account. 1805 1,840°| 1805 1,840+ Requesting publication of SIR after
Examiner action
FEE CALCULATION 1251 110 | 2251 55 Extension for reply within first month
1. BASIC FILING FEE : 1252 420 | 2252 210 Extension for reply within second month
Large Entity Small Entity 1253 950 | 2253 475 Extension for reply within third month
Feo Feo . ‘(";’ EeoDescription ~ FeePaid | 1254 1480|2254 740 Extension for reply within fourth month
1001 770 | 2001 385 Utility filing fee 770.00 1255 2,010 | 2255 1,005 Extension for reply within fifth month
1002 340 | 2002 170 Design filing fee 1401 330 | 2401 165 Notice of Appeal
1003 530 | 2003 265 Plantfiling fee 1402 330 | 2402 165 Filing a brief in support of an appeal
1004 770 | 2004 385 Reissue filing fee 1403 290 | 2403 145 Request for oral hearing
1005 160 | 2005 80 Provisional filing fee 1451 1,510 | 1451 1,510 Petition to institute a public use proceeding
SUBTOTAL (1 1452 110 | 2452 55 Petition to revive -~ unavoidable
. ( ) ( ) . 1453 1,330 | 2453 665 Petition to revive - unintentional
12. -EXTRA CLAIM FEES FOR UTILITY AND REISSUE | 1501 -1,330 2501 665 Utility issue fee (or relssue)
Extra Fee from P
Claims below Fee Pald | 1502 480 | 2502 240 Design issue fee
§Total Claims | 97 | -20~=| 77 |x| 18.00 [=|1,386.00 1503 640 [ 2503 320 Plantissue fee
:r;;i7pendent 8 3= 5 |x| ss00 |=| 43000 1460 130 | 1460 130 Petitions to the Commissioner
aims
Multiple Dependent = 1807 50 | 1807 50 Processing fee under 37 CFR 1.17(q)
Large Entity | Small Entity 1806 180 | 1806 180 Submission of Information Disclosure Stmt
Fee Fee | Fee Fee Recording each patent assignment per
p . a .
-f Code (§) |Code ($) Feo Description 8021 40 | 8021 40 oropertv (times number of oroperties) 4000
1202 18 [2202 9 Claims in excess of 20 Filing a submission after final rejection
S | 1809 770 | 2803 385 (37 CFR 1.129(a))
1201 86 | 2201 43 Independent claims in excess of 3 N .
N . . 1810 770 | 2810 385 For each additional invention to be
1203 290 | 2203 145 Multiple dependent claim, if not paid examined (37CFR 1.129(b))
1204 86 | 2204 43 ** Reissue independent claims 41801 770 | 2801 385 Request for Continued Examination (RCE)
over original patent Request for expedited examination
1205 18 | 2205 9 * Reissue claims in excess of 20 1802 900 | 1802 900 of a desian application
and over original patent Other fee (specify)
SUBTOTAL (2) [($) 1.816.00 | | "Reduced by Basic Filing Fee Paid SUBTOTAL (3) [($) 40.00
**or number previously paid, if greater; For Reissues, see above .
SUBMITTED BY (Complete (if applicable))
| Name (PrinvType) |Andrea G. Reister )| Regisration No. 36, 253 Telephone|(202) 662-6000
vee) |Andrea G. A, (Attorney/Agent) ' P

Signature / W / C//b@t’/— Joae  [octover 22, 2003

Ex.1009 / Page 65 of 166
Intel Corporation and Lenovo (United States) Inc.



Docket No.: 02-4099
(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 LETTER

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 Applicaﬁion:
1. Fee Transmittal;
2. Utility Patent Application Transmittal;
3. Appli;:atioriData Sheet;

4. Utility application comprising: 51 pages of description; 15 pages of claims (97
claims); a one page ébstract; 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 retum 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{es;;kgully submitted, zp

Andrea G. Rexster

Registration 36,253
COVINGTON & BURLING
1201 Pennsylvania Avenue, N.-W.
Washington, DC 20004-2401
(202) 662-6000
Attorney for Applicant
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: . _— Docket No. 02-4099

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 usersA (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 continue§ .to 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
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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 T 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 .

i

arrangement, if it is widely adopted, will create an opportunity to “underlay” existing primary

applications with low-power, low-impact opportunistic applicatidns that operate below the

- t

threshold. -~ =~ ° ' Lo ‘ - i
[0005] While the Spectrum Policy Task Force Report r_écommends a new set of rules for

spectrum use that in turn will provide a sound framework for using the available spectrum more

efficiently, the report does not address many important and heretofore. unanswered questions

t

about how to build and configure networks and deviceés that comply with the new set‘ of rules.

Accordingly, what is'ﬁeedea are tools, devices and applications XG users can build, configure

and deploy in order to take advanfage of the proposed épectnfm policies. .

SUMMARY OF THE INVENTION

[0006] The present invention provides key enabling technology to implement the FCC’s new - '

3 ; §

ﬂexiblewspectrum unse policy. ‘The invgntibn addfessps both individual lspectrufn management .
devices and provides an integrated S);stém concept\ for dy;lamic, adaptive, radio frequency
spectrum assignment and use. The result is far greater spectrum efﬁciéncy, providing
megabif] 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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services on existing bandwidth allocations with minimal or no interference to, and -from, existing -

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;

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 power control algorithm with each neighbor to

throttle 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 enhégmcé Low Probability of Intercept (LPI); and

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

throughput against average end-to-end delafy. (This results in real time traffic, e. g., voice,
being sént 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 w‘ireless. communications systems: and
technologies. | | N | |

| [0009] The present invention solves 'the spectrum en51s ~currently plagumg commercial,
mrlrtary, government and private usersvby prov1d1ng va way to underlay spectrum- efficient
megab1t rate networking onto bands allocated for other purposes The invention can thus be
used, for example, to nnderlay military networking below any narrowband-channelized. spectrum )
where individual channels have less than 100% duty cycle, such as in commercial-‘cellular,A ‘
without interfering with existing legacy 1i’sers of these bands. Initial use of existing frequency
allocations ensures that the invention‘may'be implenrented donrestlcally without -dishlacing or
upsettmg exrstmg users. In overseas locatrons and n wartlme however, the 1nventlon 1is not
restrrcted to these particular bands, and the ﬂexrble hardware and software made possrble by the -

1nvent10n will also operate in other frequencies w1thout hardware modification. N o

[0010] In general, the.present invention orovides a method for rnanaging interference in a radio
comrnunications network, comprising the steps of: (1) receiving an aggregated radio signal at a
first node-in the radio communications nelWork 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

-4-
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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

i

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
portion of the transmission carried on the transmission frequency the second node was instructed -

to avoid. Typically, although not necessarily, the discarding step is accomplished by applying an -

-optimal matched filter to the transmission, saxd opt1ma1 matched filter being - keyed to the °

Anstruction sent to the second node. By dlscardmg a portron 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 acqumng a plurahty of instantaneous power level

measurements for each frequency and calculatmg an average power level based on the plurahty

of 1nstantaneous power level measurements ThlS creates a model” power level, of sorts, that

may reﬂect a more accurate measure of the power levels present at the pluralrty of frequencres

e

over a given penod of time. Altematrvely, the model power level also may be determined by .

A

calculatlng a median power level: based on the plurahty of instantaneous power level .

-measurements. .

‘[0013] In pfeferred 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 theisame 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 le've] 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 come on line. Accordingly, 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. woob o vt

[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
belng based on a plurality of power measurements for a plurality of frequenmes as measured

N
from the second node and the power llmlt In this aspect of the invention, the method may also.

mclude the step of decompressing the opt1mal waveform proﬁle prlor to generatmg a‘

transmlssmn 81gnal conforming to the proﬁle. ‘ _ N

[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 fmultiplicityv! L
having attached thereto a set of antennas onented to face dlrectlons relative to other antennas .

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

v
e - - i

into a plurallty of node clusters 2) ass1gn1ng a umque rece1v1ng frequency to each node in a

Sy L

node cluster and (3) ass1gmng a unique transmlssmn frequency to each antenna in the set of’
antennas attached to a first node in the node cluster wherem the unique transmlssmn frequency:

assigned to each antenna is equ1valent to the umque rece1v1ng frequency assigned to a:

neighboring node in the node cluster.

[0019] In thls aspect, the invention may tunher comprlse transm1tt1ng outgomg messages from
the first node to the neighboring nodes usmg unique receiving frequencies assigned- to the
nelghbormg 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 devrce, and to discard any portion of the itransmission signal carried on a:
frequency- corresponding to an unacceptable tr'ansmission t:requency. The waveform profile
deﬁnes the set of unacceptable transmrssron frequen01es 'A radio communications device

e T E

operatlng in accordance with this aspect of the mventron may also mclude a srgnal data processor

conﬁgured to generate a model power level (e g, an average or medran power level) for the
aggregated radlo 51gna1 for each frequency in the plurahty frequenmes 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 radlo communications device or to

multiple radio communication devices in the network.

