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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
17/102,099 11/23/2020 Wonjong Rhee 20145-054USC 1038
146571 7590 09/26/2023 | EXAMINER |
North Weber & Baugh LLP - ASSIA
2251 Grant Road, Suite H GRUALVA LOBOS, BORIS D
Los Altos, CA 94024
| ART UNIT | PAPER NUMBER |
2446
| NOTIFICATION DATE | DELIVERY MODE |
09/26/2023 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

docketl @northweber.com
mnorth@northweber.com
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO, Box 1450

Alexandria, Virginia 22313-1450

WWW.USDLO 2OV

APPLICATION NO. ISSUE DATE PATENT NO.

17/102,099 26-Sep-2023 11770313

North Weber & Baugh LLP - ASSIA
2251 Grant Road, Suite H
Los Altos, CA 94024

EGRANT NOTIFICATION

Your electronic patent grant (eGrant) is now available, which can be accessed via Patent Center at https://
patentcenter.uspto.gov

The electronic patent grant is the official patent grant under 35 U.S.C. 153. For more information, please visit
https://www.uspto.gov/electronicgrants
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gmmons  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. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
17/102,099 09/26/2023 11770313 20145-054USC 1038
146571 7590 09/06/2023

North Weber & Baugh LLP - ASSIA
2251 Grant Road, Suite H
Los Altos, CA 94024

ISSUE NOTIFICATION

The projected patent number and issue date are specified above. The patent will issue electronically. The
electronically issued patent is the official patent grant pursuant to 35 U.S.C. § 153. The patent may be accessed
on or after the issue date through Patent Center at https://patentcenter.uspto.gov/. The patent will be available in
both the public and the private sides of Patent Center. Further assistance in electronically accessing the patent,
or about Patent Center, is available by calling the Patent Electronic Business Center at 1-888-217-9197.

The USPTO is implementing electronic patent issuance with a transition period, during which period the
USPTO will mail a ceremonial paper copy of the electronic patent grant to the correspondence address of
record. Additional copies of the patent (i.e., certified and presentation copies) may be ordered for a fee from the
USPTO’s Certified Copy Center at https://certifiedcopycenter.uspto.gov/index.html. The Certified Copy Center
may be reached at (800)972-6382.

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 O 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 Center (https://
patentcenter.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 Application Assistance Unit (AAU) of the Office of Patents Stakeholder Experience (OPSE),
Stakeholder Support Division (SSD) at (5§71)-272-4200.
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INVENTOR(S) (Please see PATENT CENTER site https://patentcenter.uspto.gov for additional inventors):
Wonjong Rhee, San Francisco, CA;
APPLICANT(s) (Please see PATENT CENTER site https:/patentcenter.uspto.gov for additional applicants):

ASSIA SPE, LLC, Wilmington, DE;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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United States Patent and Trademark Office

Office of tle Chief Finaneial Qfficer

Document Code WHEER
Usar :Sengpheth Sandara
Retfund Accounting Dale:08/30/2023

Effective Date Sale Item Reference Number Refund Total
08/13/2023 17102099 $2,000.00
Document Number Fee Code Fee Code Description Amount Paid Payment Method Account Number
120238TD23436700 1820 RCE- 2ND AND $2,000.00 Visa Frmmeeee 3763
SUBSEQUENT
REQUEST
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United States Patent and Trademark Office

Office of tle Chief Finaneial Qfficer

Document Code WHEER
Usar :Sengpheth Sandara

Sale Adiusiment Accounting Date:08/30/2023

Effective Date
08/13/2023

Document Number
120238TD23436700

Sale Accounting Date Sale tem Reference Number

08/30/2023 17102099

Fee Code Fee Code Description Amount Paid

1820 RCE- 2ND AND SUBSEQUENT $2,000.00
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. [ CONFIRMATION NO. |
17/102,099 11/23/2020 Wonjong Rhee 20145-054USC 1038
146571 7590 08/18/2023 | EXAMINER |
North Weber & Baugh LLP - ASSIA
2251 Grant Road, Suite H GRUALVA LOBOS, BORIS D
Los Altos, CA 94024
| ART UNIT | PAPER NUMBER |
2446
| NOTIFICATION DATE | DELIVERY MODE |
08/18/2023 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

docketl @northweber.com
mnorth@northweber.com

PTOL-90A (Rev. 04/07)
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rrect Application No. Applicant(s)
Noti CO/A/IGd bili 17/102,099 Rhee, Wonjong
olice of Allowability Examiner ArtUnit | AIA (FITF) Status
BORIS D GRIJALVA LOBOS 2446 No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondernce 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.} This communication is responsive to communications filed on 8/13/2023.

[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

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

3.} The allowed claim(s) is/are 1-23 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

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

Certified copies:
a) LJAI b) (J Some* ¢) [J None of the:
1. [J Certified copies of the priority documents have been received.
2. [J 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 result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5.[] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

{3 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).

6.0 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)

1.00 Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2. Information Disclosure Statements (PTO/SB/08), 6. (J Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 7/30/2023, 8/13/2023.

3.0 Examiner's Comment Regarding Requirement for Deposit 7. (0 Other .

of Biological Material
4.0 Interview Summary (PTO-413),
Paper No./Mail Date.

/BORIS D GRIJALVA LOBOS/
Primary Patent Examiner, Art Unit 2446

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20230816

Charter Communications, Inc.
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Receipt date: 08/13/2023

17/102,099 - GAU:

PTO/SB/08b (07-09)

Approved for use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

required to respond to a collection of information unless it contains a valid OMB control number.

Complete if Known

Under the Paperwork Reduction Act of 1995, no persons ar:
f Substitute for form 1449/PTO

Application Number

17/102,099

INFORMATION DISCLOSURE

Filing Date

11-23-2020

STATEMENT BY APPLICANT

First Named Inventor

Wonjong Rhee

Art Unit

2446

(Use as many sheets as necessary)

Examiner Name

GRIJALVA LOBOS, BORIS D

Sheet |1 | of |1

Attorney Docket Number

20145-054USC

NON PATENT LITERATURE DOCUMENTS

Examiner Cite1 Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of

Initials* No. the item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue T2
number(s), publisher, city and/or country where published.
; European office action filed 8/9/2023 in related European patent
application no. 20762897.5, Attorney Docket No. [20145-117EP], (56 pgs).
|

Examiner

Signature | /BORIS D GRIJALVA LOBOS/

Date ]
Considered 08/16/2023

*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.
1 Applicant’s unique citation designation number (optional). 2 Applicant is to place a check mark here if English language Translation is attached.
This collection of information is required by 37 CFR 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours 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, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO:

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

If you need assistance in completing the form, call 1-800-PT0O-9199 (1-800-786-9199) and select option 2.

ALIL. REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /B.D.G/

24486
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Receipt date: 08/13/2023

Privacy Act Statement

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

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

1.

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

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

A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

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

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

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

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

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

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

ALIL. REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /B.D.G/

17/102,099 - GAU: 2448
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Receipt date: 07/30/2023

17/102,099 - GAU: 2448

PTO/SB/08b (07-09)

Approved for use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
required to respond to a collection of information unless it contains a valid OMB control number.

Complete if Known

Under the Paperwork Reduction Act of 1995, no persons ar:
f Substitute for form 1449/PTO

Application Number

17/102,099

INFORMATION DISCLOSURE

Filing Date

11-23-2020

STATEMENT BY APPLICANT

First Named Inventor

Wonjong Rhee

(Use as many sheets as necessary)

Art Unit

2446

Examiner Name

GRIJALVA LOBOS, BORIS D

Sheet |1 | of |1

Attorney Docket Number

20145-054USC

NON PATENT LITERATURE DOCUMENTS

Examiner | Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of
Initials* No.” the item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue T2
number(s), publisher, city and/or country where published.

Response to Chinese office action dated filed 7/26/2023, in the Chinese patent
! application No. 202010074633.2, Attorney Docket No. [20145-054CND], (3 pgs).

Canadian Notice of Allowance mailed 6/30/2023 in Canadian patent application
No. 3,129,522, Attorney Docket No. [20145-117CA], (1 pg).

European summons to attend oral proceedings pursuant to Rule 115(1) EPC, mailed
3 16/29/2023 in EP patent application No. 18211162.5, Docket No. [20145-055EPD], (5 pgs).

Examiner
Signature

/BORIS D GRIJALVA LOBOS/

Date
Considered

g8/16/2023

*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.
1 Applicant’s unique citation designation number (optional). 2 Applicant is to place a check mark here if English language Translation is attached.

This collection of information is required by 37 CFR 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours 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, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO:
Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 (1-800-786-9199) and select option 2.

ALIL. REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /B.D.G/

Charter Communications, Inc.
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Receipt date: 07/30/2023

Privacy Act Statement

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

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

1.

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

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

A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

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

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

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

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

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

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

ALIL. REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /B.D.G/
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Office of tle Chief Finaneial Qfficer

Document CodeWEREE
User :Charmise Carter
Sale Accounting Date:08/16/2023

United States Patent and Trademark Office

Sale Item Reference Number Effective Date
17102099 08/13/2023
Document Number Fee Code Fee Code Description Amount Paid
120238F736485605 1806 SUBMISSION- INFORMATION $260.00

DISCLOSURE STMT

Payment Method
Deposit Account
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Under the Paperwork Reduction Act of 1995, no persons ar:
f Substitute for form 1449/PTO

PTO/SB/08b (07-09)

Approved for use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
required to respond to a collection of information unless it contains a valid OMB control number.

Complete if Known

Application Number

17/102,099

INFORMATION DISCLOSURE

Filing Date

11-23-2020

STATEMENT BY APPLICANT

First Named Inventor

Wonjong Rhee

Art Unit

2446

(Use as many sheets as necessary)

Examiner Name

GRIJALVA LOBOS, BORIS D

Sheet |1 | of |1

Attorney Docket Number

20145-054USC

NON PATENT LITERATURE DOCUMENTS

Examiner | Cite Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of
Initials* No.” the item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue T2
number(s), publisher, city and/or country where published.

European office action filed 8/9/2023 in related European patent
application no. 20762897.5, Attorney Docket No. [20145-117EP], (56 pgs).

Examiner
Signature

Date
Considered

*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.
1 Applicant’s unique citation designation number (optional). 2 Applicant is to place a check mark here if English language Translation is attached.

This collection of information is required by 37 CFR 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours 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, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO:
Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 (1-800-786-9199) and select option 2.

Charter Communications, Inc.
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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. 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. Arrecord 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. Arecord 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. Arecord 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. Arecord 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. Arrecord 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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Electronic Patent Application Fee Transmittal

Application Number:

17102099

Filing Date:

23-Nov-2020

Title of Invention:

METHOD, APPARATUS, AND SYSTEM FOR OPTIMIZING PERFORMANCE OF A
COMMUNICATION UNIT BY A REMOTE SERVER

First Named Inventor/Applicant Name:

Wonjong Rhee

Filer:

Michael V. North/Domarina Alkhas

Attorney Docket Number:

20145-054USC

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sul&;l’;(tsa)l in
Basic Filing:
PETITION FEE- 37 CFR 1.17(H) (GROUP IlI) 1464 1 140 140
RCE- 2ND AND SUBSEQUENT REQUEST 1820 1 2000 2000

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:
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Sub-Total in

Description Fee Code Quantity Amount USD($)
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 2140
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
www.uspto.gov

Decision Date : August 13,2023
In re Application of :
DECISION ON PETITION

UNDER CFR 1.313(c)(2)

Wonjong Rhee

Application No : 17102099

Filed : 23-Nov-2020
Attorney Docket No: 20145-054USC

This is an electronic decision on the petition under 37 CFR 1.313(c)(2), filed August 13,2023 , to withdraw the above-identified
application from issue after payment of the issue fee.

The petition is GRANTED.

The above-identified application is withdrawn from issue for consideration of a submission under 37 CFR 1.114 (request for
continued examination). See 37 CFR 1.313(c)(2).

Petitioner is advised that the issue fee paid in this application cannot be refunded. If, however, this application is again
allowed, petitioner may request that it be applied towards the issue fee required by the new Notice of Allowance.

Telephone inquiries concerning this decision should be directed to the Patent Electronic Business Center (EBC) at 866-217-9197.

This application file is being referred to Technology Center AU 2446 for processing of the request for continuing examination
under 37 CFR 1.114.

Office of Petitions
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Electronic Acknowledgement Receipt

EFS ID: 48433587
Application Number: 17102099
International Application Number:
Confirmation Number: 1038

Title of Invention:

METHOD, APPARATUS, AND SYSTEM FOR OPTIMIZING PERFORMANCE OF A
COMMUNICATION UNIT BY A REMOTE SERVER

First Named Inventor/Applicant Name:

Wonjong Rhee

Customer Number:

146571

Filer:

Michael V. North/Domarina Alkhas

Filer Authorized By:

Michael V. North

Attorney Docket Number: 20145-054USC
Receipt Date: 13-AUG-2023
Filing Date: 23-NOV-2020
Time Stamp: 17:44:32

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $2140

RAM confirmation Number E20238CH44297003
Deposit Account 502776

Authorized User

Domarina Alkhas

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

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

37 CFR 1.17 (Patent application and reexamination processing fees)

Charter Communications, Inc.
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37 CFR 1.19 (Document supply fees)
37 CFR 1.20 (Post Issuance fees)
37 CFR 1.21 (Miscellaneous fees and charges)
File Listing:
Document s . File Size(Bytes Multi Pages
u Document Description File Name ile Size( y V " '. . 9
Number Message Digest | Part/.zip| (ifappl.)
39869
1 ePetition Request Form petition-request.pdf no 2
9359e6b7d3662f9cca7445eda407913ab10]|
a209b
Warnings:
Information:
697671
5 Request for Co?terC’n;)ed Examination 054USC_SIDS_RCE_SB30.pdf no 3
Uulglu"/‘
Warnings:
Information:
234918
3 Quick Path Igtfotrmatlotn Disclosure 054USC_SIDS_QPID__SB09.pdf no 5
atemen edbc6a0610abb979e5bfbbb6b091d48fadC
ba109
Warnings:
Information:
27886
4 Transmittal Letter 054USC_SIDS_Trans.pdf no 3
2638c901b6d98d3eb29495c6c73808f0c7 |
11150
Warnings:
Information:
323048
5 Information DFlscIosuSrBeOSStatement (IDS) 054USC_SIDS_SBO8b.pdf no 5
orm ( ) 26ec34bf841f63e4711ae7b7db7762e58¢7
2bc7
Warnings:
Information:
This is not an USPTO supplied IDS fillable form
2400534
6 Non Patent Literature 054USC_SIDS_NPL1.pdf no 56
1949d035c701565¢14706906af83112ab2ef]|
6cd7
Warnings:
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Information:

40849
7 Fee Worksheet (SB06) fee-info.pdf no 2
2e24966683182555a6b3eb5f8da76209c72]
9a514
Warnings:
Information:
Total Files Size (in bytes){ 3764775

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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PTO/SB/140

Doc Code: PET.AUTO U.S. Patent and Trademark Office
Document Description: Petition automatically granted by EFS-Web Department of Commerce

Electronic Petition Request PETITION TO WITHDRAW AN APPLICATION FROM ISSUE AFTER PAYMENT OF

THE ISSUE FEE UNDER 37 CFR 1.313(c)

Application Number 17102099

Filing Date 23-Nov-2020

First Named Inventor Wonjong Rhee

Art Unit 2446

Examiner Name BORIS GRIJALVA LOBOS

Attorney Docket Number 20145-054USC

Title METHOD, APPARATUS, AND SYSTEM FOR OPTIMIZING PERFORMANCE OF A

COMMUNICATION UNIT BY A REMOTE SERVER

An application may be withdrawn from issue for further action upon petition by the applicant. To request that the Office
withdraw an application from issue, applicant must file a petition under this section including the fee set forth in § 1.17(h) and a
showing of good and sufficient reasons why withdrawal of the application from issue is necessary.

APPLICANT HEREBY PETITIONS TO WITHDRAW THIS APPLICATION FROM ISSUE UNDER 37 CFR 1.313{c).

A grantable petition requires the following items:

{1) Petition fee; and

{2) One of the following reasons:

{a) Unpatentability of one or more claims, which must be accompanied by an unequivocal statement that one or more claims
are unpatentable, an amendment to such claim or claims, and an explanation as to how the amendment causes such claim or
claims to be patentable;

{b) Consideration of a request for continued examination in compliance with § 1.114 {for a utility or plant application only); or
{c) Express abandonment of the application. Such express abandonment may be in favor of a continuing application, but not a
CPA under 37 CFR 1.53(d).

Petition Fee

(O Small Entity

() Micro Entity

(®) Regular Undiscounted

Reason for withdrawal from issue
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(O One or more claims are unpatentable

(®) Consideration of a request for continued examination (RCE} (List of Required Documents and Fees)

O Applicant hereby expressly abandons the instant application (any attorney/agent signing for this reason must
have power of attorney pursuant to 37 CFR 1.32(b)).

RCE request,submission, and fee.

| certify, in accordance with 37 CFR 1.4(d)(4) that :
The RCE request ,submission, and fee have already been filed in the above-identified application on

Are attached.

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES

| certify, in accordance with 37 CFR 1.4(d)(4) that | am:

® An attorney or agent registered to practice before the Patent and Trademark Office who has been given power of attorney
in this application.

(O Anattorney or agent registered to practice before the Patent and Trademark Office, acting in a representative capacity.