[0021] Preferably; the radio communications derlice in this-embodirnent 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 cornrnunications devices in the network. Each pattern in a multiplicity of patterns 1s
orthogonz:l to each other pattern so that the correlators ma;r 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.

.ot

[0022] In still another aspect of the invention, there is provided a method for managing co-site
interference in a wireless network, comprising the steps of: (1) identifying a subset of nodes

within a multinlicity of nodes, each node in the subset being capable of transmitting data to each
other node in the subset in accordance with a defined connectivity threshold and using a power
settlng that falls w1th1n a low power range (2) deﬁnlng a collection of transmission f:'requenmes1

to be used by nodes of the subset only when transmlttmg toa node outsxde of the subset; and (3) -

permlttmg only ‘one node of the subset at a tlme to transmit usmg any transmission frequency .
w1thm the collectlon In this embodlment access to eertam frequenc1es for data transmlss1ons
are serially allohated to the members of the subset S0 that only one node may use those:
frequenmes ata t1me Smce nodes in a moblle network may be moving continuously, the method -
may further 1nclude the step of updatmg.the subset of: hodes in short (i.e., low power) range of
each other accordlng to a schedule at regular 1ntervals when it is determined that a mgmﬁcant
amount of node movement has occurred, \or ubon a determination that some combination of any

one or all of the foregoing situations has occurred.

T [

[0023] In preferred embodiments, the step of identifying a subset of nodes in short range of each -
other is camed out usmg a K-Means vector quantlzatlon algorlthm The step of senally
allocatlng permlssmn to use the long-range links is carrled 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 of transmission frequencies is generated, this -
collection to be used by the nodes of the second eubset to transmit using a power setting that falls
outside the medium power range. Here again, only one node'- 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 nlanaging congestionAajt an elevated node in a vuireless
network compnslng the steps of: (1) 1dent1fy1ng a subset of nodes w1th1n a mu1t1p11c1ty ofnodes,
each node in the subset being capable of transmlttmg data to each other node in-the subset in -
accordabce w1th a deﬁned connectnvnty threshold and using a power settlng that falls wnthln a
low pouver range 2) deﬁmng a collectlon of transmtsswn frequenmes to be used by nodes of the -
subset only when transmitting 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 serially 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.

-10 -
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[0027] A wireless network configured to operate in- accordance with the present inventiom ::
comprises a plurality of short-range links, a multiplicity of nodes configured to-automatically .
identify a cluster of nodes within the multiplicity capable of transmitting data to each other node' -
:in the cluster via 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 .

«

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

b5

time to transmit usmg any power settmg that falls outside the low power range.

iR s & e B 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 usmg a power setting that falls w1thm a high power range. Here again, the: media access " -

controller is conﬁgured to grant only one request in the plurallty of requests at a time. The radio»

w4 e N r

communicatlons dev1ce may be further conﬁgured to recelve any transmission havmg a power
level that falls w1th1n the high- power range while no radio communications device in the:

multiplicity of other radio commumcations dev1ces is transmitting using the: power level.

Preferably, the radio commumcations dev1ce also mcludes a correlator, or multiple correlators o

HES R

conﬁgured to determine whether the transmissmn contams a pattern assocrated wrth a particular..

OR

radio commumcations device in the multiplic1ty 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 configuredito 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

-11 -
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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 multiplicity of nodes that is both in the receiving'mode and:

nearer to the destination node than the intermediate node.

[.0-030] Aspects‘of the present invention may be." implemente(li1 nsing soﬁware radio technology,”
which .provides flexibility to make dynamic: adaptive use of spectrum under rapidly changings
interference conditions. Software radios also support advanced adaptive Media Access Control:
. (MAC) -.protocols.‘ Vanu, Inc. (www.vanu.com) of Cambridge,- Massachusetts, for- example,
makes. software radios suitable for us'ing ‘as a transceiver in a network configured-to.operate in

.accordance with the present invention. - - - S : ie

‘4-[0031] Soﬁware radio technology also enables 1mplement1ng embodlments of the present
1nvent10n usmg COTS (commerc1a1 off- the shelt) processor-based radlos that w1ll improve over:
time, 1ncorporat1ng new s1gna11ng protocols as they become: avallable and incorporating ever.

R .;.‘

more efﬁcrent components in terms of size, welght and power Soﬁware ‘radlos may be built.
around Intel Pentmm 4 processors, for example, vyvhich currently operate at clock speeds of about::
3..2 GHz, are Eproject;ed to operate at clocl; rates heyond 10 GI-lz by 2005. Because. the soﬂware
nsed in a software radio is portable, netiworl(s and networl(ing deyices designed' according to
embodiments of the present invention can be upgraded over time to feature the latest 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. : W e

BRIEF DESCRIPTION OF THE DRAWINGS

[6032] The foiegoing sumrnéry, as:'well as the following detailed description, will be best
understood in conjunction with the aitachéd dréwings, whioh are incorporated in and constitute
part of the specification. The drawings illustrate preferred embodiments of the invention, and,

together, with;the description, serve to explain the principles of the present invention.,

[0033] FIG 1 deplcts a hlgh-level block dlagram 1llustrat1ng an arrangement of some: of the -

phys1cal components in a transceiver conﬁgured to operate accordlng to an embodiment of the:

3 R
N

present 1nvent10n.

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

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

invention.

4 =. : : L

[0035] FIG. %Ngraphically illustrates a method of calculating the power spectral density (PSD) of'

an optimal waveform according to embodiments of the invention. S

[:'OL036] FIGs. 4 through 11 contain plots and graphs illustrating the results of spectriim measuring

eXperirnenfs 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.

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

-
4

invention, to mitigating intersymbol interference.

[0039] FIG. 14 shows a high-level block 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 ét anode, sﬁch as the node shown in FIG. 14.

[0041] FIGS. 16, 17 and 18 show the results of simulation experiments for coloring (assigning

different frequencies) a random layout of ﬁﬁy nodes in a netwérk.

[0042] 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

R

Q

frequency.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0043] Reference will now be made in QCtail to p:eferreq embodiments of the invention,-
examples of which are illustrated in the drawings. Notably, the present invention may be
implemé:;ted usmg goﬂware, hardware, orv‘ any c;)mbination thereof, as would be apparent to
those of ordinary skill in the art. ’i‘herefore, the ﬁgurés 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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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 arranged in thelr appropnate protocol layers.

descnptlon of each layer of the de51gn

GENE’RAL ARCHITECTURE DESCRIPT. ION

What. follows 1s a

[0045] The 1nvent10n prov1des a system for usmg local metropohtan and w1de -area network .

J

(LAN MAN and WAN) bands for hlgh speed (megablt-rate) networking and seamless

1nteroperab111ty with current systems

Taklng 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. -

S Band’ ange - .| Path Loss - *Da LA
Mil - 3: W-LANs oo Star Trek
02Km |60-90dB | ~10 Mb/
1710 - 1850 MHz | (Squad) B S “Comm Badge”
| Mil -UHF: " “W-CANs - s - -Star Trek -
» 5Km 0-120dB |~2Mb/is |5 -
225-400MHz | (Company) ? | “Communicator
: 30 times faster
Mil ~VHF: W-MANs
Km 120-150 dB . / than SINCGARS
: | 30-88 MHz ®de) | 0K 20-150 4B .| ~0.5 Muls )

[0046] This ai’;)f)roach, namely providingﬁ?a ran'ge"i of different link types, all integrated into a:

single network ‘with automatic cros's-bariiding 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.

“isotropic receive antenna, to the signal power 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 bano provides much better
propagation (longer range) for modest power, as the effective area of an omni-directional ~
antenna may be represented by the equati_on A%/, where A is the wavelength. This results in

almost a 30 dB improvement in nath logs (P.L,), for_ 3Q times the line of sight (LOS) range

. compn;od to the Mil-3 band. Diffractionr_nrounq; ‘\.avaveleligth-s_i__z;ed obstacles (e.g., 10 meter hills

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

" [0048] :-In'c':'ontrast, the Mil-3 band provides miich higﬁér available bandwidth, permitting -far LT
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, {;LPULPD signal- with wide spectrum spreading.
Haning‘<an nnobtrusiv_ie signal eliminates tne neeé’ to conte_st sﬁeotrum “ownorship”. o

[0049] ,'The; Mil-UHF band is intermediate bétween'these two in both range and available
bandWioth,:satisfying' the need for medium range ‘links.é. ~

)_,.'

[0050] A; s_‘hown in FIG. 1, an arcll:itecunfo struoz;;ued écoording ‘to an embooiment of the present.
1nvent10n compromlses both physwal layer 104 and media access control MAC) layer 102 =
components At the phy51ca1 Iayer 104 the functlonal components of the architecture may
1nclude components for radio frequency modulatlon 110, 1nterference temperature measurements i
120, narrow-band receive-transmit R-T excnslon 130,. variable-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 encountereci when ﬁsing ‘t-he spéctrum for wirele.ss communication
| 1s co-site inte&efence, which occurs when traﬁs"missiohs‘to distant nodes overwhelm reception-
By local nodes. The present invention 53'addre§ées thé co-site:‘interference problem by using:
iﬁulti};le indé;;éndént transce.iv‘ers of diflf:érent fréquencéiéé (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 - 150 dB PL), as’ «

.. shown in Table 1 above. L e L : o

.[0052]‘ Cd;sifé;'ciustering and éeriaiizéd ééceés‘ébmpc)!ient 162 comprises MAC ,protocols that - -
automatically’?deﬁ‘ne W-LAN groups (good internal -;'c‘onneéti{)ity ‘with short-range links), in -
" Which use of any medium-range link 1s .s:erializféd. W-MANY gi'oups (nodes with’ good internal’
~ ..~ connectivity ‘:u‘sing_medium-rangc_ links).,;;afeIdeﬁncd,i,fin» which use of any long-range link is.. - .

serialized. _ .k

- [0053] A K-Means vector quantization algorithm may:' be used to define. co-site’ clus,ters. and’:.
dynamically Muﬁp’date them. Within each clustér (e.g., squa..d W-LAN), a point’ coordination: -. -

'. function (PCF) is. used to serialize. accjéss to a medi.gm-rang'e; link. Each cluster alternates. -
between receiving over multiple medium:range links, and Uanémitting over one 'r’nedium-rarige
link. Using multiple correlators 166 and a different épread spectrum code for egch W-LAN

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

[0054) In a préferréd embodiment, a nun;ber 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 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: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. O'ppoﬁunistic forwarding component 164 carrie§ out {his function. The ‘opportunistic:
forwarding component 164 carries out forwarding of packets based on their indicated
(differegtial services, or diffserv) qualityl of seryice. Bulk trgfﬁc is forwarded via low-power
rﬁulti-hép routing, tlo> maximize sp;t‘ial reﬁse of ;’frequgécies aind enhance LPI/LPD. .'Reailetime
v;)ice tp;fﬁc tr:;verses the network ip fev;/éfr hops ét highér powér in order to minimize ex-ld-to-end

latency.

CLOSED Loopr LINK POWER CONTROL . . i

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

S . 3 . i . . i [ReY 3,‘
neighboring transmitter to minimize transmit power for a reliable link. This maximizes' spatial
reuse of frequencies, minimizes network self—ihterferehce, 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 coinpatibility 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 forAentf-y 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
simultaneouslil from multiple neighbors. J Sprea& speéti’um siéiialing'increases bandwidth by a
factor of the PG. Using multiple vcorfplators» recoups  spectrum efficiency by a.factor of the

number of neighbors, up to the square root of the PG.

NARROWBAND R & T EXCISION

[0060] IQIanfov;r;band R-T Excision compé&ent 130 coﬁ&ols the proce;ss for using zero pO‘Wer: at
certain ‘freq‘ue;;cieé during transmission and igndri.né?inforx;lﬂation (power) existing at‘z" 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 LPI/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.*

N El

INT ERFERENCE T EMPERA TURE MEAS UREMENT S . R

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

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

1

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

[0063] As described in more detail below, a wireless networking architecture acéording'to the;
present invention may also include radio freqirency rnodulation component 110 in order to- -
increase - throughput capacity and provide more' secure trarismissions. For example, and as: :
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) transcé€iver may be -

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

architecture that switches one transceiver among multiple antennas.
.‘ N - K . A . . A e . .

[0065] And finally, a distinct receive freqlrency 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.. -~ N i g

1o

1. Each node continuously carries out real-time sensing and characterization of the local:

spectrurh at the receiver of each ‘node due to (potentially interfering) na_rrowband 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 w1th potentlal for sharmg should be gathered at thls time. :The

% interferénce (i.e. A TV broadcast may" not tolerate much interference but a wireless -
‘b 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 reahzable waveform that will approach the

optimal performance predicted by pure water filling (to be described in detail below).

-21-

Ex.1009 / Page 88 of 166
Intel Corporation and Lenovo (United States) Inc.

underlymg principle here is that drfferent apphcatrons can tolerate drffermg degrees of

*



Docket No. 02-4099

3 ‘Each node reports its optimal receive waveform (an economical parametric -
(f:harac?terization of the optimal PSD) to each of its (e.g., handful of) network neighbors .,
for the neighbor’s use in talking to this node, preferablcy aloﬁg 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
'f;unctidns‘provided by an 6ptional XG transceiver application 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 ne’ighbors". 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).
co . : i At g w

[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 -
1 f ’ ' - 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. . #,
[0068] In preferred embodiments, the»present»invention may be characterized as' havirig two
different temporal metabolisms. At a low level, the.local noisé interference may be-estimated on:

‘ é{;msec::;?y-ms;éc _5(ime scale, making very short term prgdictior;§ ‘:tthat the next mseé;will 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.

)
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-METHODS FOR TIME-FREQUENCY WATER FILLING - : . b - 5

[0069] A description of the methods used to derive an optimal power spectrum density for static
_(short terrn) w;vefonn generation hased on short term (e.é., lb msec) spectral measurements will:
now be\providgd. This method permits each transceiver to determine, based on measurements in«
its receiver, the | power spectrum density its nerghbonng transceivers should use to‘transmit to it?
7 .to maxrmrze 1ts‘detected signal to noise ratio (SNR) under the constramt of lrmrted transmltA
power. . 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: -
apparent to those skilled in the art, however, that{‘.-when:‘the measured spectrum changes:

's-:igniﬁc‘a'ntly, the node must notify its neighbors of the:i’i:p'dat'ed optimal waveform. : {

OPTWAL STATIONARY (SHORT T, ERMZ'WA VEFORM SELECTION

[0070] The water-ﬁllrng approach has long been known as the optrmal way to ‘inimize the:.
nrean squared error of a channel w1th colored background noise. Thrs optlmallty is based on -
. mlmmlzmg the mean squared error between the s1gnal at the detector and the ongmatedisrgnal:i' '
(maximiizing thie received SNR), subject to the constrairit that the transmitted signal'has a limited:

-~ 'total power S.¥

vt R e E v . . 4

v _[0071] FIG. 2 shows a reference model deﬁmng the charactenstrcs of a channel 210 between a
transmrtter 205 and a receiver 215. In FIG 2, P (ﬂ is the signal power spectrum densrty"
(W atts/Hz) at the source. H() represents the value of a band selectron filter, whrch 1s equal to 1.
1nsrde the system s desired band of operatrons and 0 outsrde the desrred band of operations..
Thus, band selection filter H(f) rejects undesired out—of-band 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 S
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:

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

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

signaling 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, ﬁamely, 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.
224 -
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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, subjectto 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 vs;ill no;v be déscribed. These techniques may be:
{;s‘ed, in:enﬁ)od‘iments of the invention, to mainArllizelthé received SNR subject to li@ited t;ansmit
;ower.'éNoi'se ina spéciﬁed bandwidt:h, W, appears as?“av bivariant Gaussian signal in the in-I‘)hase"
(I) and Quadrature-phase (Q) channels, both measured.in RMS Volts across the impedance.of the
‘,méas‘ﬁring d;:vice; tjpically R =50 ohms. The total ‘power measured in_this bandwidthis then:
P=(I 2y Q 2) /R, with a Gaussian’ prob'ability. density function (PDF) for both I andij. ‘ A
change of independent variable to measured power P shows that it has an exponential PDF equal

to:1 / Po;epr (=P / Pg), with mean = standard deviation = Py and medianPgIln 2 ~ .693 Py., « S

B
4%

[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

resulting from thermal excitation is k T W, where k is Boltzmann’s constant 1.38 * 110 23

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 W . «:
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.

i007v7]xttaching vv.an‘t‘ennas to a nede als'o bring‘s in s{gnals if‘rom- intentional radiators. ->When‘
there are large numbers of uncorrelated faint signals (e.g., from_many 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; .

- 10DAY’S SPECTRUM: NARROWBAND (NB) INTERFERERS e
[0078] In addition to the noise signals described above, an antenna on a node will pick up.strong”

51gnals from other (fnendly and hostile) users. Many of these signals are narrowband (e g., 25"

-i",“ p - ; .‘ i ,‘ . }.,

KHz channels allocated for voice and low rate data in the UHF band) and may be non-Gaussian, '
since daia sig’néls often have congtént en\;eloneé ".for efficient power amplification. T}iey canf‘f
appear end diseppea{ on time scales corre;sponding to users activating push-to-talk switches (i.e.,. + °-
a time ecale of secones). In ‘the case of f;equeney hopning radios, the dwell time in a par'ticular‘

25 KHz channel mey 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)."

.[0079] The spectrum analyzer measures the power m each of a large number of adjacent -
frequency bms over a short time. The‘shortest time mterval for mdependent measurements‘
corresponds tc ‘calculation of a discrete Fourier transform (DFT), where the measurement

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

-analysis and plotting. . . . Y

PROBABILITYD[STRIBUTIONAND STA TISTIC’AL ANAL YSIS FOR “NOISE FLOOR?” ESTIMATION

.2[0080] Experlments were conducted to carry out statlstlcal charactenzatlon of the “noise floor”. -
ina band of interest. The initial calibration expenments used a room temperature reeistor (290 -
. K) feeding a lab- quahty 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 st.N‘F') wide _‘band pr“eamp.)r. The noise p_ower measured in adj_adent brns was |

uncorrelated. , . é : PRI

[0081] FIG. 4°shows typical sample data plotted as a histogram (relative frequency 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 Py = 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:
L ":'NN , PN—] . _— c e e o
Prob(P) = - ——exp(-NP/ P, Equation 1
(P) =y iy SRCNPIRY) | (Equation 1)

with mean Py (as expected) and mode (most prqbable power) of Pg (N-1) / N. For N =10, the
median is 0.9% Po. The standard deviatiotr;n is Pg / sqrt('[il).' The sqrt(N) factor in this denominator

can substantially reduce the variations (statisticalvﬂuct{lations)j_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. |,

[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 Py.