(O Asoleinventor

O A joint inventor; | certify that | am authorized to sign this submission on behalf of all of the inventors as evidenced by the
power of attorney in the application

(O Ajoint inventor; all of whom are signing this e-petition

Signature /Michael North/
Name Michael North
Registration Number 46063
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Doc Code: QPIDS.REQ
Document Description: QuickPath Information Disclosure Statement

PTO/SB/09 (09-18)

CERTIFICATION AND REQUEST FOR CONSIDERATION OF AN INFORMATION DISCLOSURE
STATEMENT FILED AFTER PAYMENT OF THE ISSUE FEE UNDER THE QPIDS PROGRAM

Non-Provisional Application Number: Filing Date:

17/102,099 11-23-2020

First Named Inventor: Title of Invention:

WO nJ on g R h ee METHOD, APPARATUS, AND SYSTEM FOR OPTIHIZING PERFORMANCE OF A COMMUNICATI]

THE UNDERSIGNED HEREBY CERTIFIES AND REQUESTS THE FOLLOWING FOR THE ABOVE-
IDENTIFIED APPLICATION.

1.

2.

Consideration is requested of the information disclosure statement (IDS) submitted herewith, which is
being filed after payment ofthe issue fee.

Check the box next to the appropriate selection:

patent office in a counterpart foreign application not more than three months prior to the filing ofthe IDS.
See 37 CFR 1.97(e)(1).

OR

No item of information contained in the IDS was cited in a communication from a foreign patent office
in a counterpart foreign application, and, to the knowledge of the person signing the certification after
making reasonable inquiry, no item of information contained in the IDS was known to any individual
designated in 37 CFR 1.56(c) more than three months prior to the filing ofthe IDS. See 37 CFR
1.97(e)(2).

OR

See attached certification statement in compliance with 37 CFR 1.97(e).

Please charge the IDS fee set forth in 37 CFR 1.17(p) to Deposit Account No. 50-2776

A Petition to Withdraw from Issue After Payment of the Issue Fee (37 CFR 1.313(c)(2)), including the
petition fee set forth in 37 CFR 1.17(h), is submitted herewith as a Web-based e Petition.

WARNING: Do not submitthe petition as a follow-on paper via EFS-Web. Submi the petition as a Web-
based ePetition by signing on to EFS-Web as a registered user, selecting the radio button next to
“Existing application/patent,” and then selecting the radio button next to “ePetition (for automatic
processing and immediate grant, if all petitions requirements are met).” Failure to use the Web-based
ePetition interface will result in automatic entry ofthe RCE.

A request for continued examination (RCE) under 37 CFR 1.114 and the RCE fee under 37 CFR 1.17(g)
are submitted herewith.

The RCE will be treated as a “conditional” RCE. In the event the examiner determines that any item of
information contained in the IDS necessitates the reopening of prosecution in the application, the
undersigned understands that (i) the RCE will be processed and treated as an RCE under 37 CFR 1.114
and therefore (ii) the IDS fee under 37 CFR 1.17(p) will be returned in accordance with

37 CFR 1.97(b)(4). Inthe event that no item of information in the IDS necessitates reopening prosecution,
the undersigned understands that the RCE will not be processed and the RCE fee under 37 CFR 1.17(¢)
will be returned.

This certification and request is being filed as a Web-based ePetition and is not accompanied by an
amendment to the application. Inclusion of an amendment will result in automatic entry of the RCE.

Signatu,e/MiChae| V. North/ Date2023_08_1 3

Name MlChael V North Registration Number46,963

(Print/Typed)

Practitioner

(If applicable)

Note: Signatures of all the inventors orassignees of record of the entire interest ortheirrepresentative(s) are requiredin accordance with
37 CFR 1.33 and 11.18. Please see 37 CFR 1.4(d) for the form of the signature. If necessary, submit multiple forms for more than one
signature, see below.*

*Total of_1___ forms are submitted.

If you need assistance in conpleting the form call 1-800-PTO-9199 and selectoption 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 connectionwith your
submission ofthe attached form related to a patent application or patent. Accordingly, pursuantto the requirements of
the Act, please be advised that: (1) the general authorityfor the collection ofthis informationis 35 U.S.C.2(b)(2); (2)
furnishing ofthe information solicited is voluntary; and (3) the principal purpose forwhich the information is used bythe
U.S. Patent and Trademark Office is to process and/orexamine your submission related to a patentapplication or
patent. If you do not furnish the requestedinformation, the U.S. Patent and Trademark Office maynot be able to
process and/orexamine your submission, which mayresultin termination of proceedings orabandonment ofthe
application or expiration ofthe patent.

The information provided byyou in this form will be subjectto the following routine uses:

1.

The information on this form will be treated confidentiallyto the extent allowed underthe Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (56 U.S.C 552a). Records from this system ofrecords may
be disclosed to the Department of Justice to determine whetherdisclosure ofthese records is required bythe
Freedom of Information Act.

A record from this system ofrecords maybe disclosed, as aroutine use, in the course ofpresenting evidence
to a court, magistrate, oradministrative tribunal, including disclosures to opposing counselin the course of
settlementnegotiations.

Arecord in this system ofrecords maybe disclosed, as aroutine use,to a Memberof Congress submitting a
requestinwlving an individual,to whom the record pertains, when the individual has requested assistance fom
the Memberwith respectto the subject matter ofthe record.

Arecord in this system ofrecords maybe disclosed, as aroutine use, to a contractor ofthe Agency having
need for the information in orderto perform a contract. Recipients ofinformation shallbe required to comply
with the requirements ofthe Privacy Act of 1974, as amended, pursuantto 5U.S.C. 552a(m).

A record related to an International Application filed underthe PatentCooperation Treatyin this system of
records maybe disclosed, as aroutine use, to the International Bureau ofthe World Intellectual Property
Organization, pursuantto the Patent Cooperation Treaty.

Arecord in this system ofrecords maybe disclosed, as aroutine use, to anotherfederal agencyfor purposes
of National Securityreview (35 U.S.C. 181) and for review pursuantto the Atomic Energy Act (42 U.S.C.
218(c)).

A record from this system ofrecords maybe disclosed, as aroutine use, to the Administrator, General
Services, or his/herdesignee, during an inspection ofrecords conducted by GSA as partof that agency’s
responsibilityto recommend improvements in records management practices and programs, under authority of
44 U.S.C. 2904 and 2906. Suchdisclosure shallbe made in accordance with the GSA regulations governing
inspection ofrecords forthis purpose, and anyotherrelevant (i.e., GSA orCommerce) directive. Such
disclosure shallnotbe used to make determinations aboutindividuals.

A record from this system ofrecords maybe disclosed, as aroutine use, to the public after either publication of
the application pursuantto 35 U.S.C. 122(b) or issuance ofa patentpursuantto 35 U.S.C. 151. Further, a
record may be disclosed, subjectto the limitations 0f37 CFR 1.14, as a routine use, to the publicifthe record
was filed in an application which became abandoned orin which the proceedings were terminated and which
application is referenced byeithera published application, an application open to publicinspection oran issued
patent.

A record from this system ofrecords maybe disclosed, as aroutine use, to a Federal, State, or local law
enforcementagency, ifthe USPTO becomes aware ofa violation or potential violation of law or regulation.
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PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. 1 17/102,099 Confirmation No. : 1038

Inventor :  Wonjong Rhee

Filing Date ¢ 11-23-2020

Title : METHOD, APPARATUS, AND SYSTEM FOR OPTIMIZING
PERFORMANCE OF A COMMUNICATION UNIT BY A REMOTE
SERVER

Art Unit 1 2446

Examiner : GRIJALVA LOBOS, BORIS D

Docket No. : 20145-054USC

Customer No. 146571

CERTIFICATE OF MAILING (37 CFR §1.8)
I hereby certify, pursuant to 37 CEFR §1.8, that this correspondence is being electronically transmitted via EFS-Web
addressed to Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450, on the date shown below:
Date:  August 13, 2023 By: /Domarina Alkhas/
Domarina Alkhas

INFORMATION DISCLOSURE STATEMENT

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

Dear Examiner Grijalva Lobos:

Filed herewith, in accordance with the provisions of 37 CFR §§ 1.56 and 1.97-1.98, listing
various references for consideration by the Examiner, is an Information Disclosure Statement

(“IDS™).

The filing of this IDS shall not be construed as a representation that a search has been
made, or regarding the completeness of the list of references, or that no other material information
exists. Furthermore, the filing of this IDS shall not be construed as a representation that inclusion
of a reference in this list is an admission that it is prior art or is pertinent to this application, or as
an admission that the information listed is, or may be considered to be, material to the patentability
of the above referenced application. The filing of this IDS shall not be construed in any manner as

an admission against interest.
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PATENT

This IDS is being filed:

]

I

within three months of the filing date of a national application, other than a
continued prosecution application under § 1.53(d);

within three months of the date of entry of the national stage as set forth in § 1.491
in an international application;

before the mailing of a first Office Action on the merits;

before the mailing of a first Office Action after the filing of a request for continued
examination under § 1.114;

after three months of the filing date or entry into the national stage or after the
mailing of a first Office action on the merits, but before the mailing date of any
final action under § 1.113, a notice of allowance under §1.311, or an action that
otherwise closes prosecution in the application;

AND
] enclosed herein is the fee set forth in 37 CFR § 1.17(p);
OR
] Applicant certifies pursuant to 37 CFR § 1.97(e):

] That each item of information contained in the information
disclosure statement was first 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 disclosure statement;

OR

] That no item of information contained in this information
disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application,
and, to the knowledge of the person signing this certification
after making reasonable inquiry, no item of information
contained in the information disclosure statement was
known to any individual designated in § 1.56(c) more than
three months prior to the filing of this information disclosure
statement.

on or before the payment of the issue fee but after the mailing of a final action under
§ 1.113, a notice of allowance under §1.311, or an action that otherwise closes
prosecution in the application;

This IDS is being filed after the payment of Issue Fee; with QPID attached.
AND
X enclosed herein is the fee set forth in 37 CFR § 1.17(p);
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AND

PATENT

|Z| Applicant certifies pursuant to 37 CFR § 1.97(e):

X

OR

That each item of information contained in the information
disclosure statement was first 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 disclosure statement;

That no item of information contained in this information
disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application,
and, to the knowledge of the person signing this certification
after making reasonable inquiry, no item of information
contained in the information disclosure statement was
known to any individual designated in § 1.56(c) more than
three months prior to the filing of this information disclosure
statement.

] Applicant submits that the enclosed Information Disclosure Statement is timely;
therefore, no fee is required.

X Except as provided for under 37 CFR § 1.98(a)(2), Applicant has enclosed a copy
of each listed reference.

] Pursuant to 37 CFR § 1.704(d), Applicant certifies that each of the references cited
herein were first cited in a communication from a foreign patent office in a
counterpart application and that this communication was not received by any
individual designated in 37 CFR § 1.56(c) more than thirty days prior to the filing
of this Information Disclosure Statement.

Consideration of the listed references and favorable action are requested. If any additional

fees are due in connection with the filing of this Information Disclosure Statement, the

Commissioner is hereby authorized to charge such fees to Deposit Account 50-2776.

Date: August 13, 2023

Respectfully submitted,

By:  /Michael V. North/
Michael V. North

Reg. No. 46,963
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PARY B - FEE(S) TRANSMITTAL

Coraplete and sead this form, together with applicable fee(s), by mail or fax, or via Ei eb.
By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for

P.Q. Box 1450
Alexandria, Virginia 22313-1450
1id be used for tr: 1sm1.m’m the l\SL‘h f !F and PUhl I(‘

o shor

Because thﬂ, (s pdﬁ,mt issuanee may muxr &h-sralv aﬁé. issue
ue fee in order not to Jeﬂg,-rtixze cquends\nu.

itings of the
mpanyin,
tag, must

CURRENT CORRESPONDENCE ADIRESS (Note: Use Block 1 for any change of address)

57 790 /
‘\mth Weber & Baugh LLP - ASSEL\ Y the
2251 Grant Road, Suite H addrossed to ii‘w " Stop 1591
Los Altos, CA 94024 the USPTO via BES-Web or by fa
Domarina Alkhas Iy
/Domarina Alkhas/ Sign
August 1, 2023

ge for

ELudTCCS amv:‘, or hc‘ ng

with suffici

g APPLICATION NO. ; FILING DATE g FIRST NAMED INVENTOR § ATTORNEY DOCKET NO. E CONFIRMATION NO I
17/102,099 112302020 Wonjong Rhee 26145-054USC 1038

TITLE OF INVENTION: METHOD, APPARATUS

CANDSYSTEMFOR OFTIV

I

i

ING PERFORMANCE OF A COMMUMICATION UNIT BY A REMOTE

SERYEER,
APPLN, TYPE I ENTITY STATUS § 185U FEE DUE E PUBLICATION FEE DUE ¥ PREV. PAID ISSUE FEE E TOTAL FEE(S) DUE z DATE DUE I
nonprovisional UNDISCOUNTED $1200 50.00 SG.00 $1200 08/02/2023
E EXAMINER 3 ART UNIT E CLASS-SURCLASS i
GRIJALVA LORGS, BORISD 2446 709-224000

i. Change of correspondence address or indi
CEFR § 3630,

on of "Fee Address” (37 2. For priniing on the patent {ront page, list
(1) The names of up to 3 registered p afforneys

or agents { OR. aliematu . ’ *"1_North Weber & Baugh LLP

ney or 2 Michael North
red patent ats

name will be p

nt) and the
neys O agents.

d “Pee Address” indication (or "Fee Addres!
ALAMAT or PTOYSE/AT, Rev 03-02 or more recent) a
Customer Number is reguired.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT {print or type}

3
PLEASE NOTE: U sified below, no assignee dats will ¢
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3. tion of this form is NOT a substitute for filing an assignment.

(A} NAME OF ASSIGNEE (R} RESIDENCE: (CITY and STATE OR COUNTRY)
ASSIA SPE, LLC Wilmington, DE
Please check the appropriate assignee category or categories {will not be printed on the patent; : L naividuat X Corporation or other private group entity L Government
Rbresue Fee Ldpubticat

s (Please first veapply any previously paid fee shown above}

100 DAame 18

srinted.

.mmed lmg of 2 ) 3

atent. [{ an assignee is identified below, the document must have been previouslty

ppear on the
¥ § )

4a 5 subrmit
4b. Method of Pa

n Fee {(if req

L4 Flectronic Payment via Patent Center or EFS-Web ' Enclosed check X Non-electronic payment by credit card {Astach form PTO-2038)

)

X3 The Diirecter is hereby authorized {o charge the reqguired fe

y deficiency, or credit any overpayment to Deposit Account No. _50-2776

5. Change g Entity States (from statues indicated above)
i Applicant ¢ e 37 CFR 129

s PTO/SB/15A and 15B), issue
of applicati donment.

taken

g microe entity ¢

'wd Applicant asserting smail eatity

micro entity status, checking this box will be
t {0 micro entity status.

37 CFR 1.27 onﬂqu' r’rﬁ‘«ll}bbly under

entitler

>n of 1oss of entitlement to small or micro

L Applicant changing {o regular undiscounted fee status.

NOTE: This form mast be signed in sccordance with 37 CFR 1,31 and 1.33. See 37 CEFR 1.4 for signature requirements and certifications.

Authorized Signansre /Michael North/ Date August 1, 2023
Typed or pri Michael North Registration No. 46,963

PTOL-85 Part B (08-18} Approved for use through 01/31/2020 1.8, Patent and Trademark Office; U.S. DEPARTME

TOF COMMERCE
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Electronic Patent Application Fee Transmittal

Application Number: 17102099

Filing Date: 23-Nov-2020

METHOD, APPARATUS, AND SYSTEM FOR OPTIMIZING PERFORMANCE OF A

Title of Invention: COMMUNICATION UNIT BY A REMOTE SERVER

First Named Inventor/Applicant Name: Wonjong Rhee
Filer: Michael V. North/Domarina Alkhas
Attorney Docket Number: 20145-054USC

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sul&;l’;(tsa)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 1501 1 1200 1200
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Description Fee Code Quantity Amount Sul:’-;l';(t:)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 1200
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Electronic Acknowledgement Receipt

EFS ID: 48381549
Application Number: 17102099
International Application Number:
Confirmation Number: 1038

Title of Invention:

METHOD, APPARATUS, AND SYSTEM FOR OPTIMIZING PERFORMANCE OF A
COMMUNICATION UNIT BY A REMOTE SERVER

First Named Inventor/Applicant Name:

Wonjong Rhee

Customer Number:

146571

Filer:

Michael V. North/Domarina Alkhas

Filer Authorized By:

Michael V. North

Attorney Docket Number: 20145-054USC
Receipt Date: 01-AUG-2023
Filing Date: 23-NOV-2020
Time Stamp: 22:26:27

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $1200

RAM confirmation Number E202381M27008900
Deposit Account 502776

Authorized User

Domarina Alkhas

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

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

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 (Document supply fees)
37 CFR 1.20 (Post Issuance fees)

37 CFR 1.21 (Miscellaneous fees and charges)

File Listing:
Document Document Description File Name File S|ze(B)ftes)/ MuIt|' .Pages
Number Message Digest | Part/.zip| (ifappl.)
205485
1 Issue Fee Payment (PTO-85B) OS4USC_PTOLZ?5PartB_NOA. no 1
p c499adad6efb524a19a99b3fc9e71d01d82,
Warnings:
Information:
38150
2 Fee Worksheet (SB06) fee-info.pdf no 2
b50d4304f0058eebc7b11117b8c69f946.2ff|
2dc8
Warnings:
Information:
Total Files Size (in bytes){ 243635

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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PTO/SB/08b (07-09)

Approved for use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

required to respond to a collection of information unless it contains a valid OMB control number.

Complete if Known

Under the Paperwork Reduction Act of 1995, no persons ar:
f Substitute for form 1449/PTO

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

(Use as many sheets as necessary)

Application Number 17/102,099
Filing Date 11-23-2020
First Named Inventor Wonjong Rhee
Art Unit 2446

Examiner Name

GRIJALVA LOBOS, BORIS D

Sheet |1 | of |1

Attorney Docket Number

20145-054USC

NON PATENT LITERATURE DOCUMENTS

Examiner Cite1 Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of

Initials* No. the item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue T2
number(s), publisher, city and/or country where published.
Response to Chinese office action dated filed 7/26/2023, in the Chinese patent
! application No. 202010074633.2, Attorney Docket No. [20145-054CND], (3 pgs).
5 Canadian Notice of Allowance mailed 6/30/2023 in Canadian patent application
No. 3,129,522, Attorney Docket No. [20145-117CA], (1 pg).
European summons to attend oral proceedings pursuant to Rule 115(1) EPC, mailed
3 16/29/2023 in EP patent application No. 18211162.5, Docket No. [20145-055EPD], (5 pgs).
Ll

Examiner
Signature

Date
Considered

*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.
1 Applicant’s unique citation designation number (optional). 2 Applicant is to place a check mark here if English language Translation is attached.
This collection of information is required by 37 CFR 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours 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, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO:

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

If you need assistance in completing the form, call 1-800-PT0O-9199 (1-800-786-9199) 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. 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. Arrecord 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. Arecord 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. Arecord 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. Arecord 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. Arrecord 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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Electronic Patent Application Fee Transmittal

Application Number:

17102099

Filing Date:

23-Nov-2020

Title of Invention:

METHOD, APPARATUS, AND SYSTEM FOR OPTIMIZING PERFORMANCE OF A
COMMUNICATION UNIT BY A REMOTE SERVER

First Named Inventor/Applicant Name:

Wonjong Rhee

Filer:

Michael V. North/Domarina Alkhas

Attorney Docket Number:

20145-054USC

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sul&-;l’;(tsa)l in
Basic Filing:
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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Description Fee Code Quantity Amount Sul:’-;l';(t:)l in
Miscellaneous:
SUBMISSION- INFORMATION DISCLOSURE STMT 1806 1 260 260
Total in USD ($) 260
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Electronic Acknowledgement Receipt

EFS ID: 48368665
Application Number: 17102099
International Application Number:
Confirmation Number: 1038

Title of Invention:

METHOD, APPARATUS, AND SYSTEM FOR OPTIMIZING PERFORMANCE OF A
COMMUNICATION UNIT BY A REMOTE SERVER

First Named Inventor/Applicant Name:

Wonjong Rhee

Customer Number:

146571

Filer:

Michael V. North/Domarina Alkhas

Filer Authorized By:

Michael V. North

Attorney Docket Number: 20145-054USC
Receipt Date: 30-JUL-2023
Filing Date: 23-NOV-2020
Time Stamp: 15:21:50

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $260

RAM confirmation Number E20237TF22237100
Deposit Account 502776

Authorized User

Domarina Alkhas

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

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

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 (Document supply fees)
37 CFR 1.20 (Post Issuance fees)
37 CFR 1.21 (Miscellaneous fees and charges)
File Listing:
Document i . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (ifappl.)
27561
1 Transmittal Letter 054USC_SIDS_Trans.pdf no 3
e2bce2404599d559fa9676a8791e9e207db|
Warnings:
Information:
324142
5 Information Disclosure Statement (IDS) 054USC_SIDS_SBO8b.pdf no 5
Form (SB08)
a922f3c041ac2a772e7ce1b4096ef3552cdb
cc42
Warnings:
Information:
This is not an USPTO supplied IDS fillable form
179296
3 Non Patent Literature 054USC_SIDS_NPL1.pdf no 3
17€9¢7d58362bead4fcf3a985452c69f53a9)
0d7
Warnings:
Information:
164157
4 Non Patent Literature 054USC_SIDS_NPL2.pdf no 1
7c087480fc90d 113b8f5097b46f2ea5%a36ad
Warnings:
Information:
388806
5 Non Patent Literature 054USC_SIDS_NPL3.pdf no 5
50524709ce21b%e5124c170565e95db%e4d
Warnings:
Information:
38503
6 Fee Worksheet (SB06) fee-info.pdf no 2
45490660e39b9f3e75cd1bclab1af1338592
ee02
Warnings:
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Information:

Total Files Size (in bytes){ 1122465

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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PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. 1 17/102,099 Confirmation No. : 1038

Inventor :  Wonjong Rhee

Filing Date ¢ 11-23-2020

Title : METHOD, APPARATUS, AND SYSTEM FOR OPTIMIZING
PERFORMANCE OF A COMMUNICATION UNIT BY A REMOTE
SERVER

Art Unit 1 2446

Examiner : GRIJALVA LOBOS, BORIS D

Docket No. : 20145-054USC

Customer No. 146571

CERTIFICATE OF MAILING (37 CFR §1.8)
I hereby certify, pursuant to 37 CEFR §1.8, that this correspondence is being electronically transmitted via EFS-Web
addressed to Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450, on the date shown below:
Date:  July 30, 2023 By: /Domarina Alkhas/
Domarina Alkhas

INFORMATION DISCLOSURE STATEMENT

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

Dear Examiner Grijalva Lobos:

Filed herewith, in accordance with the provisions of 37 CFR §§ 1.56 and 1.97-1.98, listing
various references for consideration by the Examiner, is an Information Disclosure Statement

(“IDS™).

The filing of this IDS shall not be construed as a representation that a search has been
made, or regarding the completeness of the list of references, or that no other material information
exists. Furthermore, the filing of this IDS shall not be construed as a representation that inclusion
of a reference in this list is an admission that it is prior art or is pertinent to this application, or as
an admission that the information listed is, or may be considered to be, material to the patentability
of the above referenced application. The filing of this IDS shall not be construed in any manner as

an admission against interest.
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PATENT

This IDS is being filed:

]

I

within three months of the filing date of a national application, other than a
continued prosecution application under § 1.53(d);

within three months of the date of entry of the national stage as set forth in § 1.491
in an international application;

before the mailing of a first Office Action on the merits;

before the mailing of a first Office Action after the filing of a request for continued
examination under § 1.114;

after three months of the filing date or entry into the national stage or after the
mailing of a first Office action on the merits, but before the mailing date of any
final action under § 1.113, a notice of allowance under §1.311, or an action that
otherwise closes prosecution in the application;

AND
] enclosed herein is the fee set forth in 37 CFR § 1.17(p);
OR
] Applicant certifies pursuant to 37 CFR § 1.97(e):

] That each item of information contained in the information
disclosure statement was first 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 disclosure statement;

OR

] That no item of information contained in this information
disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application,
and, to the knowledge of the person signing this certification
after making reasonable inquiry, no item of information
contained in the information disclosure statement was
known to any individual designated in § 1.56(c) more than
three months prior to the filing of this information disclosure
statement.

on or before the payment of the issue fee but after the mailing of a final action under
§ 1.113, a notice of allowance under §1.311, or an action that otherwise closes
prosecution in the application;

AND

X enclosed herein is the fee set forth in 37 CFR § 1.17(p);
AND

X Applicant certifies pursuant to 37 CFR § 1.97(e):
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OR

PATENT

That each item of information contained in the information
disclosure statement was first 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 disclosure statement;

That no item of information contained in this information
disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application,
and, to the knowledge of the person signing this certification
after making reasonable inquiry, no item of information
contained in the information disclosure statement was
known to any individual designated in § 1.56(c) more than
three months prior to the filing of this information disclosure
statement.

] Applicant submits that the enclosed Information Disclosure Statement is timely;
therefore, no fee is required.

X Except as provided for under 37 CFR § 1.98(a)(2), Applicant has enclosed a copy
of each listed reference.

] Pursuant to 37 CFR § 1.704(d), Applicant certifies that each of the references cited
herein were first cited in a communication from a foreign patent office in a
counterpart application and that this communication was not received by any
individual designated in 37 CFR § 1.56(c) more than thirty days prior to the filing
of this Information Disclosure Statement.

Consideration of the listed references and favorable action are requested. If any additional

fees are due in connection with the filing of this Information Disclosure Statement, the

Commissioner is hereby authorized to charge such fees to Deposit Account 50-2776.

Date: July 30, 2023

Respectfully submitted,

By:  /Michael V. North/
Michael V. North

Reg. No. 46,963
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. [ CONFIRMATION NO. |
17/102,099 11/23/2020 Wonjong Rhee 20145-054USC 1038
146571 7590 07/27/2023 | EXAMINER |
North Weber & Baugh LLP - ASSIA
2251 Grant Road, Suite H GRUALVA LOBOS, BORIS D
Los Altos, CA 94024
| ART UNIT | PAPER NUMBER |
2446
| NOTIFICATION DATE | DELIVERY MODE |
07/27/2023 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

docketl @northweber.com
mnorth@northweber.com

PTOL-90A (Rev. 04/07)
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rrect Application No. Applicant(s)
Noti CO/A/IGd bili 17/102,099 Rhee, Wonjong
olice of Allowability Examiner ArtUnit | AIA (FITF) Status
BORIS D GRIJALVA LOBOS 2446 No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondernce 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.} This communication is responsive to communications filed on 6/13/2023.

[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

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

3.} The allowed claim(s) is/are 1-23 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

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

Certified copies:
a) LJAI b) (J Some* ¢) [J None of the:
1. [J Certified copies of the priority documents have been received.
2. [J 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 result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5.[] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

{3 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).

6.0 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)

1.00 Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2. Information Disclosure Statements (PTO/SB/08), 6. (J Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 6/13/2023.

3.0 Examiner's Comment Regarding Requirement for Deposit 7. (0 Other .

of Biological Material
4.0 Interview Summary (PTO-413),
Paper No./Mail Date.

/BORIS D GRIJALVA LOBOS/
Primary Patent Examiner, Art Unit 2446

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20230724
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Receipt date: 06/13/2023

Doc code: IDS

Doc description: Information Disclosure Statement (IDS) Filed

17/102,099 - GAU: 2448

PTO/SB/08a (01-10)

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 contains a valid CMB control number.

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number 17102099

Filing Date P020-11-23

First Named Inventor ‘I.Nonjong Rhee

Art Unit I 2446

Examiner Name

‘ GRIJALVA LOBOS, BORIS D

Attorney Docket Number

| 20145-054USC

If you wish to add additional U.S. Patent citatiof

n information please click the Add button.

U.S.PATENTS Remove
. ) . . Pages,Columns,Lines where
E).(a.m*mer Cite Patent Number Kind Issue Date Name of Patentee or Applicant Relevant Passages or Relevant
Initial No Codet of cited Document )
Figures Appear
1
Add

U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind [ Publication Name of Patentee or Applicant Pages, Columns,Lines where
e Cite No . Relevant Passages or Relevant
Initial Number Codel| Date of cited Document )
Figures Appear
1 0160323015 A1l P016-11-03 enry et al.
2 00110013529 A1 D011-01-20 in etal.
3 20090287827 A1l P009-11-19 orn et al.
4 0050025163 A1 P005-02-03 hristie, IV

If you wish to add additional U.S. Published Application citation information please click the Add button| Add

FOREIGN PATENT DOCUMENTS

Remove

Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Fareign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code2j Code4| Date PP Passages or Relevant
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Receipt date:

06/13/2023 17/102,099 - GAU:

24486

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number 17102099

Filing Date 2020-11-23

First Named Inventor ‘ Wonjong Rhee

Art Unit ‘ 2446

Examiner Name ‘ GRIJALVA LOBOS, BORIS D

Attorney Docket Number ‘ 20145-054USC

If you wish to add additional Foreign Patent Document citation information please click the Add button Add

NON-PATENT LITERATURE DOCUMENTS Remove

Examiner|
Initials*

Cite
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, pages(s), volume-issue number(s),
publisher, city and/or country where published.

Ts

Response to Chinese office aclion dated 1/10/2023 filed 3/16/2023, in the Chinese patent application No.
202010074633.2, Attorney Docket No. [20145-054CND], (5 pgs).

[Canadian Notice of Allowance mailed 5/10/2023 in Canadian patent application No. 3,124,797, Attomey Docket No.
20145-055CAD?2], (1 pg).

Notice of Allowance mailed 5/24/2023 in US patent application No. 15/845,977, Attorney Docket No. [20145-056US(C],
23 pgs).

[Chinese office action mailed 4/17/2023, in the Chinese patent application No. 202010074633 .2, Attomney Docket No.
20145-054CND], (27 pgs).

If you wish to add additional non-patent literature document citation information please click the Add button| Add

EXAMINER SIGNATURE

Examiner Signature || /BORIS D GRIJALVA LOBOS/

IDate Considered “ 07/24/2023

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

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP $01.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.

4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here if
English language translation is attached.
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Receipt date: 06/13/2023 17/102,099% ~ GAU: 2446
Application Number 17102099
Filing Date 2020-11-23

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor ‘ Wonjong Rhee
Art Unit ‘ 2446
Examiner Name ‘ GRIJALVA LOBOS, BORIS D

Attorney Docket Number l 20145-054USC

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
X from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That nc item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[] any individual designated in 37 CFR 1.56(c) moare than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e){2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.
SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Michael North/ Date (YYYY-MM-DD) 2023-06-13
Name/Print Michael North Registration Number |46963

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form 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.
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Receipt date: 06/13/2023 17/102,099 - GAU: 2448

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 autharity 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.8.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

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. 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. 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 bhe 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 hy either a published application, an application open to public inspections or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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PE2E SEARCH - Search History (Prior Art)

Ref # Hits |search Query DBs Default Plurals British Time Stamp
Operator [Equivalents

L1 564700 (H04L1/00,0019,20 (US-PGPUB; USPAT; [OR ON ON 2022/09/24
HO04L7/00,0004 USOCR; FIT (AP, AT, 01:26 AM
H04L41/00,06,08- AU, BE, BG, BR, BY,
0806,0813-0836,085- CA, CH, CN, CS, CU,
0859,0866-0869,50- CZ, DD, DK, EA, EE,

5016,5035,5038 ES, FI, FR, GB, HR,
H04L43/00,04,08- HU, ID, IE, IL, IS, IT,
0817,0876-10,16 JP, KR, LT, LU, LV,
H04L47/00,10,11,12,28,|MA, MC, MD, MY, NL,
29,32).cpc. NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
S|, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L2 18005156 |((broadcast$3 (US-PGPUB; USPAT; [OR ON ON 2022/09/24
disseminat$3 publish$3 |USOCR; FIT (AP, AT, 09:06 PM
provid$3 send$3 sent  [AU, BE, BG, BR, BY,
relay$3 transmit$4 CA,CH, CN, CS, CU,
forward$3 push$3 CZ, DD, DK, EA, EE,
deliver$3 dispatch$3 ES, FI, FR, GB, HR,
convey$3 HU, ID, IE, IL, IS, IT,
communicat$3 receiv$3 [JP, KR, LT, LU, LV,
obtain$3) near5 MA, MC, MD, MY, NL,

(parameters values NO, NZ, PH, PL, PT,

adjustmenty) RO, RS, RU, SE, SG,
SI, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L4 131963 (parameters values (US-PGPUB; USPAT; |OR ON ON 2022/09/24
metrics) near10 USOCR; FIT (AP, AT, 09:08 PM
(performance near5 AU, BE, BG, BR, BY,

(threshold degrad$3 CA,CH, CN, CS, CU,

decreas$3 drop$4 CZ, DD, DK, EA, EE,

maximum minimum)) ES, Fl, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
SI, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L5 18193986 |(adjust$3 modif$7 (US-PGPUB; USPAT; |OR ON ON 2022/09/24
chang$3 edit$4 USOCR; FIT (AP, AT, 09:10 PM
control$4 adapt$3 AU, BE, BG, BR, BY,
regulat$3 fine-tun$3 CA, CH, CN, CS, CU,

(fine near1 tun$3) CZ, DD, DK, EA, EE,

finetun$3 alter$3 ES, FI, FR, GB, HR,

rectif$4) near5 HU, ID, IE, IL, IS, IT,
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L6 63720

L7 3815

L8 1131

L9 4863868

(parameters value
metrics performance)

2 AND 4 AND 5

6 AND 1

7 AND
@AD<="20111110"

(first AND (third second
additional)) near6
(parameters values
metrics)

JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, Nz, PH, PL, PT,
RO, RS, RU, SE, §G,
Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA,CH,CN, CSs, CU,
CZ,DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, §G,
Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA,CH,CN,CS, CU,
CZ, DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, SK, 8U, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA,CH,CN,CS, CU,
CZ,DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, 8K, 8U, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,

CA,CH,CN, CS, CU,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2022/09/24
09:11 PM

2022/09/24
09:11 PM

2022/09/24
09:13 PM

2022/09/24
09:15 PM
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CZ, DD, DK, EA, EE,
ES, Fl, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
SI, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)
L10 447 8 AND 9 (US-PGPUB; USPAT; |OR ON ON 2022/09/24
USOCR; FIT (AP, AT, 09:15 PM
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ,DD, DK, EA, EE,
ES, Fl, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, Nz, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT,; IBM_TDB)

L14 4 ("20050190868" OR (US-PGPUB; USPAT) [OR ON ON 2023/01/09
"20140269269" OR 10:58 PM
"20150172216" OR
"20150326455").pn.