[0085] As described above, some frequency 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 nuil hypothesis is that there is only-noise 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 cqn_clusion» is that there is a strong sjgnal present.. Such a large mean power measurement -
would happen only in one run out of 100 if onlykrandom noise is present. This permits rejection-
- of the null hyliabthe'sis with a fair degree of conf’fdencg.ﬂa The significance level is the area under
the tail of the PDF of the sample mean. Bins with a sarr;ple méan that exceeds the corresponding - -
significance t}}reshold are judged like_ly (g{g., w1th the cérrespgnding 99% conﬁ_depcc) to contain

a strong signql,_ agd a system according to Tthe présent inyentioﬁ transmits no power in those bins..
’this p>r_pvid‘e§ transmlt e)-(,c'is;i‘on at t-hé trérisrhittegz to m-ir;imize_lint'_gr-ferénce to narrow band users,*
and receive exci;ion in thé receiQer’s métched filter to minimize narrow band interference to -
wide band users. The remaining bins are judgéd likely to éontain only noise, and the system: -
" transmits povi;ef‘ih t};ose bins up to water ﬁlling téﬁxperéﬁire, 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). -It 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 'ot-)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 -‘not‘of particular interest because it is the
noise floor that is being measured.” Matching the low-power ﬂistogr:am bump with a-theoretical
curve corresponding to average noise power Py permits us to estimate the underlying noise floor
Py, in spite of the presence of strong siéﬁglé. “This will also determine the threshold at 99%

gonﬂd(;:;}ce (at P (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 S 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 Wln‘dow 3 I " Window, e Wmdow “*—;;v"f
e e T e " Inside lab . |- antenna - | - _dnténna’. - - antenna
"5 +'Source [ 290 K Resistor | “afttenna#* [ S @10AM: . @3 BML 51 |- @6 PM: s

Po=AvgPwr, [2.0*107°W [35%10"°W [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 many more high power narrowband signals and the effects of some of their
“sklrts” (umntended radiation at nearby frequen01es) can be seen in the elevated noise floor. At:
other frequencres, the noise floor is elevated for unknown reasons, perhaps because of large’
numbers of additional faint signals. L‘ B 1

[0092] Analysis of a single “noise only” bin in‘the tirne domain showed no discernible features: -
Each scan-has: nonrepeating wiggles (liké ‘Gaussian noise), and sucoessive values (at 100 used

s‘ampling interval 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 skrrts from strong srgnals ‘

[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 those skilled in the art that
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numerous other approaches may be used without departmg from the scope ofthe present:
1nvent10n Such expenments form the basis for algonthms such as the one described below with.
reference to FIG. 15, which may be used in tranceivers configured to operate in accordance with
embodiments of the present invention. B ‘ .

Ry

AL:T ERNA TI VE AN;iLYSIS TOOL: MEDIAN iFIL 7 EI‘QS |

[0096] Instead of ‘\us:ing the sample mean as a poweriestirnate for each bin, a sample median
(nonlinear ﬁlter) may be used instead. A meclian filter outputs the 50% 'percentile value (the
lne’dian)'from:'a vector of N. sarnples; These\lflltersl‘are oﬁen used in imagc é.processing to

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

- o T 1 E. e . - .
10097] FIG. 11 demonstrates the use of the median power across a band at a particular time as a

norrnallzlng factorfor the 'power rneasured in e}a;ch‘ bm‘ ll-ere;‘jvfor each sarnple spectrum, a trial”
median was.generated across the entir'e band. A numbérof ‘tllz'bins reﬂecterl very strong signals
(far.above. the band median), so bins with power; more __;than 2 5 times the med1an were .discarc:led_-
when calculating the, final band median. For the 10 AM, 3 PM, and 6 PM data, discarding these
bins elimjnated 71, 82, and 97 of the 500 vtfrequency bins, respectively. After rejecting‘
consideration of these very strong srgnals the band medlan power in remammg ‘bands was .

o 3 nb o, 2 .
recalculated to charactenze the noise floor by normallzmg bm power w1th the: band med1an~ R

T ! RE W

power.

[0098] The theory curve gives the theoretical probabrhty density functlon obtained from

mtegratmg Equatlon 1. The quite similar resrstor curve shows the results of measured noise from.

L1

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

from the theoretical curve and the resrstor (nonse only) curve. The vertical dotted line shows the
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99" 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. : " s

[0099] Using the same threshold algorithm at 10 AM, w;rwould 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-describedrﬁetf'iod, each recéiQer in a network‘operating in
accordance with the;presenf invention may characteriz"é ’t.he xiéise ﬂoor of a band"in terms of a’
median ‘power across it, and normalize all bin ;;owers‘r. i'n"terﬁls of thvis> measured band median.
.Establishing a-threshold (e.g., the 99th percentile f(;r theorc_atic’al qu'r‘neasurgd “pure” noise)i_for} o
signal presence: determines the spectrum:waveform for all ‘n‘eighbor‘s to use to transmit;tothis-- :

node. ® =« i A ' Cos - . A

REHH%ENZM@]HEWMVERWMWPSDRMMNﬂm@pBHS)

Kl Pie

['3101] | TThé “p;rocee:_duré above will rr;ark a subset of the (h'un.c'lreds ‘to a féw thous‘and)
frequeﬁcy 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 wel 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 INT. ERFERERS

[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. .=
provide:good spectrum compatibility among independent users, and high data rates in spite of: =
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 Gaussnan
31gnal In thlsl case, it isn’t poss1ble to 1dentrfy$1ndlvr(;ual emltters just their compos1te power
effect The same stat1st1ca1 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-

ﬁlhng temperature below the FCC’s maximum permrssrble 1nterference temperature
[0103] When the FCC'’s spectrum management revolutron is 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. B

.RERREﬂMﬂWWGTHEJZ?wnVEna&M1¥H7ﬂnMAWHHED£unW

10104] A compact representation of the XG PSD for thls case would again be a sequence of
palrs of 1ntegers.¢ The first number speciﬁes th‘e p'ermvissible power to be transmitted, and the:

second the number of contiguous bins to which the value applies. 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. >. . LA QS

R TRy

TRADE STUDIES FOR DESIGN OF THE SHORT-TERM WAVEFORM

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

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

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

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

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

Interference Mitigation (component 1202); Spread Spectrum Transmissions (component:1203); -: -
Multiple Correlators (component 1204); and Wide Sense 'Stétionary (WSS) Baseband Signals: .

and Modulation (component 1205). When used in:conjunction with operating nodesin a®

- Rower-Limited: Regime (component 1206), these techniques provide a comprehensive spectrum-

reuse system that is far more efficient than any of the existing or proposed systems.c = e

INTERSYMBOL INTERFERENCE MITIGATION

[0106] . Thé power spectrum derived from the statistical ﬁoise floor characterization Adescribed
above is:a crenelated structure with fragmented freqﬁericy éuppon. . The first challengé was to:
transmit a sequence of basic symbols with.this power spectrum (modulated to carry user data) in-
a,way that intérsymbol interference is tolerable. vaiously, 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 -
~ as a contiguous vector of complex Fourier coefficients X(f), with constant amplitude and some :
phase structure. X(f) is the set of the coefficients to be transmttted over the channel;-expressed as
the complex value of each frequency bin of a complex wavefonn (as would result from-a fast
Fourier .transform (FFT)). This frequency vector is then expanded to a wider bandWidth that has
zeroes 1n the ranges where the spectrum estrmator has Judged that interfering signals are present

Thls wrder band frequency vector is then 1nverse-FFT’ed 1nto a time waveform for transm1ss1on‘- '

RoBY

across the channel The symbol rate on the channel 18 hlgher correspondmg to: the expanded"

ey W

bandwrdth of thrs vector. Y(2) is the srgnal sent over the channel which has the wider bandwidth..

The undesrred frequenmes have been removed from y(t) by the transmlt excision.

[0108] On‘ the recelve side (toward the nght-most srde of FIG. 13), the receiver does a

matchlng FFT squeezes out” the undesrrable frequenc1es (accomphshlng recerve excision), and

then multrphes the frequency vector by the charactenstlc matched filter (wrth phases opposite to:

the onglnal srgnal 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‘

recently commercmhzed in IEEE 802 11a and 802 llg w1re1ess LAN s. Of course, the remammg.c

s A

structure (a spectrum shapmg apphque) is umque to XG A Nyqurst shaper (satrsfymg the -
Nyqulst criterion for zero 1ntersymbol mterference) algorlthm perm1ts finite length symbols with. Fa
no intersymbol -interference, in spite'of the use of noncontiguous spectrum. Thus, X(f)7on the
feceiver side is a reconstruction of ’the orr"ginal sét of frequency coefficients with the same name
at the sender’ The user symbol rate matches the bandwidth of this frequency dornainv

I8

$pecification X(0).
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CDMA w/MULTIPLE CORRELATORS — WHITE SIGNALS : L 1

[0109] .. Some throughput may be lost due to spreading (processing gain). By using multiple:

code division multiple access (CDMA) correlators at each receiver to permit multiple neighbors - N
to send to the node at the same time, some of the throﬁghput lost to spreading can:be recovered.*
Examples of . multi-correlator systems: that exchange information with multiple <nodes
simultaneously. inclﬁdc GPS (receiving from up to. 12 satellites) and 1S-95 CDMA downlink
(sending to up:to 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 ngtworks, nodes usually have 4 to 6'neighbors, so% b
that is a reasonable estimate of the.number of pqnelatoré needed, and thus the throughput factor..

that can,be recovered. from the spreading ipss. » L

[0110] ;- . To;achieve high -performance -'CDMA,"the‘fpresent invention uses white. waveforms .

(those having constant ‘power spectrum: density at £i1e détéctor) ‘with ApseudorAandom}lt-phase -
structure. A waveform of this type can be used :to provide a.siénal that épproximat_es a Gaussian:
envelope to improve LPIVLPD, while p“rovidin‘g orthégonal "CDMA for minimal:interference:
among multiple simuitaneous,transmissioné to the destination‘ node. .. R ETRS BU

[0111] Unlike the CDMA cell tqwegé,' the present invention uses small, light transceiversi “
with small antenna structures, so the ,transceivefs will .only 5e able to operate in wideband halfs
duplex,,;not;full duplex, mode. This means that each node will élternate betwéen a state of: v
receiving from:N neighbors simultanepusly, and-a state of transmitting either to one neighbor, or:

to N neighbors. simultaneously when this doesn’t require an impractical dynamic. raﬁge.~ - This~
requires MAC protocol that is quite different from convéntional 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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r

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:-using -
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'network laténcy for critical real timie traffic. * % - . e

+ [0112]+:< The invention also uses:orthogonal CDMA:waveforms, as well as that of the multi-: * -

correlator MAC protocol, described above, to achieve optimal performance. - 3 LA

LRDZRD u&nESmmES7AIMMMRYBMﬂHMNDSHMMLANDﬂmmnuAIWWV

[0113] The present invention generates a waveform wrth the optimal PSD that enhances

i - ‘r'

LPI/LPD capablhty In some apphcatlons 1t is 1mportant to generate a wrde sense statlonary

(W SS) water-ﬁllmg waveform that minimizes features susceptlble to mtercept by a second order »

r

cyclo statlonary 1nterceptor Wrde sense statlonarlty requrres that all second order statistics of -

the srgnal are constant functrons of tlme meanlng that the expected value of the signal (mean) is

qr o €

constant (chosen to be zero) and the expected variance (mean power) and the autocorrelation®

\‘wr-’ it . -
functlon are also constant functlons of trme Spec1allzed ﬁltenng and linear modulatlon'

S 5 \

archltecture may be used to ellmmate any spectral redundancy (nonlmear constant envelope and

L

continuous phase modulatlons are easrly susceptlble to second order cyclostatronary intercept).:

This symbol generation and modnlation structure involves INyquist filtering of the symbols;

(limitin.g syml;ol frequencies to 1/(iT), where T is the syrnbol period on the channel), to produce:

-38 -
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constant mean power signaling, and to prevent exposure of the symbol clock .b'y’- a «%magnitude- '
square operation.

[0114] - In-addition, the symbols are modulated onto a carrjer 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 rnodulationpof the carrier. ‘Hilbert transforms.are described in A. Papoulis, Probability, -~ 1
Random Variables, and Stochastic Processes, McGraw. Hill 1991, which is incorporated herein -

7 z R

by reference in its entirety. - - S : Mo S

L&EOFPDWEleunEDSumMLSFaRSH%URMMCIMHMIHWLHTANDLPDLRD ﬂmrx
RATE <<BAND WIDTH, EB ~NO) '

[0115] In preferred embodlments of the present rnventron network links are operated in the
-power llmrted regrme (transmlttlng far less than one bps per Hz), rather than the conventional o
bandwrdth Irmrted regrme (with morev lthan ione bps per Hz) which requires hrgh SNR e
(e g. >10dB for 10- 5 BER wrth QPSK). At the cost of lower data rates, this capabrlrty, along *
wrth closed loop power control on each lmk will permrt an entire network to operate in LPI/LPD
mode Usmngrde bandwidths and low power also greatly enhancee the spectrum compatrbrllt};\-'
among multrple XG users and legacy users. | |

[0116] Preferably, the optimal water-ﬁlhng waveforms produced by the above-described
methods are used in a spread spectrum mode, where the user bit rate is roughly an order of ..

| rnagnithde le;..s than the basic symbol rate. Spectrum spreading improves -LPI/LP-.D and .
1nterference performance by a factor of the processing gain, at the cost of a reduced user data. !

rate. The recently mtroduced Turbo-Hadamard 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 rgtios

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' evenpower
combining:the energy, of the different multipath components in'a rake receiver. : LA
[0117] .+ FIG. 14 shows a high-level block diagram of a network node 1400 (such as a software’

radio, a ropter, etc.) conﬁgurfzd to operate according to embodiments of the present invention.

:As sho;Qn "in 'FIG. 14, nodé- 1400 comp;ises a:receivi;lg anf;nna 1405, a 1ransmitting antevnna'b

1410, a receiver 1415, an input ﬁlter' 1480, multiple cbrrélatdrs 1485, a network data processor

1490, a MAC ‘controller 1495, a spectrum analyzer 142'0,4”a buffer 1425, a signal data processor
~1430, -'é}f'transmitter 1450, a compressor 1445,: an‘outpu.t filter 1440 and a waveform “profile
-generator 1435. 3 ¥ |
- [0118] > “Receiver *1415 continuously 3ﬁ10nit§'fs and receives aggregate signals from the

- networking enVironrﬁérit. When a signal i receiiiied, receiver '71415 passes the signal to spectrum
analyzer 1420, whicﬁ is configured to““contirii'lnously 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 ér “normalized” power function, such as by

coniputing the average or median power reading at each frequency in the band of interest over a N
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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 cofnmu_nicate 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 populated - :

- with signals generated by legacy communication devices.in the network. A aan
-'[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 othef:: .-
“words, output .Aﬁlter 1440 pgrforms transmit excision t(;.remove power from certain frequencies

that neighboring node 1460 has determiried should not be used because those frequenciesiare : -
carrying data-signals from primary .users: (e.g.,+legacy-and high-pﬁoﬁty users, such as police,- i
governmental ‘or military entities): Optionally, node 1400 includes.a compreéso_n:l445, which» 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 tfansmitter 1450 and ‘antenna 1410:: -~

~ In.a preferred,fembodiment, 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. ey

[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) con‘forming 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) . .7+
existing in the wireless networking environment. +:

[0122] .:. When the  signal carrying.optimal zwaveform 1402 (combihed with noise and: &

interference produced from interference 1412) is.received at:node 1400 via antenna 1405 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
éonununication 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: i

new emitters coming’online in the vicinity.of node 1400. - S

-42 -

Ex.1009 / Page 109 of 166
Intel Corporation and Lenovo (United States) Inc.



BT

2

Docket Np. 02-4099

[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 signals_ produced by legacy :
systems:. In other words, input filter 1480 performs receiver excision because it is configured to. -
be most.sensitive ‘where the optimal waveformprofile 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 no;signal. In this way; input filter 1480 removes:
the noise and interference caused by‘ interference:1412. »: gt - S

[0124] . Input filter 1480 passes thefiltered signal to a set of multiple' correlators - 1485::
(containing correlators C1 -through CN); ‘eachsof which is :configured 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 toreceive from multiple neighborif)g nodes: -

simultaneously.. Once the incoming signal has ‘been: filtered by input filter 1480 .and its ‘source-

has been- identified by multiplecorrelator_s‘»l485‘,‘r, 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 assrociated“ Qithi :node + 1400 and +the wireless
communications network in general. e o e e R T DL
[0125] . As qﬁ:discussedl-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 aﬁd 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. i
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. :.» i - =2
[0127] :.. Although the example node shown in FIG. 14 and:discussed in detail ‘above shows < .1 -
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 advaqtagedusly combined ior divided, dependingon. -
- 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.. *::v. .

It should. be apparent, for example, that, although-the:-example node in FIG. 14 shows twow: i .