L15 588308 (H04L1/00,0019,20 (US-PGPUB; USPAT; [OR ON ON 2023/01/09
H04L7/00,0004 USOCR; FIT (AP, AT, 11:01 PM
H04L41/00,06,08- AU, BE, BG, BR, BY,
0806,0813-0836,085- |CA, CH, CN, CS, CU,
0859,0866-0869,50- CZ, DD, DK, EA, EE,

5016,5035,5038 ES, Fl, FR, GB, HR,
H04L43/00,04,08- HU, ID, IE, IL, IS, IT,
0817,0876-10,16 JP, KR, LT, LU, LV,
H04L47/00,10,11,12,28,[MA, MC, MD, MY, NL,
29,32).cpc. NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L16 18663680 |((broadcast$3 (US-PGPUB; USPAT; |OR ON ON 2023/01/09
disseminat$3 publish$3 |USOCR; FIT (AP, AT, 11:01 PM
provid$3 send$3 sent  [AU, BE, BG, BR, BY,
relay$3 transmit$4 CA, CH, CN, CS, CU,
forward$3 push$3 CZ,DD, DK, EA, EE,
deliver$3 dispatch$3 ES, FI, FR, GB, HR,
convey$3 HU, ID, IE, IL, IS, IT,
communicat$3 receiv$3 [JP, KR, LT, LU, LV,
obtain$3) near5 MA, MC, MD, MY, NL,

(parameters values NO, NZ, PH, PL, PT,
adjustment)) RO, RS, RU, SE, SG,
Sl, SK, SU, TH, TN, TR,
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TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L17 137696 (parameters values (US-PGPUB; USPAT; |[OR ON ON 2023/01/09
metrics) near10 USOCR; FIT (AP, AT, 11:01 PM
(performance near5 AU, BE, BG, BR, BY,
(threshold degrad$3 CA, CH, CN, CS, CU,
decreas$3 drop$4 CZ, DD, DK, EA, EE,
maximum minimum)) ES, Fl, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,

MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
S|, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L18 18808165 |(adjust$3 modif$7 (US-PGPUB; USPAT; |OR ON ON 2023/01/09

chang$3 edit$4 USOCR; FIT (AP, AT, 11:01 PM
control$4 adapt$3 AU, BE, BG, BR, BY,
regulat$3 fine-tun$3 CA, CH, CN, CS, CU,
(fine near1 tun$3) CZ, DD, DK, EA, EE,
finetun$3 alter$3 ES, FI, FR, GB, HR,
rectif$4) near5 HU, ID, IE, IL, IS, IT,
(parameters value JP, KR, LT, LU, LV,

metrics performance) MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPC;
DERWENT; IBM_TDB)

L19 66662 2AND 4 AND 5 (US-PGPUB; USPAT; |OR ON ON 2023/01/09
USOCR; FIT (AP, AT, 11:01 PM
AU, BE, BG, BR, BY,
CA,CH,CN,CS, CU,
CZ,DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,

MA, MC, MD, MY, NL,
NO, Nz, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, SK, 8U, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L20 3955 6 AND 1 (US-PGPUB; USPAT; [OR ON ON 2023/01/09
USOCR; FIT (AP, AT, 11:01 PM
AU, BE, BG, BR, BY,
CA,CH,CN,CS, CU,
CZ, DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
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L21 1142

L22 5087541

L23 453

L24 4

L25 1

7 AND
@AD<="20111110"

(first AND (third second
additional)) near6
(parameters values
metrics)

8 AND 9

("20050190868" OR
"20140269269" OR
"20150172216" OR
"20150326455").pn.

"17102099"

NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, 8K, 8U, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ,DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, §G,
Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA,CH, CN, Cs, CU,
CZ, DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA,CH,CN, CsS, CU,
CZ, DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, SK, 8U, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2023/01/09
11:01 PM

2023/01/09
11:01 PM

2023/01/09
11:01 PM

2023/01/09
11:01 PM

2023/01/09
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11:56 PM

L26 1 "10848398".pn. (US-PGPUB; USPAT) |OR ON ON 2023/01/09
11:58 PM

L27 3 ("20040143428" OR (US-PGPUB; USPAT) |OR ON ON 2023/03117
"20090245130" OR 09:47 AM
"20100316012").pn.

L28 3289962  |((detect$3 determin$3 | (US-PGPUB; USPAT; [OR ON ON 2023/04/26
identif$7 observ$3 EPO; JPO) 01:18 AM
encounter$3 recogniz$3
diagnos$3

diagnostic$6) near5
(perform$4 noise
situation fail$3))

L29 598 7 AND (US-PGPUB; USPAT) [OR ON ON 2023/04/26
@AD<="20111110" 01:20 AM

L30 384 7 AND (FIT (AP, AT, AU, BE, [OR ON ON 2023/04/26
@PD<="20111110" BG, BR, BY, CA, CH, 01:20 AM

CN, CS,CU, CZ, DD,
DK, EA, EE, ES, FI, FR,
GB, HR, HU, ID, IE, IL,
IS, IT, JP, KR, LT, LU,
LV, MA, MC, MD, MY,
NL, NO, NZ, PH, PL,
PT, RO, RS, RU, SE,
SG, 8, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;

JPO; IBM_TDB)
L31 530 28 AND 29 (US-PGPUB; USPAT) |OR ON ON 2023/04/26
01:21 AM
L32 314 28 AND 30 (FIT (AP, AT, AU, BE, |OR ON ON 2023/04/26
BG, BR, BY, CA, CH, 01:26 AM
CN, CS, CU, CZ, DD,
DK, EA, EE, ES, FI, FR,
GB, HR, HU, ID, IE, IL,
IS, IT, JP, KR, LT, LU,
LV, MA, MC, MD, MY,
NL, NO, NZ, PH, PL,
PT, RO, RS, RU, SE,
SG, Sl, 8K, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; IBM_TDB)
L33 4 ("20050025163" OR (US-PGPUB; USPAT) |OR ON ON 2023/07/24
"20090287827" OR 11:43 AM
"20110013529" OR
"20160323015").pn.
PE2E SEARCH - Search History (Interference)
Ref # Hits |search Query DBs Default Plurals British ITime Stamp
lOperator [Equivalents
N1 94901 (H04L1/0019,20 (US-PGPUB; USPAT) |OR ON ON 2022/09/24
H04L41/06,08- 10:13 PM
0806,0813-0836,085-
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0859,0866-0869,50-
5016,5035,5038
H04L43/04,08-
0817,0876-10,16).cpc.

N2 42717 ((detect$3 determin$3 | (US-PGPUB; USPAT) [OR ON ON 2022/09/24
identif$7 observ$3 10:13 PM
encounter$3 recogniz$3
diagnos$3
diagnostic$6) near5
noise).clm.

N3 232800 ((broadcast$3 (US-PGPUB; USPAT) |OR ON ON 2022/09/24
disseminat$3 publish$3 10:13 PM
provid$3 send$3 sent
relay$3 transmit$4
forward$3 push$3
deliver$3 dispatch$3
convey$3
communicat$3 receiv$3
obtain$3) near5 (policy
configuration
algorithm)).clm.

N4 133 (rhee near1 (US-PGPUB; USPAT) |OR ON ON 2022/09/24
wonjong).in. 10:14 PM

N5 73 1 AND 4 (US-PGPUB; USPAT) |OR ON ON 2022/09/24

10:14 PM

N6 1 5 AND 2 AND 3 (US-PGPUB; USPAT) |OR ON ON 2022/09/24

10:14 PM
N7 50 1 AND 2 AND 3 (US-PGPUB; USPAT) |OR ON ON 2022/09/24
10:15 PM
N8 166 assia.as. assia.aanm. |(US-PGPUB; USPAT) [OR ON ON 2022/09/24
10:16 PM
N9 1 7 AND 8 (US-PGPUB; USPAT) |OR ON ON 2022/09/24
10:16 PM
N10 3 (2 AND 3) AND (4 8) (US-PGPUB; USPAT) |OR ON ON 2022/09/24
10:17 PM

N11 185 (adaptive near1 (US-PGPUB; USPAT) |OR ON ON 2022/09/24
spectrum).as. (adaptive 10:18 PM
near1 spectrum).aanm.

N12 4 (2 AND 3) AND (4 8 11) |(US-PGPUB; USPAT) [OR ON ON 2022/09/24

10:18 PM

N13 99160 (H04L1/0019,20 (US-PGPUB; USPAT) |OR ON ON 2023/04/26
H04L41/06,08- 01:12 AM
0806,0813-0836,085-
0859,0866-0869,50-

5016,5035,5038
H04L43/04,08-
0817,0876-10,16).cpc.

N14 138 (rhee near1 (US-PGPUB; USPAT) |OR ON ON 2023/04/26
wonjong).in. 01:12 AM

N15 176 assia.as. assia.aanm. |(US-PGPUB; USPAT) [OR ON ON 2023/04/26

01:12 AM

N17 185 (adaptive near1 (US-PGPUB; USPAT) |OR ON ON 2023/04/26

spectrum).as. (adaptive 01:13 AM
07/24/2023 11:44:57 AM Page 7 of 8
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near1 spectrum).aanm.
N18 68 13 AND 14 AND (15 17) |(US-PGPUB; USPAT) |OR ON ON 2023/04/26
01:13 AM
N19 3299 ((broadcast$3 (US-PGPUB; USPAT) |OR ON ON 2023/04/26
disseminat$3 publish$3 01:16 AM
provid$3 send$3 sent
relay$3 transmit$4
forward$3 push$3
deliver$3 dispatch$3
convey$3
communicat$3 receiv$3
obtain$3) near5 (policy
configuration algorithm)
WITH
performance).cim.
N20 14 19 AND (14 15 17) (US-PGPUB; USPAT) [OR ON ON 2023/04/26
01:16 AM
N21 681155 ((detect$3 determin$3 | (US-PGPUB; USPAT) [OR ON ON 2023/04/26
identif$7 observ$3 01:18 AM
encounter$3 recogniz$3
diagnos$3
diagnostic$6) near5
(perform$4 noise
situation fail$3)).clm.
N22 109 21 AND (14 15 17) NOT | (US-PGPUB; USPAT) [OR ON ON 2023/04/26
20 01:18 AM
N23 69 13 AND 22 (US-PGPUB; USPAT) |OR ON ON 2023/04/26
01:19 AM
07/24/2023 11:44:57 AM Page 8 of 8
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Doc code: IDS PTOQ/SB/08a (01-10}

. . . " Approved for use through 07/31/2012. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERGE

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

Application Number 17102099
Filing Date P020-11-23

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor ||Nonjong Rhee

Art Unit | 2446

Examiner Name | GRIJALVA LOBOS, BORIS D
Attorney Docket Number ‘ 20145-054USC

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns, Lines where
. Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code’ of cited Document )
Figures Appear
1
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns,Lines where
e Cite No . Relevant Passages or Relevant
Initial Number Code’| Date of cited Document )
Figures Appear
1 P0160323015 A1 P016-11-03 Henry et al.
2 0110013529 A1 P011-01-20 Bin et al.
3 0090287827 A1 P009-11-19 Horn et al.
4 20050025163 A1 P005-02-03 Christie, IV

If you wish to add additional U.S. Published Application citation information please click the Add button] Add

FOREIGN PATENT DOCUMENTS Remove
Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document | Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code2j Code4| Date PP Passages or Relevant
Document )
Figures Appear

EFS Web 2.1.17
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number 17102099

Filing Date 2020-11-23

First Named Inventor |Wonjong Rhee

Art Unit ‘ 2446

Examiner Name | GRIJALVA LOBOS, BORIS D

Attorney Docket Number ‘ 20145-054USC

If you wish to add additional Foreign Patent Document citation information please click the Add button | Add

NON-PATENT LITERATURE DOCUMENTS Remove

Examiner| Cite

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item

P book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), Ts
Initials No 9 ] ymp 9 Pag

publisher, city and/or country where published.

1 Response to Chinese office action dated 1/10/2023 filed 3/16/2023, in the Chinese patent application No.
P02010074633.2, Attorney Docket No. [20145-054CND], (5 pgs).

2 [Canadian Notice of Allowance mailed 5/10/2023 in Canadian patent application No. 3,124,797, Attorney Docket No.
20145-055CAD2], (1 pg).

3 Notice of Allowance mailed 5/24/2023 in US patent application No. 15/845,977, Attomey Docket No. [20145-056USC],
23 pgs).

4 [Chinese office action mailed 4/17/2023, in the Chinese patent application No. 202010074633.2, Attommey Docket No. Y
20145-054CND], {27 pgs).

If you wish to add additional non-patent literature document citation information please click the Add button| Add

EXAMINER SIGNATURE

Examiner Signature “ IDate Considered ‘I

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

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. ® Applicant is to place a check mark here if|
English language translation is attached.

EFS Web 2.1.17
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Application Number 17102099

Filing Date 2020-11-23

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor |Wonjong Rhee

Art Unit ‘ 2446

Examiner Name | GRIJALVA LOBOS, BORIS D

Attorney Docket Number ‘ 20145-054USC

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
X from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.
SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Michael North/ Date (YYYY-MM-DD) 2023-06-13

Name/Print Michael North Registration Number |46963

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.8.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form 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.

EFS Web 2.1.17

Charter Communications, Inc.
Exhibit 1006
Page #60



Privacy Act Statement

The Privacy Act of 1974 (P_L. 33-579) 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). Recocrds from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

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. 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. 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 pregrams, 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 inspections or an issued patent.

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

Application Number:

17102099

Filing Date:

23-Nov-2020

Title of Invention:

METHOD, APPARATUS, AND SYSTEM FOR OPTIMIZING PERFORMANCE OF A
COMMUNICATION UNIT BY A REMOTE SERVER

First Named Inventor/Applicant Name:

Wonjong Rhee

Filer:

Michael V. North/Domarina Alkhas

Attorney Docket Number:

20145-054USC

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sul&-;l’;(tsa)l in
Basic Filing:
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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Description Fee Code Quantity Amount Sul:’-;l';(t:)l in
Miscellaneous:
SUBMISSION- INFORMATION DISCLOSURE STMT 1806 1 260 260
Total in USD ($) 260
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Electronic Acknowledgement Receipt

EFS ID: 48144696
Application Number: 17102099
International Application Number:
Confirmation Number: 1038

Title of Invention:

METHOD, APPARATUS, AND SYSTEM FOR OPTIMIZING PERFORMANCE OF A
COMMUNICATION UNIT BY A REMOTE SERVER

First Named Inventor/Applicant Name:

Wonjong Rhee

Customer Number:

146571

Filer:

Michael V. North/Domarina Alkhas

Filer Authorized By:

Michael V. North

Attorney Docket Number: 20145-054USC
Receipt Date: 13-JUN-2023
Filing Date: 23-NOV-2020
Time Stamp: 14:39:08

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $260

RAM confirmation Number E20236CE40057397
Deposit Account 502776

Authorized User

Domarina Alkhas

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

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

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 (Document supply fees)
37 CFR 1.20 (Post Issuance fees)
37 CFR 1.21 (Miscellaneous fees and charges)
File Listing:
Document s . File Size(Bytes Multi Pages
u Document Description File Name ile Size( y V " '. . 9
Number Message Digest | Part/.zip| (ifappl.)
27527
1 Transmittal Letter 054USC_SIDS_Trans.pdf no 3
0f606961a17e6dcc64439f7 1fdd6a93656af|
70f6.
Warnings:
Information:
91754
2 Non Patent Literature 054USC_SIDS_NPL1.pdf no 5
ac556064806bdf5021250e64fd21833cfb2 1|
Warnings:
Information:
170178
3 Non Patent Literature 054USC_SIDS_NPL2.pdf no 1
8cebecdd54525fd63ae7adbb02041b360e7]
Warnings:
Information:
2909930
4 Non Patent Literature 054USC_SIDS_NPL3.pdf no 23
eabab2e32df88101e86e61a88fb64306059)
663c3
Warnings:
Information:
724109
5 Non Patent Literature 054USC_SIDS_NPL4.pdf no 27
d9d10496ce3bes8e66cd 1cd3622ec19e31
72fff
Warnings:
Information:
612491
6 Information Disclosure Statement (IDS) 054USC_SIDS_SB08a.pdf no 4
Form (SB08)
3081d3a4675e277dff384d816dba194e510)
acféd
Warnings:
Information:
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38503

7 Fee Worksheet (SB06) fee-info.pdf no 2
bd5ffd028bf3dc3885351f86f01f8d 1e8d4b
Warnings:
Information:
Total Files Size (in bytes){ 4574492

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.

Charter Communications, Inc.

Exhibit 1006
Page #66



PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. 1 17/102,099 Confirmation No. : 1038

Inventor :  Wonjong Rhee

Filing Date ¢ 11-23-2020

Title : METHOD, APPARATUS, AND SYSTEM FOR OPTIMIZING
PERFORMANCE OF A COMMUNICATION UNIT BY A REMOTE
SERVER

Art Unit 1 2446

Examiner : GRIJALVA LOBOS, BORIS D

Docket No. : 20145-054USC

Customer No. 146571

CERTIFICATE OF MAILING (37 CFR §1.8)
I hereby certify, pursuant to 37 CEFR §1.8, that this correspondence is being electronically transmitted via EFS-Web
addressed to Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450, on the date shown below:

Date:  June 13, 2023 By: /Domarina Alkhas/
Domarina Alkhas

INFORMATION DISCLOSURE STATEMENT

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

Dear Examiner Grijalva Lobos:

Filed herewith, in accordance with the provisions of 37 CFR §§ 1.56 and 1.97-1.98, listing
various references for consideration by the Examiner, is an Information Disclosure Statement

(“IDS™).