~- - separate:antennas for:clarity, network-nodes typically. use only:a single antenna for.both transmit=:: . .

and receive modes.. Accordingly, such alternative'configurations are not meant to fall outside the -

scope of the claimed invention. -~ . : | i o LG B T S
[0128] - FIG. 15 contains a high-level: flow diagram illustrating the steps performed in an: T
embodiment of thé present invention in ordebr: ‘to process signals-and manage: interference -
received. at-a node,ssuch 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. Whena ¢ = &
signal is received, the system passes the signal through two parallel processing chains. -

[0129] - Tﬁe 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 -
them. . : : : B e

[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: -
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. o RERL Goeow : L xe |

[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-.« - i
examined in a parallel chain of steps (steps 1540, 1545, 1550 and 1555 in FIG. 15)-to determine - -
wilethera&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) so.as 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‘?‘l’-SOS, where
the system continues to receive an-aggregate signal..» = = . e C B 1 S G

CL USTERING OF NODES TO MANAGE THE LARGE DYNAMIC RANGE OF RF LINKS IN A MOBILE
WIRELESS NETWORK. IR ol , NS

. [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- (with-‘j:r% loss) of 1000 to -1, or ground.. .

s, A - . . L 4 B : sa s R R - L .
mobile range variations (with r loss) of about 30 to 1. Co-site interference limits overall

u IR
5y

network performance because (high power) transmission to a distant receiver “‘deafens” all ~

nearby receivers. Thxs 60 dB dynamlc range of path loss is beyond the normal power control and -

‘spurlous free dynam1c range (SFDR) capabllltres of typlcal RF transcelvers I

v hF

[0134] In a preferred embodlment of the present 1nvent10n co-site 1nterference may be
addressed by d1v1d1ng the avallable spectrum mto two bands w1th s1multaneously operatmg,.
non- mterfermg half duplex transcewers on each One set of transcelvers is - used w1th1n

automatlcally formed short- range clusters, €.g.» nodes with 60 90 dB PL to their neighbors

wrthm 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 .,

- 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 easierto 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-clusterslinks, -

and grants only:serialized access to use an inter-cluster-link. . Traffic need not flow:through the -+

. ‘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] Multrple 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

i

multiple:neighbors at the same time,as long as it is not transmitting. The ability to:receive fromz.i = .
rnultiple__‘_neighbors simultaneously on each band recovers some of the bandwidth lost to the -

CDMA code 5 spectrum spreadmg Srmultaneous CDMA reception from multlplelnelghbors 1S

enhanced by usrng closed loop power control from each nelghbor (e.g., over a 30*2dB dynamlc ¥

v,!t & T MY
range) to assure that equal power arrives at the receiver from each neighbor. o

[0137] In preferred embodirnents each correlator provides “carrier sense” to indicate when a . "

partrcular nelghbor is transmlttrng The node altemates between modes of transmlttlng to a

srngle nerghbor or receiving from multlple nelghbors When no outgoing traffic is: queued toa--

nerghbor that is not currently transmlttmg, the node swrtches to recelvmg 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‘éi\_/ers 5
to improve their.aggregate reception data rates as: well.. - R T AR i
[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 * . s
transmit-.frequency, i.e., the neighbor's receive frequency),. while simultaneously recei\}ing
through.multiple other directional aﬁtennas, pointed. in other “directions, on. thisinode's:own i
receive frequency. The benefits of simultaneous transmit and:receive include*both higher ... = ‘uw
network throughput, and lower end-to-end latency:for real time:traffic. R T R SR 8
(0139] A problem arises, flowever, ‘when thelfe 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-»
separation to use-the same frequency to broadcast on one side.of the vehicle while:ireceiving on i
the.opposite side. The transmitting antenna will simply overwhelm the receiving antennas For - L
this reason, the;gtransceivers on each node (or, in i_his c.ase, each vehicle) in the network may be. ‘& - i
configured to have its own unique receive -frequen;:y and ailter.rv)ate'betwéen transmit-and receive ¢
modes. ‘While tﬁe node is in receive mode,-and not transmitting, it will pick up any:signal on its .
assigned.frequency. - SRR : : P

[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 up-each other’s .
transmissions. In other words, adjacent nodes are never assigned the same frequency.. < i
[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 the“same -
frequency:(shape), then that link is deemed to be unusable because it means those two nodes are =-
sharing the same receive frequency. As FIG. 16 shows, it is not possible to assign one’of theitwo 1z
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 tlie~same;_shapes.are shown as dotted dines in'FIG. -

- 16.= So, for . example, as shown in FIG. 16, the' links between nodes -1 and 7, nodes 7,land. 11,

- nodes 11;and-21, nodes-11 and 12, nodes ‘13 and 3, etc.; are all.unusable links. In this:case;-only.». -

. 55% ofthe-links.in FIG.: 16 areusable.- -+ - .- s s 0o 57 O R T

[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:
(represented. bysthe star shape in FIG. 17) is available to usé 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, 'e_tc).' ' C . ' L ¥
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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 =

between nodes using the same.receive.frequency to transmit and receive simultaneously without

.experiencing harmful interference. - - - A e
[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 -

A
he

.- . connected+by usable links. This being the.case, there should be enough physical separation -

with the present .invention, to ensure that there :are no ‘adjacent nodes that use the same receive .

. number-two) is.allocated, step 1930, and .made the current' frequency (using the variable .

“curr_frequency”) at step 1940. .- 0k

using the scurrent- frequency is selected. © The current ‘frequency is assigned as. the receive = -

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 -

r. - - As shown:in FIG. 19, the first steps, step 1910 and 1920, are to select a first receive frequency .« ...

.and assign it to all of the nodes in-the network.” Next, a-new frequency (receive frequency -

» [0145] « :Nexty:in step 1950, a node:that is at one end of an unusable link and that is not already :.-

+ 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 stép 1980 that none of the unusable links are connected to a node not -using the -i*
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. R
[0146] = The above-described embodiments are by no means meant to limit the'scope of the - .
invéntion. Though the invention has been: described with respect .to preferred iembodiments . .

- thereof, many variations and modifications will become apparent to those skilled in the art upon s+ 1o+

reading this disclosure and the following claims, as well as practicing the claimed invention. It.is: ="t

- therefore the intention that the claims be .interpreted as broadly.as: possible in view. of the prior-zr -7 i

art, to.include all:such variations and modifications. - - o S
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- What is-claimed is: o S Rl v : v

1. A method for managing interference in a radio communications network, comprising the .

. [ . o
e L

steps of

*

rece1v1ng an aggregated radio srgnal ata first node in the radio communications
? :)‘.t' sTs K B A

network ona plurahty of frequencres

determrnlng a power level for the aggregated radro sxgnal for each frequency in the C

:_mk

plurallty frequencres

S . 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 usinga - o
4 transmission freqiiency corresponding to a'hon-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 onthe 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 f)ower 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.

The method of claim 2, wherein the discarding step comprises applying a filter to the

transmission.

The method of claim 1, further comprising the step of:

i

sending to the second nqde a request to adjust a transmission power level on a

frequency corresi)bndirig to a positive power differential in the plurality of

power differentials.

The method of claim 1, ﬁthher coulprising"the sfep of

1nstruct1ng a plurahty of other nodes in the radlo communications network to avoid

" using the transmission frequency to transmit information to the first node.

- ® .- - - -y P

The method of clalm 7 further compnsmg the steps of

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—positivevpower differential in the plurality of power-

T

differentials. *

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.

The method of claim 1, further comprising the steps of:

determining an updated power level for the aggregated radio signal for each B

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, funher compnsmg "the step of compressing . the optlmalf

waveform proﬁle prior to performmg the reportmg step

A The method of clqim 11, wherein the optimal Vvavefcjrm profile specifies a waveform

pattern.

The method of claim 14, wherein'the waveform pattern defines a transmission :signal:

E

' havmg a power spectra] densxty that varles over tlme

The method of claim 14, further compnsmg the steps of:

generating a second optlmal 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.
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The method of claim 1, wherein the power limit is'specified by a rule-making body. .=~ .

The method of claim 1, wherein the power limit is specified by an industry standard. -

The method of claim 1, wherein the plurality of frequencies comprises all of the -

frequénéies in a radio frequency band.

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.

A method for managing interference in a radio communications network, comprising the ..

steps of:‘_

$

i

recewmg ata ﬁrst node i in the radlo commumcatxons network an instruction

transmitted from a second node in the radio communications network to

avoid using a plurality of freQu’encieS to transmit to the second node;

filtering a transmission signal to remove power from the transmission signal at each

" frequency in the plurality of ffequer;{:@es; and

transmitting the transmission signal to the second node.

The method of claim';’Zl, further comprising the st;:ps of:,' ’

rece1v1ng an optimal waveform proﬁle from the second node, the optimal waveform. . ::

profile being based on a plurality of power measurements for the plurallty of

frequencies and a power limit; and

conforming the transmission signal to the optimal waveform profile prior to

performing the transmitting step.

The method of claim 22, further compﬁsing the step of decompressing the optimal

waveform profile prior to performing the conforming stein.

The method of claim 22, wherein the power limit is specified by a rule-making body.
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The method of claim 22, wherein the power limit is specified by an industrystandard:
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: : : S - .

dividing the multiplicity of nodes into a plurality of pbde 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 ﬁequehcy'aééigrled to the each antenna corresponds’.
to the unique reéeiviné frequency as,s'i'gnéd 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 orien‘tcicyl to face. |
The method of claim 26, further goglpriéir%g“the_sgep' of !t:r_ansmitting an outgoing message
fgom tl_mze. first n0d¢ to the‘neighboring ﬁode v‘i‘a, a:,tré}r_lsmitting- antenna in the set of -
antennas- attached to the first node using the unique receivingfrequency assigned to the.

PR

neighboring node.

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 are.carried out simultaneously.:

‘neighboring node and the step of transmitting the second outgoing message to the another

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 '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:tb‘ the receiver, configured to produce a series of power -

readings for the aggregated radio sigrial for each frequency in a plurality of

frequencies;

. ;a waveform profile generator configured to~pgpduce;a waveform profile based on the -

a filter, coupled to the receiver, configured to detect in the aggregate radio signal a

series of power readings and a power limit, wherein the waveform profile

defines a set of unacceptable transmission frequencies; and

transmission signal addressed to the radio communications device, and to

discard any portion of the transmission signal carried on a frequency

unacceptable transmission frequencies.
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33.  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.

34:  The radio. communications device of claim 33, wherein the signal data-processor is*
further -configured to calculate ‘an average power -level based on a plmali&. of =
instantaneous power level measurements. .« ' - MiooooE o

35.  The radio communications device of claim 33, wherein the signal data processor is™ -

=v-  further configured to calculate a median power level based on a plurality of instantaneous -
power level measurements. --. ‘ K i

36.  The radio communications device. of cléim 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 GEOnL i |

37 The radio communications device of, claim 32, further comprising a transmitter

-+~ - configured to transmit the waveform profile to a secondiradio.communications device...

38.  The radio communications dé“vice of claim 37, further comprising a correlator, coupled to

the ‘filter, ‘configured to determine whether the’ transinission signal contains a pattern

iy

umquely associated \yith fhe ‘;econd radio ;i;or;;mqnicatic-?ﬂé devv‘li‘ce.' ‘ e
39. The radio communicationg device of- ciaim 37, @er comprising a ‘plurality of
| é‘(;x";el;t;rs‘; coﬁpled to the ﬁ_'i;cer, conﬁgu;gd t§ détermihje ;’vhether the .transmj’ission signal
;:ontains one of a multiplicity of patterns, each pattern being uniquely associated with one
of a multiplicity of other radio communications devices:
40.  The radio communications device of claim 39, whereir{ 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. .. - . ’ o

A method for managing co-site interference in a wireless network having a multiplicity of -

‘nodes, comprising the stepsof: .-. - . .. . , . ERE

identifying a subset of nodes within the multiplicity of nodes, wherein each node in 7/,
the subset is capable of transmitting data to each other node in the subset in
accordance with a connect1v1ty threshold and using 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 a node outside of the subset; and

permitting only one member of the subset at a time to transmit using any

Fs "% transmiission frequency'within the collection. - -

The method of claim 43, further céinprising the"step of serially allocating to the members .«

of the sﬁbSet permission to transmit using a tranéfﬁissién frequency within the collection. i -

The method of claim 43, further compnsmg the step of defining a range of high power "

'levels to be used by members of the subset while using a transmission frequency w1th1n

the colléction. - ' - R L
The method of claim 43, further cofnprising repeating the identifying'step.
The method of claim 43, further cémprising repééting the identifying step according to a -

schedule.
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- The method of claim 43, further comprising repeating the identifying step at regular «. i

intervals. - o : - oo
The method of claim 43, further comprising repeating the identifying step if a node in the : -
‘multiplicity of nodes has changed locations.

The method of claim 43, wherein the.identifying step is carried out using: a K-Means

. vector quantization algorithm..

The method of claim 44, wherein:the serially allocating step is carried out using a point -
coordination function. : - Lot R :
The method of claim 43, further cdmprisiﬁg the steps bfz '.
o identivfying a second subsét of nodes ;within the mﬁftiplicity of nodes, wherein eéch

| node in the second subset is .ca.pable 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 subset to transmit using a powéf;sﬁetting that falls outside the

medium power range;

permitting only one node of the second subset at a time to transmit using any o gh

transmission frequency within the second collection.

oL

T_};le mefhod of claim 52, further compr_ising the step of serially allocating to the mef'nbers‘i -
of the second subset permission to transmit using a transmission frequency within thé:' ]
second collection. |

'Ijhe me‘tlzod éf claim 52, wherein the steb of identifying a second subset is carried out -

using a K-Means vector quantization algorithm.

- 60 -
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The method of claim 53, wherein the step of serially allocating is carried-out using a -

point coordination function.

is transmitting on the any transmission frequency:

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 .

The method of claim 56, further comprising the steps of:

... associating a defined waveform pattern with the subset of nodes; and

determining whether received transmissions contain the defined waveform pattern. -

The method of claim 56, further comprising the steps of _

assbciating a uniélue spread spectrum code with the subset of nodes; and

determining whether received transmissions contain the spread spectrum code.

The method of claim 43, wherein the colléction comprises a radio frequency band.

3

network.

The method of claim 43, wherein the"vsubsét:‘iis cdhﬁguréd as a wireless local area -

The method of claim 43, wherein the subset is configured as a wireless metropolitan area

network.

62.  The method of claim 43, wherein the subset i§ configured as a wireless wide area -

63.
64.

65.

network.

1

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. N

A method for managing congestion at an elevated node in a wireless network having a:

multiplicity of nodes, comprising the steps of:

-61 -
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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

permitting 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 comprising 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, further comprismg repeating the 1dent1fy1ng step.

The method of claim 65, further comprising repeating the identifying step according toa -

schedule
The method of cla1m 65, further comprising repeating the 1dent1fying step at regular:i*

mtervals A

The method of claim 65, further compnsmg repeatmg the identifying step if a node-in the-“i :
multiplicity of nodes has changed locatrons. | kN

The method of claim 65,_ .uvherein the identifying step is carried out using a K-Means -
uector quantization algorithni. | ‘ :

The method ef claim 66, vi/herein the step of iserially allocating is carried outiusing a

point coordination function.

-62 -
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The method of claim 65, 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 transmi;ting on the any t;ahémission frequency.
The method of claim 74, further comprising the steps of:
associating a deﬁqed we;vefonn_pétte:rn with the subset of nodes; and
determining whether received t;énsmissiqns contain the defined waveform pattern.
The method of claim 74, further écftfi'prisirig the sfébs of::‘:
* associating a unique spread spectrum ¢ode with the subset of nodes; and |

determining whether received transmissions contain the spread spectrum code.

o .

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 cbnﬁgured as a wireless metropolitan area " -

network.

The method of claim 65, wherein the subset is configured as a wireless wide area:.

i

The method of claim 65, wherein the subset is configured as a wireless Intranet.
The method of claim 65, wherein the wireless network is the Internet.
A wireless network, comprisihg:

a i)lufality of short-rangé links;

a multiplicity of nodes configured to

automatically identify a cluster of nodes within the multiplicity capable of

transmitting data to each other node in the cluster via the plurality .

-63 -
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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.

The wireless network of claim 83, wherein the long-range transmission manager is
further (;onﬁgured to allocate to the one member permission to tfansmit using a
transmission frequency that falls within a collection of transmission frequencies.

The wireless network of claim 84, wherein each node in the cluster of nodes is configured
to receive a data signal on the transmission frequency while no node in the cluster is
transmitting on the transmission frequency.

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.
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;

wherein the media access controller is configured to grant only one request in the

plurality of requests at a time.

-64-
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-

. 88.  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: *
devices is transmitting using the power level.

89.  The rad.io communications device of claim 88, further comprising:

a correlator configured to determme whether the any transmission contains a pattem
associated with a partlcular radlo commumcatlons device in the multlphclty

of radio communications devices. '~
"90. The radio communications dévice of claim 88, further comprising:

a plurality of correlators, each one of the plufality of correlators being configuredto :
determine which of the multiplicity of radio communications devices sent the

any transmission.

91. Ina wireleés communications network comprising a multiplicity of nodes and configured
to transmit a data stream along a route from a source nqde iﬁ the network to a destination
node in the hét%voﬂé décordihg to é'roufiﬁé"protoéol, a method of méﬁaging real-time data -
traffic, the method comprising the steps of: - o S G e

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.
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- 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, wvh'erci.n the next node corﬁ;ﬁr{ses a correlator conﬁgtifed to

detect the pattern.

The method of claim 91, fur&ier cdéprisiﬁé the:sfép of iricorporating' the data packet into

a'waveform containing a pattern uniquely associated with the any other node.

a

The method of claim 96, wherein the any other node comprises a correlator configured to

detect the pattern.

-66 -

Ex.1009 / Page 133 of 166
Intel Corporation and Lenovo (United States) Inc.



Docket N'o. 02-4099

"SPECTRUM-ADAPTIVE NETWORKING

; - o ABSTRACT OF THE DISCLOSURE "

" The present invéntion incredses the available .'speo{rum 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 1nterfenng with. exxstmg legacy users. The invention provides interference - ’temperature—*
| adaptive waveforrns and a variety of physxcal and medla access control protocols for generating
waveforms based on measurement and charactenzatlon 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 .