The filing of this IDS shall not be construed as a representation that a search has been
made, or regarding the completeness of the list of references, or that no other material information
exists. Furthermore, the filing of this IDS shall not be construed as a representation that inclusion
of a reference in this list is an admission that it is prior art or is pertinent to this application, or as
an admission that the information listed is, or may be considered to be, material to the patentability
of the above referenced application. The filing of this IDS shall not be construed in any manner as

an admission against interest.
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PATENT

This IDS is being filed:

]

I

within three months of the filing date of a national application, other than a
continued prosecution application under § 1.53(d);

within three months of the date of entry of the national stage as set forth in § 1.491
in an international application;

before the mailing of a first Office Action on the merits;

before the mailing of a first Office Action after the filing of a request for continued
examination under § 1.114;

after three months of the filing date or entry into the national stage or after the
mailing of a first Office action on the merits, but before the mailing date of any
final action under § 1.113, a notice of allowance under §1.311, or an action that
otherwise closes prosecution in the application;

AND
] enclosed herein is the fee set forth in 37 CFR § 1.17(p);
OR
] Applicant certifies pursuant to 37 CFR § 1.97(e):

] That each item of information contained in the information
disclosure statement was first 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 disclosure statement;

OR

] That no item of information contained in this information
disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application,
and, to the knowledge of the person signing this certification
after making reasonable inquiry, no item of information
contained in the information disclosure statement was
known to any individual designated in § 1.56(c) more than
three months prior to the filing of this information disclosure
statement.

on or before the payment of the issue fee but after the mailing of a final action under
§ 1.113, a notice of allowance under §1.311, or an action that otherwise closes
prosecution in the application;

AND

X enclosed herein is the fee set forth in 37 CFR § 1.17(p);
AND

X Applicant certifies pursuant to 37 CFR § 1.97(e):
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OR

PATENT

That each item of information contained in the information
disclosure statement was first 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 disclosure statement;

That no item of information contained in this information
disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application,
and, to the knowledge of the person signing this certification
after making reasonable inquiry, no item of information
contained in the information disclosure statement was
known to any individual designated in § 1.56(c) more than
three months prior to the filing of this information disclosure
statement.

] Applicant submits that the enclosed Information Disclosure Statement is timely;
therefore, no fee is required.

X Except as provided for under 37 CFR § 1.98(a)(2), Applicant has enclosed a copy
of each listed reference.

] Pursuant to 37 CFR § 1.704(d), Applicant certifies that each of the references cited
herein were first cited in a communication from a foreign patent office in a
counterpart application and that this communication was not received by any
individual designated in 37 CFR § 1.56(c) more than thirty days prior to the filing
of this Information Disclosure Statement.

Consideration of the listed references and favorable action are requested. If any additional

fees are due in connection with the filing of this Information Disclosure Statement, the

Commissioner is hereby authorized to charge such fees to Deposit Account 50-2776.

Date:

June 13, 2023

Respectfully submitted,

By:  /Michael V. North/
Michael V. North

Reg. No. 46,963
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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.USPLO.gOV

NOTICE OF ALLOWANCE AND FEE(S) DUE

146571 7590 05/02/2023 | EXAMINER |
North Weber & Baugh LLP - ASSIA GRUALVA LOBOS, BORIS D
2251 Grant Road, Suite H
Los Altos. CA 94024 | ART UNIT PAPER NUMBER |

2446

DATE MAILED: 05/02/2023

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

17/102,099 11/23/2020 ‘Wonjong Rhee 20145-054USC 1038

TITLE OF INVENTION: METHOD, APPARATUS, AND SYSTEM FOR OPTIMIZING PERFORMANCE OF A COMMUNICATION UNIT BY A REMOTE
SERVER

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

nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 08/02/2023

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO 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 ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 40% the amount of undiscounted fees, and micro entity fees are 20% the amount of
undiscounted fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed. 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: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at
www.uspto.gov/PatentMaintenanceFees.
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to: (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

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 will be mailed to the current correspondence address as indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new
correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications. Because electronic patent issuance may occur shortly after issue
fee payment, any desired continuing application should preferably be filed prior to payment of this issue fee in order not to jeopardize copendency.
Note: A certificate of mailing can only be used for domestic mailings of the
CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Fee(s) Transmittal. This certificate 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.

146571 7590 05/02/2023 Certificate of Mailing or Transmission
North Weber & Baugh LLP - ASSIA 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
2251 Grant Road, Suite H addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Los Altos, CA 94024 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
(Typed or printed name)
(Signature)
(Date)
| APPLICATION NO. I FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
17/102,099 11/23/2020 Wonjong Rhee 20145-054USC 1038
TITLE OF INVENTION: METHOD, APPARATUS, AND SYSTEM FOR OPTIMIZING PERFORMANCE OF A COMMUNICATION UNIT BY A REMOTE
SERVER
| APPLN. TYPE I ENTITY STATUS I ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE I TOTAL FEE(S) DUE I DATE DUE |
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 08/02/2023

| EXAMINER | ART UNIT | CLASS-SUBCLASS |
GRIJALVA LOBOS, BORIS D 2446 709-224000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

| Change of correspondence address (or Change of Correspondence

Address form PTO/AIA/122 or PTO/SB/122) atfached. (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

[\

[ "Fee Address" indication (or "Fee Address" Indication form PTO/
AIA/47 or PTO/SB/47; Rev 03-02 or more recent) attached. Use of a
Customer Number is required.

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

w

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). 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) : [ Individuat (1 Corporation or other private group entity [ Government

4a. Fees submitted: [Jissue Fee [_IPublication Fee (if required)
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

[ Electronic Payment via Patent Center or EFS-Web [ Enclosed check (I Non-electronic payment by credit card (Attach form PTO-2038)

[ The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

a Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue

fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

. . . NOTE: If the application was previously under micro entity status, checking this box will be taken
4 Applicant asserting small entity status. See 37 CFR 1.27 to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

1 Applicant changing to regular undiscounted fee status. entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 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.USPLO.gOV

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
17/102,099 11/23/2020 Wonjong Rhee 20145-054USC 1038
| EXAMINER |
146571 7590 05/02/2023
North Weber & Baugh LLP - ASSIA GRUALVA LOBOS, BORIS D
2251 Grant Road, Suite H -
Los Altos, CA 94024 | ARTONIT PAPERNUMBER |
2446

DATE MAILED: 05/02/2023

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

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B 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 30 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, 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.

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. 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. 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. Arecord 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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Application No. Applicant(s)
. . 17/102,099 Rhee, Wonjong
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
BORIS D GRIJALVA LOBOS 2446 No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondernce 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.} This communication is responsive to communications filed on 4/13/2023.

[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

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

3.} The allowed claim(s) is/are 1-23 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

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

Certified copies:
a) LJAI b) (J Some* ¢) [J None of the:
1. [J Certified copies of the priority documents have been received.
2. [J 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 result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5.[] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

{3 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).

6.0 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)

1.00 Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2.7 Information Disclosure Statements (PTO/SB/08), 6. ¥} Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3.0 Examiner's Comment Regarding Requirement for Deposit 7. ¥} Other PTO-2323.

of Biological Material .
4.0 Interview Summary (PTO-413),
Paper No./Mail Date.

/BORIS D GRIJALVA LOBOS/
Primary Patent Examiner, Art Unit 2446

U.S. Patent and Trademark Office ]
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20230426
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Application/Control Number: 17/102,099 Page 2
Art Unit: 2446

DETAILED ACTION
Notice of Pre-AlA or AlA Status
The present application is being examined under the pre-AlA first to invent provisions.
Response to Amendment

This action is in response to communications filed on 4/13/2023.

Claims 1-18 have been amended. The amendments have been fully considered.

Claims 1-23 are pending.

Allowable Subject Matter
Claims 1-23 are allowed.
REASONS FOR ALLOWANCE
No reason for allowance is necessary as the record is clear. See MPEP 1302.14(l).
Conclusion

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.”

Any inquiry concerning this communication or earlier communications from the examiner
should be directed to BORIS D GRIJALVA LOBOS whose telephone number is (571)272-0767. The
examiner can normally be reached M-F 10:30AM to 6:30PM EST.

Examiner interviews are available via telephone, in-person, and video conferencing using a
USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use
the USPTO Automated Interview Request (AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor,
Brian Gillis can be reached on 571-272-7952. The fax phone number for the organization where this

application or proceeding is assigned is 571-273-8300.

Charter Communications, Inc.
Exhibit 1006
Page #75



Application/Control Number: 17/102,099 Page 3
Art Unit: 2446

Information regarding the status of published or unpublished applications may be obtained from
Patent Center. Unpublished application information in Patent Center is available to registered users. To
file and manage patent submissions in Patent Center, visit: https://patentcenter.uspto.gov. Visit
https://www.uspto.gov/patents/apply/patent-center for more information about Patent Center and
https://www.uspto.gov/patents/docx for information about filing in DOCX format. For additional
questions, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would like
assistance from a USPTO Customer Service Representative, call 800-786-9199 (IN USA OR CANADA) or

571-272-1000.

/BORIS D GRIJALVA LOBOS/
Primary Patent Examiner, Art Unit 2446
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Application No. Applicant(s)

17/102,099 ;
AFCP 2,0 Rhee, Wonjong

DeCiSiOH Examiner Art Unit AIA (FITF) Status

BORIS D GRIJALVA LOBOS 2446 No

This is in response to the After Final Consideration Pilot request filed 13 April 2023.

1. Improper Request — The AFCP 2.0 request is improper for the following reason(s) and the after final amendment submitted with
the request will be treated under pre-pilot procedure.

(3 An AFCP 2.0 request form PTO/SB/434 (or equivalent document) was not submitted.
Oa non-broadening amendment to at least one independent claim was not submitted.

(3 The request is not the first proper AFCP 2.0 request submitted in response to the most recent final
rejection.

O Other:

2. Proper Request

A. After final amendment submitted with the request will not be treated under AFCP 2.0.
The after final amendment cannot be reviewed and a search conducted within the guidelines of the pilot program.

3 The after final amendment will be treated under pre-pilot procedure.

B. Updated search and/or completed additional consideration.
The examiner performed an updated search and/or completed additional consideration of the after final amendment
within the time authorized for the pilot program. The result(s) of the updated search and/or completed additional
consideration are:

1. All of the rejections in the most recent final Office action are overcome and a Notice of Allowance is
issued herewith.

(3 2. The after final amendment would not overcome all of the rejections in the most recent final Office action
. See attached interview summary for further details.

(3 3. The after final amendment was reviewed, and it raises a new issue(s). See attached interview summary
for further details.

(3 4. The after final amendment raises new issues, but would overcome all of the rejections in the most recent
final Office action. A decision on determining allowability could not be made within the guidelines of the
pilot. See attached interview summary for further details, including any newly discovered prior art.

(5. Other:

Examiner Note: Please attach an interview summary when necessary as described above.

U.S.Patent and Trademark Office

PTOL-2323 (Rev. 10-14) AFCP 2.0 Decision Part of Paper No. 20230426
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Application/Control No.
Search Nofes 171102,099

Applicant(s)/Patent Under Reexamination

Rhee, Wonjong

BORIS D GRIJALVA LOBOS 2446
CPC - Searched*
Symbol Date Examiner
H04L1/00,0019,20 H04L7/00,0004 H04L41/00,06,08-0806,0813- BGL
0836,085-0859,0866-0869,50-5016,5035,5038 H04L43/00,04,08- 06/19/2021
0817,0876-10,16 H04L47/00,10,11,12,28,29,32
H04L1/00,0019,20 H04L7/00,0004 H04L41/00,06,08-0806,0813- BGL
0836,085-0859,0866-0869,50-5016,5035,5038 H04L43/00,04,08- 10/09/2021
0817,0876-10,16 H04L47/00,10,11,12,28,29,32
H04L1/00,0019,20 H04L7/00,0004 H04L41/00,06,08-0806,0813- BGL
0836,085-0859,0866-0869,50-5016,5035,5038 H04L43/00,04,08- 09/24/2022
0817,0876-10,16 H04L47/00,10,11,12,28,29,32
H04L1/00,0019,20 H04L7/00,0004 H04L41/00,06,08-0806,0813- BGL
0836,085-0859,0866-0869,50-5016,5035,5038 H04L43/00,04,08- 01/09/2023
0817,0876-10,16 H04L47/00,10,11,12,28,29,32
H04L1/00,0019,20 H04L7/00,0004 H04L41/00,06,08-0806,0813- BGL
0836,085-0859,0866-0869,50-5016,5035,5038 H04L43/00,04,08- 04/26/2023
0817,0876-10,16 H04L47/00,10,11,12,28,29,32
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of

the search.

Search Notes

Search Notes

Date

Examiner

EAST Inventor Name Search Performed (see attached search notes)

06/19/2021

BGL

/BORIS D GRIJALVA LOBOS/
Primary Patent Examiner, Art Unit 2446

U.S. Patent and Trademark Office
Page 1 of 3
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Application/Control No.

Applicant(s)/Patent Under Reexamination

Search Notes 17/102,099 Rhoe, Wonjorng
H“HHH“ HH““ ‘ “m“ o e
BORIS D GRIJALVA LOBOS 2446

)EAST Assignee Name Search Performed (see attached search notes 06/19/2021 BGL
E&Src-:rh-rr?éte I;i)mited Classification Search Performed (see attached 06/19/2021 BGL
EAST Text Search Performed (see attached search notes) 06/19/2021 BGL
GOOGLE search performed (see attached) 06/19/2021 BGL
GOOGLE Patent search performed (see attached) 06/19/2021 BGL
gg:ritheaisEtﬁrsy-; Inventor and Assignee Name Search (see attached 10/09/2021 BGL
_Up_dated EAST Text Limited search of a_II CPC classes/subclasses 10/09/2021 BGL
indicated above (see attached search history)

Updated EAST Text Search (see attached search history) 10/09/2021 BGL
GOOGLE and GOOGLE Patent search performed (see attached) 10/09/2021 BGL
PEZ2E Inventor Name Search Performed (see attached search notes) | 09/24/2022 BGL
;:’EZE Assignee Name Search Performed (see attached search notes 09/24/2022 BGL
E(EaerhTr%tteléi)mited Classification Search Performed (see attached 09/24/2022 BGL
PE2E Text Search Performed (see attached search notes) 09/24/2022 BGL
GOOGLE search performed (see attached) 09/24/2022 BGL
GOOGLE Patent search performed (see attached) 09/24/2022 BGL
Updated PE2E Inventor Name Search (see attached search notes) 01/09/2023 BGL
;Jg:ritheﬂoljeESZ)E Text Limited Classification Search (see attached 01/09/2023 BGL
Updated PE2E Text Search (see attached search notes) 01/09/2023 BGL
GOOGLE search performed (see attached) 01/09/2023 BGL
Updated PE2E Inventor and Assignee Search, PE2E Text Limited BGL
Classification Search, and PE2E Text Search (see attached search 04/26/2023

notes)

GOOGLE search performed (see attached) 04/26/2023 BGL
GOOGLE Patent Search Performed (see attached) 04/26/2023 BGL
IP.COM Search Performed (see attached) 04/26/2023 BGL

/BORIS D GRIJALVA LOBOS/
Primary Patent Examiner, Art Unit 2446

U.S. Patent and Trademark Office
Page 2 of 3
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Application/Control No.

Search Notes 17/102,099

Applicant(s)/Patent Under Reexamination

Rhee, Wonjong

BORIS D GRIJALVA LOBOS 2446
Interference Search
US Class/CPC US Subclass/CPC Group Date Examiner
Symbol
HO4L 1/0019,20; 41/06,08-0806,0813-0836,085-
0859,0866-0869,50-5016,5035,5038; 43/04,08- 06/18/2021 BGL
0817,0876-10,16
HO4L 1/0019,20; 41/06,08-0806,0813-0836,085-
0859,0866-0869,50-5016,5035,5038; 43/04,08- 10/09/2021 BGL
0817,0876-10,16
HO4L 1/0019,20; 41/06,08-0806,0813-0836,085-
0859,0866-0869,50-5016,5035,5038; 43/04,08- 09/24/2022 BGL
0817,0876-10,16
HO4L 1/0019,20; 41/06,08-0806,0813-0836,085-
0859,0866-0869,50-5016,5035,5038; 43/04,08- 01/09/2023 BGL
0817,0876-10,16
HO4L 1/0019,20; 41/06,08-0806,0813-0836,085-
0859,0866-0869,50-5016,5035,5038; 43/04,08- 04/26/2023 BGL
0817,0876-10,16

/BORIS D GRIJALVA LOBOS/
Primary Patent Examiner, Art Unit 2446

U.S. Patent and Trademark Office

Page 3 of 3
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Application/Control No.