A frequency bands and enables 51multaneous transmlt and receive modes at a multlpllclty of -
transceivers in a wireless network. - The. mventlon also prov1des closed loop feedback control

_ between nodes co- -site interference management mtersymbol interference mitigation, wide sense
stationary baseband signaling and. modulatlon and power limited signaling for avoiding

detection and interception.
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United States Code, Section 112, T acknowledge the duty to disclose material information as defined in
Tisle 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:

“(Appln. Serial No.) | (Filing Date) (Status--patented, pending, abandoned)

DC: 1035278

Ex.1009 / Page 154 of 166
Intel Corporation and Lenovo (United States) Inc.



P.B83
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I hereby appoint the following attorney(s) and/or agent(s) to prosecuté 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 telephane calls o 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, HQEO3HO1

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 to be true; and further that these statements were made with
the knowledge that willful false staternents and the like so made are punishable by fine or imprisoament, 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 _Jerry D. Burchfiel

Inventor's sigoatuse %@%J pae _[0[IC/OF

Residence _ Waltham, Massachusetts Citizenship _USA

Post Office Address 270 Bisbops Forest Dr., Waltham, MA 02452
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Application Data Sheet

Application_Information

Application Type::

Subject Matter::

Suggested Group Art Unit::
CD-ROM or CD-R?::

Sequence submission?::
Computer Readable Form (CRF)?::
Title::

Attorney Docket Number::
Request for Early Publication?::
Request for Non-Publication?::
Total Drawing Sheets::
Small Entity?::

Petition included?::

Secrecy Order in Parent Appl.?::

Applicant Information

Applicant Authority Type::
Primary Citizenship Country::
Status::

Given Name::

Middle Name::

Family Name::

City of Residence::

State or Province of Residence::
Country of Residence::

Street of mailing address::

City of mailing address::

State or Province of mailing address::

DC: 1040869-1

Regular
Utility
N/A
None
None
No

SPECTRUM-ADAPTIVE NETWORKING

02-4099
No
No
19
No
No
No

Inventor- .

us

Full Capacity
Jerry

D.

‘Burchfiel

Waltham

MA

us

* 270 Bishops Forest Drive

Waltham
MA

Page # 1

Initial 10/22/03
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Postal or Zip Code of mailing address:: 02452
Correspondence Information
Correspondence Customer Number:: 32127
Representative Information

Representative Customer Number:: 32127

Domestic Priority Information

Application:: Continuity Type::

Parent Application::

Parent Filing Date::

This application is a | nonprovisional of

60/420,930

October 24, 2002

- Assignee Information

Assignee name::

Page # 2

BBNT SOLUTIONS LLC

Initial 10/22/03
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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‘accbmpanying 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.
requjrementg 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-n' over

any of the information provided herewith, and/or to prove that this information méy not be prior
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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 exglmination 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 underst-ood that the Examiner will consider 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. This .Information 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(¢) 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. 1 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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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 Stz;tement 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). 7
Oa. 1 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 cbunterpart 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.

D 6. A concise explanation of the relevance of the non-English language document(s) appears

below:
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a7

0 8.

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.

Copies of the documents were cited by or submitted to the Office in Application No.

, filed , which is relied upon for an earlier ﬁliﬁg

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 initial 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 authorized to chafge any fee deficiency,

or credit any overpayment, to our Deposit Account No. 50-0740, referencing Docket No. 02-

4099.

Dated: October 22, 2003 Respectfully sublﬁitted,

tea G. Reister
Registration No./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 collecfion of information uness it contains a valid OMB confrol number.

Substitute for form 1449A/B/PTO Complete if Known
Application Number Not Yet Assigned

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

Art Unit N/A
(Use as many sheets as necessary) Examiner Name Not Yet Assigne d
Sheet I 1 l of | 1 Attomey Docket Number |02-4099

U.S. PATENT DOCUMENTS

. P: , Columns, Lines, Where
Examiner | Gite Document Number Publication Date Name of Patentee or R:g?am Passages or Relevant
Inffials* | No.' | Number-Kind Code? (ifknown) | MM-DD-YYYY Applicant of Cited Document Figures Appear
FOREIGN PATENT DOCUMENTS
P Doct Pubiication Pages, Columns, Lines,
Examiner | Cite Foreign Patent ment Date Name of Patentee or Where Relevant Passages | 1o
Inifials* | No." | Country Code®-Numbér*-Kind Code® (i known) | 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. ' Applicant's unique citation desi ion number (optional). 2See Kinds Codes of
USPTO Patent-Documents at www.uspto.qov or MPEP 901.04. 3 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 serial number of the patent document. 5 Kind of document
by the appropriate symbols as indicated on the document under WIPO ST.16 if possibl "Ar pli 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.

CA Notice of Proposed Rulemaking in Revision of Parts 2 and*15 of the Commission's Rules to' - .-
Permit Unlicensed National Information Infrastructure *U-NIl) devices in the 5 GHz band
Before the Federal Communications Commission, Doc. No. 03-122 RM - 10371, FCC 03-110
1-28 (June 4, 2003) . )

cB Li PING et al., Low-Rate Turbo-Hadamard Codes1, 1-38, (unpublished manuscript, on file with
the Department of Electronic Engineering, City University of Hong Kong).

CcC Spectrum Policy Task Force Report, Federal Communications Commission, ET Doc. No. 02-
135 (November 2002). )

I3

*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
Sianature Considered
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: . : S Application orgockei Number
PATENT APPLICATION FEE DETERMINATION RECORD .
Effective October 1, 2003 { D é ‘g C) -7 63
CLAIMS AS FILED - PART | SMALL ENTITY OTHER THAN
(Column 1) (Column2) TYPE [ OR SMALL ENTITY
! TOTAL CLAIMS < 7 ' RATE | FEE | [ RATE | FEE
FOR NUMBER FILED NUMBER EXTRA BASIC FEE| 385.00 |R[BASIC FEE| 770.00
TOTAL CHARGEABLE CLAIMS - |Q) %7 minus 20- [*> 7 X$ 9= orl| Xxs18= \%
— T -
INDEPENDENT CLAIMS ‘X/ minus3=|" a3 onl xes- 11770
MULTIPLE DEPENDENT CLAIM PRESENT T O
— +145= or| +290=
* If the difference in column 1 is less than zero, enter “0” in column 2 TOTAL OR TOTAL 'ﬂ
CLAIMS AS AMENDED - PARTIl , . OTHER THAN
(Column 1) (Column 2)  (Column 3) SMALLENTITY OR SMALLENTITY
CLAIMS HIGHEST P
, ADDI- ADDI-
< REMAINING NUMBER
E ARTER PREVIOUSLY | oo RATE |TIONAL RATE | TIONAL
] ] AMENDMENT ° PAID FOR - . FEE FEE
= .
% Total * Minus > : = X$ 9= _OR X$18=
5 Independent | Minus e =. . X43= OR X86=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM ] |
- . +145= OR1] +290=
- TOTAL OR - TOTAL
ADDIT. FEE T ADDIT. FEEL.
(Column 1) _{Column 2)°_(Column 3) ' '
CLAIMS HIGHEST c -
o REMAINING NUMBER PRESENT ADDI- ADDI-
= AFTER PREVIOUSLY EXTRA RATE |TIONAL RATE | TIONAL
b AMENDMENT PAID FOR - FEE : FEE
= ) .
g Total * Minus ** =', X$ 9= or| Xs18=
%" Independent | Minus’ - = .
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM [:]
' o +145= oR | +290=
< TOTAL OR TOTAL
ADDIT. FEE ADDIT. FEE
(Column 1) (Column 2)  (Column 3) ' ‘
\ CLAIMS HIGHEST :
o REMAINING NUMBER PRESENT ADDI- ADDI-
E AFTER" PREVIOUSLY EXTRA RATE ]TIONAL RATE | TIONAL
w AMENDMENT PAID FOR FEE FEE
= .
g Total * Minus s = X$ 9= OR X$18=
g Independent |« Minus ek =
X B d - X43= OR|] X86=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM D
+145= OR | +290=
* Ifthe ntryin column 1 is less than th entry in column 2, write “0” in column 3. ——OTAl
** If the *Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20.” ADD,I-OJQE OR ADD,IOJQE
***if the "Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3." - ’ - ’
The “Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriat box in column 1.

FORM PTO-875 (Rev. 10/03) Patent and Trademark Office, Y.S. DEPARTMENT OF COMMERCE
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PATENT AND TRADEMARK OFFICE
FEE RECORD SHEET
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*U.S. Govemment Printing Office: 2002 — 489-267/65033
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PATENT APPLICATION SERIAL NO.

U.S. DEPARTMENT OF COMMERCE
PATENT AND TRADEMARK OFFICE
FEE RECORD SHEET

81/29/2884 HTEKLEMI 86BBBAGE SBB748 18689763

81 FC:1281 86.89 DA

PTO-1556
(5/87)

.. Government Printing Office: 2002 - 489-267/69033
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