Applicant(s)/Patent Under Reexamination

Index of Claims | 17/102.099 Rhee, Wonjong
H““H“““ H“ ““‘“ ““ ““ o "
BORIS D GRIJALVA LOBOS 2446
v Rejected - | Cancelled N | Non-Elected Appeal
= Allowed + | Restricted | | Interference O | Objected
CLAIMS
Claims renumbered in the same order as presented by applicant (O CcPA O TD. J R1.47
CLAIM DATE
Final Original | 06/19/2021 | 10/09/2021 | 09/23/2022 | 01/09/2023 | 04/26/2023
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US ORIGINAL CLASSIFICATION
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CROSS REFERENCES(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)

NONE
Total Claims Allowed:
(Assistant Examiner) (Date) 23
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification |7/10.099 Rhee, Wonjong

H “‘ “““ Examiner Art Unit
BORIS D GRIJALVA LOBOS 2446

Claims renumbered in the same order as presented by applicant (J CPA (J T.D. [ R.1.47
CLAIMS

Final |Original|Final |Original|Final |Original|Final |Original|Final OriginallFinaI OriginallFinaI Original|Final |Original

1 10 19

2 11 20

3 12 21

4 13 22

5 14 23

6 15

7 16

8 17

9 18
NONE

Total Claims Allowed:

(Assistant Examiner) (Date) 23
/BORIS D GRIJALVA LOBOS/ 26 April 2023 . ) o
Primary Patent Examiner, Art Unit 2446 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 2
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PE2E SEARCH - Search History (Prior Art)

Ref # Hits |search Query DBs Default Plurals British Time Stamp
Operator [Equivalents

L1 564700 (H04L1/00,0019,20 (US-PGPUB; USPAT; [OR ON ON 2022/09/24
HO04L7/00,0004 USOCR; FIT (AP, AT, 01:26 AM
H04L41/00,06,08- AU, BE, BG, BR, BY,
0806,0813-0836,085- CA, CH, CN, CS, CU,
0859,0866-0869,50- CZ, DD, DK, EA, EE,

5016,5035,5038 ES, FI, FR, GB, HR,
H04L43/00,04,08- HU, ID, IE, IL, IS, IT,
0817,0876-10,16 JP, KR, LT, LU, LV,
H04L47/00,10,11,12,28,|MA, MC, MD, MY, NL,
29,32).cpc. NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
S|, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L2 18005156 |((broadcast$3 (US-PGPUB; USPAT; [OR ON ON 2022/09/24
disseminat$3 publish$3 |USOCR; FIT (AP, AT, 09:06 PM
provid$3 send$3 sent  [AU, BE, BG, BR, BY,
relay$3 transmit$4 CA,CH, CN, CS, CU,
forward$3 push$3 CZ, DD, DK, EA, EE,
deliver$3 dispatch$3 ES, FI, FR, GB, HR,
convey$3 HU, ID, IE, IL, IS, IT,
communicat$3 receiv$3 [JP, KR, LT, LU, LV,
obtain$3) near5 MA, MC, MD, MY, NL,

(parameters values NO, NZ, PH, PL, PT,

adjustmenty) RO, RS, RU, SE, SG,
SI, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L4 131963 (parameters values (US-PGPUB; USPAT; |OR ON ON 2022/09/24
metrics) near10 USOCR; FIT (AP, AT, 09:08 PM
(performance near5 AU, BE, BG, BR, BY,

(threshold degrad$3 CA,CH, CN, CS, CU,

decreas$3 drop$4 CZ, DD, DK, EA, EE,

maximum minimum)) ES, Fl, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
SI, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L5 18193986 |(adjust$3 modif$7 (US-PGPUB; USPAT; |OR ON ON 2022/09/24
chang$3 edit$4 USOCR; FIT (AP, AT, 09:10 PM
control$4 adapt$3 AU, BE, BG, BR, BY,
regulat$3 fine-tun$3 CA, CH, CN, CS, CU,

(fine near1 tun$3) CZ, DD, DK, EA, EE,

finetun$3 alter$3 ES, FI, FR, GB, HR,

rectif$4) near5 HU, ID, IE, IL, IS, IT,
04/26/2023 01:30:56 AM Page 1 of 8
Workspace: 17102099 BG
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L6 63720

L7 3815

L8 1131

L9 4863868

(parameters value
metrics performance)

2 AND 4 AND 5

6 AND 1

7 AND
@AD<="20111110"

(first AND (third second
additional)) near6
(parameters values
metrics)

JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, Nz, PH, PL, PT,
RO, RS, RU, SE, §G,
Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA,CH,CN, CSs, CU,
CZ,DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, §G,
Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA,CH,CN,CS, CU,
CZ, DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, SK, 8U, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA,CH,CN,CS, CU,
CZ,DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, 8K, 8U, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,

CA,CH,CN, CS, CU,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2022/09/24
09:11 PM

2022/09/24
09:11 PM

2022/09/24
09:13 PM

2022/09/24
09:15 PM

04/26/2023 01:30:56 AM
Workspace: 17102099

Page 2 of 8
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CZ, DD, DK, EA, EE,
ES, Fl, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
SI, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)
L10 447 8 AND 9 (US-PGPUB; USPAT; |OR ON ON 2022/09/24
USOCR; FIT (AP, AT, 09:15 PM
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ,DD, DK, EA, EE,
ES, Fl, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, Nz, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT,; IBM_TDB)

L14 4 ("20050190868" OR (US-PGPUB; USPAT) [OR ON ON 2023/01/09
"20140269269" OR 10:58 PM
"20150172216" OR
"20150326455").pn.

L15 588308 (H04L1/00,0019,20 (US-PGPUB; USPAT; [OR ON ON 2023/01/09
H04L7/00,0004 USOCR; FIT (AP, AT, 11:01 PM
H04L41/00,06,08- AU, BE, BG, BR, BY,
0806,0813-0836,085- |CA, CH, CN, CS, CU,
0859,0866-0869,50- CZ, DD, DK, EA, EE,

5016,5035,5038 ES, Fl, FR, GB, HR,
H04L43/00,04,08- HU, ID, IE, IL, IS, IT,
0817,0876-10,16 JP, KR, LT, LU, LV,
H04L47/00,10,11,12,28,[MA, MC, MD, MY, NL,
29,32).cpc. NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L16 18663680 |((broadcast$3 (US-PGPUB; USPAT; |OR ON ON 2023/01/09
disseminat$3 publish$3 |USOCR; FIT (AP, AT, 11:01 PM
provid$3 send$3 sent  [AU, BE, BG, BR, BY,
relay$3 transmit$4 CA, CH, CN, CS, CU,
forward$3 push$3 CZ,DD, DK, EA, EE,
deliver$3 dispatch$3 ES, FI, FR, GB, HR,
convey$3 HU, ID, IE, IL, IS, IT,
communicat$3 receiv$3 [JP, KR, LT, LU, LV,
obtain$3) near5 MA, MC, MD, MY, NL,

(parameters values NO, NZ, PH, PL, PT,
adjustment)) RO, RS, RU, SE, SG,
Sl, SK, SU, TH, TN, TR,
04/26/2023 01:30:56 AM Page 3 of 8

Workspace: 17102099
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TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L17 137696 (parameters values (US-PGPUB; USPAT; |[OR ON ON 2023/01/09
metrics) near10 USOCR; FIT (AP, AT, 11:01 PM
(performance near5 AU, BE, BG, BR, BY,
(threshold degrad$3 CA, CH, CN, CS, CU,
decreas$3 drop$4 CZ, DD, DK, EA, EE,
maximum minimum)) ES, Fl, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,

MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
S|, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L18 18808165 |(adjust$3 modif$7 (US-PGPUB; USPAT; |OR ON ON 2023/01/09

chang$3 edit$4 USOCR; FIT (AP, AT, 11:01 PM
control$4 adapt$3 AU, BE, BG, BR, BY,
regulat$3 fine-tun$3 CA, CH, CN, CS, CU,
(fine near1 tun$3) CZ, DD, DK, EA, EE,
finetun$3 alter$3 ES, FI, FR, GB, HR,
rectif$4) near5 HU, ID, IE, IL, IS, IT,
(parameters value JP, KR, LT, LU, LV,

metrics performance) MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPC;
DERWENT; IBM_TDB)

L19 66662 2AND 4 AND 5 (US-PGPUB; USPAT; |OR ON ON 2023/01/09
USOCR; FIT (AP, AT, 11:01 PM
AU, BE, BG, BR, BY,
CA,CH,CN,CS, CU,
CZ,DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,

MA, MC, MD, MY, NL,
NO, Nz, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, SK, 8U, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L20 3955 6 AND 1 (US-PGPUB; USPAT; [OR ON ON 2023/01/09
USOCR; FIT (AP, AT, 11:01 PM
AU, BE, BG, BR, BY,
CA,CH,CN,CS, CU,
CZ, DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
04/26/2023 01:30:56 AM Page 4 of 8
Workspace: 17102099 BG
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L21 1142

L22 5087541

L23 453

L24 4

L25 1

7 AND
@AD<="20111110"

(first AND (third second
additional)) near6
(parameters values
metrics)

8 AND 9

("20050190868" OR
"20140269269" OR
"20150172216" OR
"20150326455").pn.

"17102099"

NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, 8K, 8U, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ,DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, §G,
Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA,CH, CN, Cs, CU,
CZ, DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA,CH,CN, CsS, CU,
CZ, DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, SK, 8U, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2023/01/09
11:01 PM

2023/01/09
11:01 PM

2023/01/09
11:01 PM

2023/01/09
11:01 PM

2023/01/09

04/26/2023 01:30:56 AM
Workspace: 17102099
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11:56 PM

L26 1 "10848398".pn. (US-PGPUB; USPAT) |OR ON ON 2023/01/09

11:58 PM

L27 3 ("20040143428" OR (US-PGPUB; USPAT) |OR ON ON 2023/03117
"20090245130" OR 09:47 AM
"20100316012").pn.

L28 3289962  |((detect$3 determin$3 | (US-PGPUB; USPAT; [OR ON ON 2023/04/26
identif$7 observ$3 EPO; JPO) 01:18 AM
encounter$3 recogniz$3
diagnos$3
diagnostic$6) near5
(perform$4 noise
situation fail$3))

L29 598 7 AND (US-PGPUB; USPAT) |OR ON ON 2023/04/26
@AD<="20111110" 01:20 AM

L30 384 7 AND (FIT (AP, AT, AU, BE, |OR ON ON 2023/04/26
@PD<="20111110" BG, BR, BY, CA, CH, 01:20 AM

CN, CS, CU, CZ, DD,
DK, EA, EE, ES, FI, FR,
GB, HR, HU, ID, IE, IL,
IS, IT, JP, KR, LT, LU,
LV, MA, MC, MD, MY,
NL, NO, NZ, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; IBM_TDB)
L31 530 28 AND 29 (US-PGPUB; USPAT) |OR ON ON 2023/04/26
01:21 AM
L32 314 28 AND 30 (FIT (AP, AT, AU, BE, |OR ON ON 2023/04/26
BG, BR, BY, CA, CH, 01:26 AM
CN, CS, CU, CZ, DD,
DK, EA, EE, ES, FI, FR,
GB, HR, HU, ID, IE, IL,
IS, IT, JP, KR, LT, LU,
LV, MA, MC, MD, MY,
NL, NO, NZ, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; IBM_TDB)
PE2E SEARCH - Search History (Interference)
Ref # Hits |search Query DBs Default Plurals ritish Time Stamp
Operator uivalents

N1 94901 (H04L1/0019,20 (US-PGPUB; USPAT) |OR ON ON 2022/09/24
H04L41/06,08- 10:13 PM
0806,0813-0836,085-
0859,0866-0869,50-

5016,5035,5038
HO04L43/04,08-
0817,0876-10,16).cpc.
04/26/2023 01:30:56 AM Page 6 of 8
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N2 42717 ((detect$3 determin$3 [(US-PGPUB; USPAT) |OR ON ON 2022/09/24
identif$7 observ$3 10:13 PM
encounter$3 recogniz$3
diagnos$3
diagnostic$6) near5
noise).clm.

N3 232800 ((broadcast$3 (US-PGPUB; USPAT) |OR ON ON 2022/09/24
disseminat$3 publish$3 10:13 PM
provid$3 send$3 sent
relay$3 transmit$4
forward$3 push$3
deliver$3 dispatch$3
convey$3
communicat$3 receiv$3
obtain$3) near5 (policy
configuration
algorithm)).clm.

N4 133 (rhee near1 (US-PGPUB; USPAT) |OR ON ON 2022/09/24
wonjong).in. 10:14 PM

N5 73 1 AND 4 (US-PGPUB; USPAT) |OR ON ON 2022/09/24

10:14 PM

N6 1 5 AND 2 AND 3 (US-PGPUB; USPAT) |OR ON ON 2022/09/24

10:14 PM
N7 50 1 AND 2 AND 3 (US-PGPUB; USPAT) |OR ON ON 2022/09/24
10:15 PM
N8 166 assia.as. assia.aanm. [(US-PGPUB; USPAT) |OR ON ON 2022/09/24
10:16 PM
N9 1 7 AND 8 (US-PGPUB; USPAT) |OR ON ON 2022/09/24
10:16 PM
N10 3 (2 AND 3) AND (4 8) (US-PGPUB; USPAT) |OR ON ON 2022/09/24
10:17 PM

N11 185 (adaptive near1 (US-PGPUB; USPAT) |OR ON ON 2022/09/24
spectrum).as. (adaptive 10:18 PM
near1 spectrum).aanm.

N12 4 (2 AND 3) AND (4 8 11) |(US-PGPUB; USPAT) [OR ON ON 2022/09/24

10:18 PM

N13 99160 (H04L1/0019,20 (US-PGPUB; USPAT) |OR ON ON 2023/04/26
H04L41/06,08- 01:12 AM
0806,0813-0836,085-
0859,0866-0869,50-

5016,5035,5038
H04L43/04,08-
0817,0876-10,16).cpc.

N14 138 (rhee near1 (US-PGPUB; USPAT) |OR ON ON 2023/04/26
wonjong).in. 01:12 AM

N15 176 assia.as. assia.aanm. |(US-PGPUB; USPAT) [OR ON ON 2023/04/26

01:12 AM

N17 185 (adaptive near1 (US-PGPUB; USPAT) |OR ON ON 2023/04/26
spectrum).as. (adaptive 01:13 AM
near1 spectrum).aanm.

N18 68 13 AND 14 AND (15 17)|(US-PGPUB; USPAT) [OR ON ON 2023/04/26

01:13 AM

N19 3299 ((broadcast$3 (US-PGPUB; USPAT) |OR ON ON 2023/04/26
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disseminat$3 publish$3 01:16 AM

provid$3 send$3 sent

relay$3 transmit$4

forward$3 push$3

deliver$3 dispatch$3

convey$3

communicat$3 receiv$3

obtain$3) near5 (policy

configuration algorithm)

WITH

performance).cim.
N20 14 19 AND (1415 17) (US-PGPUB; USPAT) |OR ON ON 2023/04/26

01:16 AM

N21 681155 ((detect$3 determin$3  [(US-PGPUB; USPAT) |OR ON ON 2023/04/26

identif$7 observ$3 01:18 AM

encounter$3 recogniz$3

diagnos$3

diagnostic$6) near5

(perform$4 noise

situation fail$3)).clm.
N22 109 21 AND (14 15 17) NOT | (US-PGPUB; USPAT) |OR ON ON 2023/04/26

20 01:18 AM
N23 69 13 AND 22 (US-PGPUB; USPAT) [OR ON ON 2023/04/26

01:19 AM
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update policy it response o performance change X §

< Al News | images | Videos ' iMore

Before Apr 25,2023 ~  Any Pstent Office ~  Anyfiling status ~  Anypatenttype ~  Sorted by relevance »  Clear

www.google com/patents/US7839780

Dynamie traffic rearrangement to enforce policy changes in ..,
Grant - Filed Mar 30, 2008 - issusd Nov 23, 2010 - Naraysnan Natarajan - Telcordiz
Technologies, inc

The s

. 2 aanienene |
and rearanages LAY

§
Wt the laltey performs the spaady; L.

ahaw formad by the

Overview - Related - Discuss

www.google.com/patents/US625540

Closed loop performance managemannt for service delivery systems
Grant - Filed Aug 20, 2013 - issued Apr 18, 2017 - Vixin Dizo - international Business

@ this feedback mechanizm and sontinal data i the controter

Overview - Related - Discuss

www.google.com/patents/UST8099086

Davice for performance tuning in a system
Filed May 28, 2004 - Issued Oct 5, 2010 - Yo
a8 whare i & cod by o

verview - Related - Disouss

{3

www.google.com/patents/US20080222642

Dynamiec resource profiles for clusterware-managad resources
App. - Filed Mar 8, 2007 - Published Sep 11, 2008 - Saral B. Kekarle - Oracle
international Corporation

Achy oy

TORPANSD 1T

Overview - Relaled - Disouss

www google.com/patents/US201 40122706

Mathod for determining system topology graph changesina ...
App. - Fited Oct 185, 2013 - Published May 1, 2014 - Andreas Boarnar - intemationsl
Business Machines Corporation

The paviow

Bh 10 pravent sosuenee of §

§ W

Overvisw - Related - Discuss

www.google.com/patents/US8140589

Autonomic updatiﬁg of tempiates in a content managemeani system
Grant - Filed Mar 28, 2007 - issued Mar 20, 201 2 - John Edward Peir] - internationat
Business Machines Corporation

www.google.com/palents/US20120257493

Policy and charging rules function {porf) and performance ..
App. - Filed Dec 19, 2011 - Published Got 11, 2012 - Amnit H, Chafterjes - Chatterjes
Amit H
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insurance policy renewal method and system
Grant - Filed Aug 25, 2000 - issued Oct 2, 2007 - Mark M. Benson - Wesiport insurance
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Examiner:

Wonjong Rhee Grijalva Lobeos, Boris D.
Application No.: 17/102,099 Art Group: 2446

Filed: November 23, 2020 Confirmation No.: 1038
For: METHOD, APPARATUS, AND SYSTEM FOR Docket No.: 20145-054USC
OPTIMIZING PERFORMANCE OF A COMMUNICATION

UNIT BY A REMOTE SERVER

CERTIFICATE OF MAILING (37 CFR §1.8)
I hereby certify, pursuant to 37 CFR §1.8, that this correspondence is being electronically
transmitted to the United States Patent and Trademark Office via EFS-Web addressed to: Mail
Stop AF, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450, on the date
shown below:

Dated: April 13,2023 By: /Domarina Alkhas/
Domarina Alkhas

Mail Stop AF
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

REQUEST FOR CONSIDERATION UNDER AFCP 2.0 IN RESPONSE TO FINAL
OFFICE ACTION

Examiner Grijalva Lobos:

Applicant hereby files this Response under the AFCP 2.0 program and respectfully
requests further examination and reconsideration in view of the amendments and remarks set
forth below.

Amendments to the Claims are reflected in the Listing of Claims which begins on page
2 of this paper.

Remarks/Arguments begin on page 7 of this paper.

OR TC ENTER: /B.D.G/

04/26/2023
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update muttipte network policies performance degradation N § Ry

< Al News - Videos - imsges | I More ook

Before Apr 25,2023 ~  Any Pstent Office ~  Anyfiling status ~  Anypatenttype ~  Sorted by relevance »  Clear

wwaw.google.com/patents/USGH38596

Method and system in a network for decreasing performance ..
Grant - Filed May 23, 1997 - issued Mar 14, 2000 - Wayne Ross Baldwin - international
Business Machines Corporation

- .
B § By preventing

WWW.google.com/patents/US20030126254
Network performance monitoring

App. - Filed Nov 26, 2007 - Published Ju! 3, 2003 - Robert Cruickshank - Cruickshanic
Robert £

www.google.com/patents/USB483093
Energy efficient network forwarding based on performance and ...
Filed Jun 30, 2009 - Issued Jul 8, 2013 - Ren Wang - Intel Corporation

- e, 10

Gran

Ag ghown, higher tan resuils in party adation, -

N §

Qvarview - Related - Discuss

swww.google. com/patents/US20130522265

Systeny and method for monitoring and optimizing network .
App. - Filed Aug 8, 2013 - Published Dec §, 2013 - Steven E. Kozisek - Centurylink
intal

Overview - Relaled - Disouss

www google.com/patents/WO2016079721A12¢l=en

Passive performance measurament for inline service chaining
App. - Filed Nov 28, 2015 - Published May 26, 2018 - Ying Zhang - Telefonaidisholagst

Y davios to monitor the

% g
@

www.google.com/patents/USU667653

Contaxt-aware network service policy management
Grant - Filed Dec 15, 2014 - lsgued May 30, 2017 - Katherlne Barabash - international
Business Machines Corporation
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. [ CONFIRMATION NO. |
17/102,099 11/23/2020 Wonjong Rhee 20145-054USC 1038
146571 7590 04/14/2023 | EXAMINER |
North Weber & Baugh LLP - ASSIA
2251 Grant Road, Suite H GRUALVA LOBOS, BORIS D
Los Altos, CA 94024
| ART UNIT | PAPER NUMBER |
2446
| NOTIFICATION DATE | DELIVERY MODE |
04/14/2023 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

docketl @northweber.com
mnorth@northweber.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
17/102,099 Rhee, Wonjong
; it - Examiner Art AlA (First Inventor Page
Applicant-Initiated Interview Summary BORIS D GRIJALVA | Unit [ toFile) Status
LOBOS 2446 | NO 1of1

BORIS D GRIJALVA LOBOS Primary Examiner Telephonic _
ALI UYANIK (67,080) Attorney

Date of Interview: 10 April 2023

Issues Discussed:

Proposed Amendment(s)

Proposed amendments to claim 1 were discussed in light of the indicated allowable matter of claim 19.
An agreement was reached.

/BORIS D GRIJALVA LOBOS/
Primary Patent Examiner, Art Unit 2446

Applicant is reminded that a complete written statement as to the substance of the interview must be made of record in
the application file. It is the applicants responsibility to provide the written statement, unless the interview was initiated
by the Examiner and the Examiner has indicated that a written summary will be provided. See MPEP 713.04

Please further see:

MPEP 713.04

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

37 CFR § 1.2 Business to be transacted in writing

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

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

U.S. Patent and Trademark Office
PTOL-413/413b (Rev. Oct. 2019) Interview Summary Paper No. 20230410

Charter Communications, Inc.

Exhibit 1006
Page #113



Grijalva Lobos, Boris

From: Grijalva Lobos, Boris

Sent: Monday, April 10, 2023 2:18 PM

To: Ali Uyanik

Subject: RE: Interview Request Application No. 17/102,099

Here is what I've gathered:
Claim 19 is allowable because of the phrase “in response to the server detecting a degradation”.

The art covers “communicating the policy to at least one or more communication units that implement one or more
algorithms that use the parameter and at least one rule or one condition for the one or more communication units to
improve a performance of the one or more communication units”. For example, NF rejection of application no.
14/356,581, dated 2/27/2020, maps those limitations to a combination of Clark et al. (US 5970064 A), Roy (US
2006/0187885 A1), and Stamoulis et al. (US 2009/0207730 A1).

The references, however, transmit the policy after receiving the previously claimed data from the monitoring devices,
not after detecting a degradation of performance.

Going back to claim 1 of the present application, the amendments filed on 12/28/2022 did not have any 35 USC 112 or
101 issues, and the amendments filed on 3/13/2023 were not entered.

So for the next action I’d suggest amending claim 1, of the claims filed 12/28/2022, to recite “a third interface coupled
to the processor, the third interface transmits, in response to the processor detecting a degradation of
network performance in at least one of the first network or second network, the at least one policy to the first
communication unit that makes a performance-related adjustment within the first network based on the at
least one policy”. This would make claim 1 allowable.

As far as changing memory to processor, | agree that could make a difference, but | also think we’d just chasing our tails
with that. Even if | were to ultimately agree that the first, second and third interfaces are different, which is what the
discussion has been revolving for some time now, I’d probably just combine the previously cited references with art that
includes a device with multiple interfaces which would just prolong prosecution. | think the inventive concept here really
revolves around generating the policy for different APs, so my suggestion would be amendments that closely modify
that inventive concept.

Please let me know if the suggestion for claim 1 would be acceptable. Like we agreed, I'll call back at or after 3PM ET
today to further discuss.

Very Respectfully,

Boris Daniel Grijalva Lobos
Patent Examiner

U.S. Patent & Trademark Office
Art Unit 2446

Tel. (571) 272-0767

From: Ali Uyanik <auyanik@northweber.com>
Sent: Monday, April 10, 2023 1:16 PM

Charter Communications, Inc.
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To: Grijalva Lobos, Boris <Boris.GrijalvaLobos@USPTO.GOV>
Subject: Re: Interview Request Application No. 17/102,099

i This email has originated fis

¢ PLEASE CONSIDER THE SOURCE before responding, clicking on
links, or opening attachments.

Btw: instead of arguing against the interpretation of "memory" in the AA, | could amend as follows:
a memory processor coupled to the first and second interfaces, the memery processor stores the first

and second sets of collected data in memory and [[;]]

aprocessorcoupled-to-the-memory—theprocesser generates at least one policy based at least in part

on an analysis of the first and second sets of collected data; and [...]

with "coupled" including wireless coupling, of course.

Ali Uyanik | North Weber & Baugh, LLP | 2251 Grant Road, Suite H Los Altos, CA 94024 | Phone: (650) 353-3786 | Fax: (650) 856-
0542

CONFIDENTIALITY NOTICE: This communication, and any files or previous e-mail messages attached to it, may contain confidential
information that is legally privileged. If you have received this transmission in error, please immediately notify us by e-mail, or by
telephone at (650) 353-3784, and destroy the original transmission and its attachments without reading or saving it.

From: Grijalva Lobos, Boris <}
Sent: Monday, April 10, 2023 8:48 AM
To: Ali Uyanik <
Subject: Interview Request Appllcatlon No 17/102 099

Good morning Mr. Uyanik,

I've received your request for interview for application No. 17/102,099 (Att Docket No. 23145-0354USC ), but | tried
calling back the number on the voice mail with no success. Was it 669-268-6134? | should be free any time this week, so
we can set it up at your convenience. Morning would be preferred.

Looking forward to hear from you!
Very Respectfully,

Boris Daniel Grijalva Lobos
Patent Examiner

U.S. Patent & Trademark Office
Art Unit 2446

Tel. (571) 272-0767
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Doc Code: A.NE.AFCP
Document Description: After Final Consideration Pilot Program Request

PTO/SB/434 (05-13)

CERTIFICATION AND REQUEST FOR CONSIDERATION UNDER THE
AFTER FINAL CONSIDERATION PILOT PROGRAM 2.0

Practitioner Docket No.: Application No.: Filing Date:
20145-054USC 17/102,099 11-23-2020
First Named Inventor: Title:
Wonjong Rhee METHOD, APPARATUS, AND SYSTEM FOR OPTIMIZING PERFORMANGE OF A COMMUNICATION UNIT BY A REMOTE SERVER

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS CONSIDERATION UNDER THE AFTER FINAL CONSIDERATION PILOT
PROGRAM 2.0 (AFCP 2.0) OF THE ACCOMPANYING RESPONSE UNDER 37 CFR 1.116.

1.

The above-identified application is (i) an original utility, plant, or design nonprovisional application filed under
35 U.S.C. 111{(a) [a continuing application {e.g., a continuation or divisional application) is filed under 35 U.S.C. 111(a) and is
eligible under (i)], or {ii) an international application that has entered the national stage in compliance with 35 U.S.C. 371(c).

The above-identified application contains an outstanding final rejection.

Submitted herewith is a response under 37 CFR 1.116 to the outstanding final rejection. The response includes an
amendment to at least one independent claim, and the amendment does not broaden the scope of the independent claim in
any aspect.

This certification and request for consideration under AFCP 2.0 is the only AFCP 2.0 certification and request filed in
response to the outstanding final rejection.

Applicant is willing and available to participate in any interview requested by the examiner concerning the present response.
This certification and request is being filed electronically using the Office’s electronic filing system (EFS-Web).

Any fees that would be necessary consistent with current practice concerning responses after final rejection under 37 CFR
1.116, e.g., extension of time fees, are being concurrently filed herewith. [There is no additional fee required to request
consideration under AFCP 2.0.]

By filing this certification and request, applicant acknowledges the following:

Reissue applications and reexamination proceedings are not eligible to participate in AFCP 2.0.
The examiner will verify that the AFCP 2.0 submission is compliant, i.e., that the requirements of the program have been met
(see items 1 to 7 above). For compliant submissions:

o  The examiner will review the response under 37 CFR 1.116 to determine if additional search and/or consideration
(i) is necessitated by the amendment and (i) could be completed within the time allotted under AFCP 2.0. If
additional search and/or consideration is required but cannot be completed within the allotted time, the examiner
will process the submission consistent with current practice concerning responses after final rejection under
37 CFR 1.116, e.g., by mailing an advisory action.

o If the examiner determines that the amendment does not necessitate additional search and/or consideration, or if
the examiner determines that additional search and/or consideration is required and could be completed within
the allotted time, then the examiner will consider whether the amendment places the application in condition for
allowance (after completing the additional search and/or consideration, if required). If the examiner determines
that the amendment does not place the application in condition for allowance, then the examiner will contact the
applicant and request an interview.

= The interview will be conducted by the examiner, and if the examiner does not have negotiation
authority, a primary examiner and/or supervisory patent examiner will also participate.

. If the applicant declines the interview, or if the interview cannot be scheduled within ten (10) calendar
days from the date that the examiner first contacts the applicant, then the examiner will proceed
consistent with current practice concerning responses after final rejection under 37 CFR 1.116.

Signature

Date

/Michael North/ April 13, 2023

Name

(Print/Typed)

Practitioner
Registration No.

Michael North 46,963

Note: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. Submit multiple
forms if more than one signature is required, see below*.

m * Total of 1 forms are submitted.
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Privacy Act Statement

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

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

1.

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

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

A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Examiner:

Wonjong Rhee Grijalva Lobeos, Boris D.
Application No.: 17/102,099 Art Group: 2446

Filed: November 23, 2020 Confirmation No.: 1038
For: METHOD, APPARATUS, AND SYSTEM FOR Docket No.: 20145-054USC
OPTIMIZING PERFORMANCE OF A COMMUNICATION

UNIT BY A REMOTE SERVER

CERTIFICATE OF MAILING (37 CFR §1.8)
I hereby certify, pursuant to 37 CFR §1.8, that this correspondence is being electronically
transmitted to the United States Patent and Trademark Office via EFS-Web addressed to: Mail
Stop AF, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450, on the date
shown below:

Dated: April 13,2023 By: /Domarina Alkhas/
Domarina Alkhas

Mail Stop AF

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

REQUEST FOR CONSIDERATION UNDER AFCP 2.0 IN RESPONSE TO FINAL
OFFICE ACTION

Examiner Grijalva Lobos:

Applicant hereby files this Response under the AFCP 2.0 program and respectfully
requests further examination and reconsideration in view of the amendments and remarks set
forth below.

Amendments to the Claims are reflected in the Listing of Claims which begins on page
2 of this paper.

Remarks/Arguments begin on page 7 of this paper.
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AMENDMENTS TO THE CLAIMS

This listing of claims will replace all prior versions and listings of claims in the

application:
Listing of the Claims:

1. (Currently amended) A server communication system comprising:

a first interface coupled to a first communication unit, the first interface receives a
first set of collected data associated with a first network managed by the first
communication unit;

a second interface coupled to a second communication unit, the second interface
receives a second set of collected data associated with a second network
managed by the second communication unit, the second network being a
different network than the first network;

a memory coupled to the first and second interfaces, the memory stores the first and
second sets of collected data;

a processor coupled to the memory, the processor generates at least one policy based
at least in part on an analysis of the first and second sets of collected data; and

a third interface coupled to the processor, the third interface transmits, in response to

the processor determining a change in performance in at least one of the first

network or the second network, the at least one policy to the first

communication unit that makes a performance-related adjustment within the

first network based on the at least one policy.

2. (Currently amended) The server communication system of claim 1 wherein the

adjustment within the first network is an implementation of an algorithm.
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(Currently amended) The server communication system of claim 1 where in the

adjustment within the first network is a change in a parameter value.

(Previously presented)  The server communication system of claim 1 wherein the first

communication unit reduces interference in the second network based on an implementation

of the at least one policy within the first network.

(Currently amended) The server communication system of claim 4 wherein the at least

one policy adjusts channel transmission characteristics of at least one wireless channel

within the first network.

(Currently amended) The server communication system of claim 5 wherein the channel
transmission characteristics comprise a modification to a transmission band across the at

least one wireless channel within the first network.

(Currently amended) The server communication system of claim 1 wherein the first and

second sets of collected data comprise historical data.

(Currently amended) The server communication system of claim 1 wherein the

processor:
generates a first control signal that is sent to the first communication unit at a first
pre-defined time, the first control signal comprising a first policy adjustment
to the first network; and
generates a second control signal that is sent to the second communication unit at a
second pre-defined time, the second control signal comprising a second policy

adjustment to the second network.
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9. (Currently amended) The server communication system of claim 8 wherein the first pre-

defined time and the second pre-defined time are different.

10. (Currently amended) The server communication system of claim 8 wherein the first

policy adjustment and the second policy adjustment are different.

11. (Currently amended) The server communication system of claim 1 wherein the first and

second communication units are Wi-Fi access points.

12. (Currently amended) The server communication system of claim 1 wherein the first and

second communication units are cellular base stations.

13. (Currently amended) The server communication system of claim 12 wherein the first

communication unit is a small cell base station.

14. (Currently amended) The server communication system of claim 1 wherein the first and

second sets of collected data comprise RSSI measurements collected within the first and

second networks.

15. (Currently amended) The server communication system of claim 14 wherein the at least

one policy adjusts a transmission rate of at least one channel within the first network.

16. (Currently amended) The server communication system of claim 1 wherein the first and

second sets of collected data comprise collected measurements related to SNR across a

plurality of wireless channels within the first and second networks.

17. (Currently amended) The server communication system of claim 16 wherein the at least

one policy adjusts a transmission power level across a first wireless channel within the

plurality of wireless channels.
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18. (Currently amended) The server communication system of claim 1 wherein atdeast two

interfaces within the first, second and third interfaces are the same interface.

19. (Previously presented) A method for managing a plurality of networks, the method
comprising:

receiving, by a server, from network monitoring devices that monitor data associated
with an operation of two or more communication units located in at least two
networks within the plurality of networks, the data comprising a parameter;

processing, by the server, the received data;

based on the processed data, determining a policy for at least one of the two or more
communication units; and

in response to the server detecting a degradation of network performance in at least
one network within the plurality of networks, communicating the policy to at
least one or more communication units that implement one or more algorithms
that use the parameter and at least one rule or one condition for the one or
more communication units to improve a performance of the one or more

communication units.

20. (Original) The method of claim 19 wherein determining the policy comprises selecting the
policy from a set of policies that are stored on the one or more communication units and
wherein the communicated policy updates the one or more algorithms implemented on the

one or more communication units.

21. (Original) The method of claim 19 wherein the one or more communication units comprise a

Wi-Fi access point.

(9]
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22. (Original) The method of claim 19 wherein the one or more communication units comprise a

cellular base station.

23. (Original) The method of claim 19 wherein the at least one rule or one condition comprises

an adjustment to a wireless transmission band within the plurality of networks.
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REMARKS

Claims 1-23 were presented for examination and are pending in this patent application.
In the Office Action, claims 1-18 were rejected and claims 19-23 were allowed. Claims 1-18
are amended herein. Claims 1-18 were amended to provide consistency with allowed claims 19-
23. Applicant notes that these amendments were not made for reasons of patentability nor are
they narrowing amendments. Accordingly, Applicant reserves all rights of Doctrine of
Equivalents for all purposes. Applicant thanks the Examiner for noting that the IDS submissions
have been received and were considered. On the basis of the following remarks, reconsideration

and allowance of all pending claims is respectfully requested.

I. Claim Amendments

Applicant has amended the claims to provide consistency with allowed claims 19-23. In
light of the present claim amendments, Applicant respectfully requests that all rejections of

claims be withdrawn.
II. Conclusion

In view of the above arguments, Applicant believes that all pending claims, claims 1-23,
are allowable and respectfully request that a Notice of Allowance be issued for this application in
its current state. Applicant believes that more than a sufficient number of reasons have been
stated to traverse all rejections.

Should the Examiner believe that a telephone conference would expedite the prosecution
of this application, the Examiner is invited to contact the undersigned at telephone number (650)
353-3786. If any fees are due in connection with the filing of this amendment, the Commissioner
is authorized to charge such fees to Deposit Account 50-2776

Respectfully submitted,

Date: April 13, 2023 By:/ Ali Uyanik /
Ali Uyanik
Reg. No. 67,080

NORTH WEBER & BAUGH LLP
3260 Hillview Avenue

Palo Alto, CA 94304

Tel.: (650) 353-3786

Fax: (650) 856-0542

auyanik @northweber.com
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. [ CONFIRMATION NO. |
17/102,099 11/23/2020 Wonjong Rhee 20145-054USC 1038
146571 7590 03/22/2023 | EXAMINER |
North Weber & Baugh LLP - ASSIA
2251 Grant Road, Suite H GRUALVA LOBOS, BORIS D
Los Altos, CA 94024
| ART UNIT | PAPER NUMBER |
2446
| NOTIFICATION DATE | DELIVERY MODE |
03/22/2023 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

docketl @northweber.com
mnorth@northweber.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
Advisory Action 17/102,099 Rhee, Wonjong
Before the Flying ofan Appea/Bf/ef Examiner Art Unit AlA (FITF) Status
BORIS D GRIJALVA LOBOS 2446 No
--The MAILING DATE of this c jcation appears on the cover sheet with the correspondence address --

THE REPLY FILED 13 March 2023 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE.
NO NOTICE OF APPEAL FILED
1.4 The reply was filed after a final rejection. No Notice of Appeal has been filed. To avoid abandonment of this application, applicant must timely file
one of the following replies: (1) an amendment, affidavit, or other evidence, which places the application in condition for allowance;
(2) a Notice of Appeal (with appeal fee) in compliance with 37 CFR 41.31; or (3) a Request for Continued Examination (RCE) in compliance with
37 CFR 1.114 if this is a utility or plant application. Note that RCEs are not permitted in design applications. The reply must be filed within one of
the following time periods:
a) E] The period for reply expires __ months from the mailing date of the final rejection.
b) The period for reply expires on: (1) the mailing date of this Advisory Action; or (2) the date set forth in the final rejection, whichever is later.
In no event, however, will the statutory period for reply expire later than SIX MONTHS from the mailing date of the final rejection.
c) Oa prior Advisory Action was mailed more than 3 months after the mailing date of the final rejection in response to a first after-final reply filed
within 2 months of the mailing date of the final rejection.The current period for reply expires months from the mailing date of
the prior Aavisory Action or SIX MONTHS from the mailing date of the final rejection, whichever is earlier.
Examiner Note: If box 1 is checked, check either box (a), (b) or (c). ONLY CHECK BOX (b) WHEN THIS ADVISORY ACTION IS THE
FIRST RESPONSE TO APPLICANTS FIRST AFTER-FINAL REPLY WHICH WAS FILED WITHIN TWO MONTHS OF THE FINAL
REJECTION. ONLY CHECK BOX {(c) IN THE LIMITED SITUATION SET FORTH UNDER BOX (c). See MPEP 706.07(f).

Extensions of time may be obtained under 37 CFR 1.136(a). The date on which the petition under 37 CFR 1.136(a) and the appropriate

extension fee have been filed is the date for purposes of determining the period of extension and the corresponding amount of the fee. The

appropriate extension fee under 37 CFR 1.17(a) is calculated from: (1) the expiration date of the shortened statutory period for reply originally

set in the final Office action; or (2) as set forth in (b) or (c) above, if checked. Any reply received by the Office later than three months after the

mailing date of the final rejection, even if timely filed, may reduce any earned patent term adjustment. See 37 CFR 1.704(b).

NOTICE OF APPEAL

2. [ The Notice of Appeal was filed on . A brief in compliance with 37 CFR 41.37 must be filed within two months of the date of filing the Notice

of Appeal (37 CFR 41.37(a)), or any extension thereof (37 CFR 41.37(e)), to avoid dismissal of the appeal. Since a Notice of
Appeal has been filed, any reply must be filed within the time period set forth in 37CFR 41.37(a).
AMENDMENTS
3. The proposed amendments filed after a final rejection, but prior to the date of filing a brief, will not be entered because
a) They raise new issues that would require further consideration and/or search {(see NOTE below);
b) They raise the issue of new matter (see NOTE below);
c) O They are not deemed to place the application in better form for appeal by materially reducing or simplifying the issues for
appeal; and/or
d) (J They present additional claims without canceling a corresponding number of finally rejected claims.
NOTE: See Continuation Sheet (See 37 CFR 1.116 and 41.33(a)).

4. [ The amendments are not in compliance with 37 CFR 1.121. See attached Notice of Non-Compliant Amendment (PTOL-324).

5.3 Applicant's reply has overcome the following rejection(s):

6. Newly proposed or amended claim(s) would be allowable if submitted in a separate, timely filed amendment canceling the non-allowable

claim(s).
7. For purposes of appeal, the proposed amendmem(s):(a)will not be entered, or (b)DwiII be entered, and an explanation of how the
new or amended claims would be rejected is provided below or appended.

AFFIDAVIT OR OTHER EVIDENCE

8.[JA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

9. [ The affidavit or other evidence filed after final action, but before or on the date of filing a Notice of Appeal will not be entered because applicant
failed to provide a showing of good and sufficient reasons why the affidavit or other evidence is necessary and was not earlier presented. See 37
CFR 1.116(e).

10. (J The affidavit or other evidence filed after the date of filing the Notice of Appeal, but prior to the date of filing a brief, will not be entered because
the affidavit or other evidence failed to overcome all rejections under appeal and/or appellant fails to provide a showing of good and sufficient
reasons why it is necessary and was not earlier presented. See 37 CFR 41.33(d)(1).

11. [0 The affidavit or other evidence is entered. An explanation of the status of the claims after entry is below or attached.

REQUEST FOR RECONSIDERATION/OTHER

12. [ The request for reconsideration has been considered but does NOT place the application in condition for allowance because:

13. Note the attached Information Disclosure Statementds). (PTO/SB/08) Paper No(s). 2/22/2023
14. Other: See Continuation Sheet.
STATUS OF CLAIMS
15. The status of the claim(s) is (or will be) as follows:
Claim(s) allowed:19-23.
Claim(s) objected to:
Claim(s) rejected:1-18.
Claim(s) withdrawn from consideration:

/BORIS D GRIJALVA LOBOS/
Primary Patent Examiner, Art Unit 2446

U.S. Patent and Trademark Office
PTOL-303 (Rev. 08-2013) Advisory Action Before the Filing of an Appeal Brief Paper No. 20230317
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Continuation Sheet (PTOL-303) Application No. 17/102,099

Continuation of 3. NOTE: The amendments raise new issues that would require further search and
consideration. New matter issues may also be raised (see below)

Continuation of REQUEST FOR RECONSIDERATION/OTHER 14. Other: In the response filed on 3/13/
2023, applicant argues that support for the limitation "the first, second, and third interface being different
from each other" is enabled by Fig. 2, and paragraphs [0037] because "multiple APs may be used in the
WiFi communication system" and "each of any number of WiFi communication systems [...] may have
their own communication interface". In response to the argument: Initially, the examiner notes that, as
stated by applicant, each "communication unit" may have it's own interface, that is, each AP may have it's
own interface. However, the examiner initially notes that the claimed "first" and "second" interfaces are not
the interfaces on the APs, because, as recited by the claims, the first and second interfaces are coupled to
the memory that stores the first and second set of collected data. This coupling implies that the first and
second interfaces are interfaces of the Optimization Center of Fig. 2. Also, the fact that different APs have
different interfaces does not necessarily imply that the "Optimization Center” of Fig. 2 has multiple
interfaces to communicate with each and every AP nor that the communication channel of Fig. 2 is a
plurality of interfaces. It's a known fact in the art that multiple devices, each with it's own interface, may be
connected to a single device with a single interface, over a single communications channel. An example
would be a home router with WiFi capabilities. The router would include a single interface to which a
plurality of devices can be connected to using a single communications channel (i.e., WiFi). Further note
that in the proposed amendments the "third interface" is also different than the first and second interfaces.
Even if the first and second interfaces were different, it's unclear why the third interface is different than
the first interface because both the first and third interfaces are used to communicate with the first
communication unit and nothing in the specification appears to recites two different interfaces to
communicate with a single communication unit, raising new matter issues. Furthermore, if the presence of
multiple communication units implied multiple interfaces at the communication system simply because
each communication unit has its own interface, then Clark et al. (US 5970064 A) would still anticipate the
claimed limitations because in Clark the network controller receives information from a plurality of switches
(i.e., each would have it's own interface). However, the examiner holds that the existence of multiple
communication units does not imply the existence of multiple interfaces at the optimization center of Fig. 2
or even multiple interfaces as a medium of the communications channel.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Examiner:

Wonjong Rhee Grijalva Lobos, Boris D.
Application No.: 17/102,099 Art Group: 2446

Filed: November 23, 2020 Confirmation No.: 1038
For: METHOD, APPARATUS, AND SYSTEM FOR Docket No.: 20145-054USC
OPTIMIZING PERFORMANCE OF A COMMUNICATION

UNIT BY A REMOTE SERVER

CERTIFICATE OF MAILING (37 CFR §1.8)
I hereby certify, pursuant to 37 CFR §1.8, that this correspondence is being electronically
transmitted to the United States Patent and Trademark Office via EFS-Web addressed to: Mail
Stop AF, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450, on the date
shown below:

Dated: 3/13/2023 By: /Domarina Alkhas/
Domarina Alkhas

Mail Stop AF
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

RESPONSE TO FINAL OFFICE ACTION
Examiner Grijalva Lobos:

This Amendment is in response to the Final Office Action dated January 13, 2023 and
having a shortened statutory response period expiring April 13, 2023. Accordingly, this paper is
timely filed. Applicant respectfully request further examination and reconsideration in view of
the amendments and remarks set forth below.

Amendments to the Claims are reflected in the Listing of Claims which begins on page
2 of this paper.

Remarks/Arguments begin on page 7 of this paper.
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AMENDMENTS TO THE CLAIMS

This listing of claims will replace all prior versions and listings of claims in the

application:
Listing of the Claims:

1. (Currently amended) A server communication system comprising:

a first interface coupled to a first communication unit, the first interface receives a
first set of collected data associated with a first network managed by the first
communication unit;

a second interface coupled to a second communication unit, the second interface
receives a second set of collected data associated with a second network
managed by the second communication unit, the second network being a
different network than the first network;

a memory coupled to the first and second interfaces, the memory stores the first and
second sets of collected data;

a processor coupled to the memory, the processor generates at least one policy based
at least in part on an analysis of the first and second sets of collected data; and

a third interface coupled to the processor, the third interface transmits the at least one
policy to the first communication unit that makes a performance-related
adjustment within the first network based on the at least one policy, the first,

second, and third interfaces being different from each other.

2. (Currently amended) The server communication system of claim 1 wherein the

adjustment within the first network is an implementation of an algorithm.
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(Currently amended) The server communication system of claim 1 where in the

adjustment within the first network is a change in a parameter value.

(Previously presented)  The server communication system of claim 1 wherein the first

communication unit reduces interference in the second network based on an implementation

of the at least one policy within the first network.

(Currently amended) The server communication system of claim 4 wherein the at least

one policy adjusts channel transmission characteristics of at least one wireless channel

within the first network.

(Currently amended) The server communication system of claim 5 wherein the channel
transmission characteristics comprise a modification to a transmission band across the at

least one wireless channel within the first network.

(Currently amended) The server communication system of claim 1 wherein the first and

second sets of collected data comprise historical data.

(Currently amended) The server communication system of claim 1 wherein the

processor:
generates a first control signal that is sent to the first communication unit at a first
pre-defined time, the first control signal comprising a first policy adjustment
to the first network; and
generates a second control signal that is sent to the second communication unit at a
second pre-defined time, the second control signal comprising a second policy

adjustment to the second network.

Charter Communications, Inc.

Exhibit 1006
Page #146



9. (Currently amended) The server communication system of claim 8 wherein the first pre-

defined time and the second pre-defined time are different.

10. (Currently amended) The server communication system of claim 8 wherein the first

policy adjustment and the second policy adjustment are different.

11. (Currently amended) The server communication system of claim 1 wherein the first and

second communication units are Wi-Fi access points.

12. (Currently amended) The server communication system of claim 1 wherein the first and

second communication units are cellular base stations.

13. (Currently amended) The server communication system of claim 12 wherein the first

communication unit is a small cell base station.

14. (Currently amended) The server communication system of claim 1 wherein the first and

second sets of collected data comprise RSSI measurements collected within the first and

second networks.

15. (Currently amended) The server communication system of claim 14 wherein the at least

one policy adjusts a transmission rate of at least one channel within the first network.

16. (Currently amended) The server communication system of claim 1 wherein the first and

second sets of collected data comprise collected measurements related to SNR across a

plurality of wireless channels within the first and second networks.

17. (Currently amended) The server communication system of claim 16 wherein the at least

one policy adjusts a transmission power level across a first wireless channel within the

plurality of wireless channels.
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18. (Currently amended) The server communication system of claim 1 wherein atdeast two

interfaces within the first, second and third interfaces are the same interface.

19. (Previously presented) A method for managing a plurality of networks, the method
comprising:

receiving, by a server, from network monitoring devices that monitor data associated
with an operation of two or more communication units located in at least two
networks within the plurality of networks, the data comprising a parameter;

processing, by the server, the received data;

based on the processed data, determining a policy for at least one of the two or more
communication units; and

in response to the server detecting a degradation of network performance in at least
one network within the plurality of networks, communicating the policy to at
least one or more communication units that implement one or more algorithms
that use the parameter and at least one rule or one condition for the one or
more communication units to improve a performance of the one or more

communication units.

20. (Original) The method of claim 19 wherein determining the policy comprises selecting the
policy from a set of policies that are stored on the one or more communication units and
wherein the communicated policy updates the one or more algorithms implemented on the

one or more communication units.

21. (Original) The method of claim 19 wherein the one or more communication units comprise a

Wi-Fi access point.

(9]
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22. (Original) The method of claim 19 wherein the one or more communication units comprise a

cellular base station.

23. (Original) The method of claim 19 wherein the at least one rule or one condition comprises

an adjustment to a wireless transmission band within the plurality of networks.
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REMARKS

Claims 1-23 were presented for examination and are pending in this patent application.
In the Office Action, claims 1-18 were rejected and claims 19-23 were allowed. Claims 1-18
are amended herein. Claims 1-18 were amended to clarify the claim language. Applicant notes
that these amendments were not made for reasons of patentability nor are they narrowing
amendments. Accordingly, Applicant reserves all rights of Doctrine of Equivalents for all
purposes. Applicant thanks the Examiner for noting that the IDS submissions have been
received and were considered. On the basis of the following remarks, reconsideration and

allowance of all pending claims is respectfully requested.

I.  Re: Response to Arguments

In the Office Action, the Examiner responds to Applicant’s argument that an
interpretation of claim 1 as reciting the same interface three times is unreasonable because the
fact that dependent claim 18 requires “at least two interfaces within the first, second and third
interfaces are the same interface” precludes such interpretation because claim 1 has to be broader
than claim 18 to avoid having identical claim scopes, which would trigger a rejection under 35
U.S.C. § 112(d), first, by correctly reiterating that “the specification does contain embodiments
that reasonably enable the first interface and second interface to be the same interface (in view of

Fig. 2 and {[0037]).” Office Action, p. 3 (emphasis added).

However, the Examiner incorrectly asserts that “the specification of the present
application fails "to describe a single embodiment in which the first interface is a different device
or object than the second interface.” id; see also id. at 3-4 (“[the application] fails to recite
anywhere in its specification, including the claims and drawings, anything regarding a ‘first
interface’ and ‘second interface’, much less these ‘first interface’ and ‘second interface’ being
different entities”). Further, the Examiner views Applicant’s interpretation as “new matter” Id.
Applicant respectfully disagrees.

First, Applicant’s specification states that “[w]hile the embodiment of FIG. 2 illustrates a
WiFi communication system 200 with a single AP 201, multiple APs may be used in the WiFi
communication system 200 which are operable to communicate with the remote server 204 via
the Communication Channel 208.” Spec.  37; see also id. (“the remote server 204 is operable to
communicate with the AP 201 and/or with any or all of the stations 202.sub.1-N via the

communication Channel 208”).
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Based on this disclosure alone, it is apparent that each of any number of WiFi
communication systems (denoted as numeral 200 in FIG. 2) may have their own communication
interface, i.e., each claimed communication unit may have its own claimed interface, such that
the claimed first interface coupled to a first communication unit may be different and distinct
from different the claimed second interface coupled to a second communication unit. Applicant
notes that, according to the Examiner’s own interpretation, claim 18 cannot be interpreted as
failing to properly narrow amended claim 1 since there remains a “possibility” to combine two of
the interfaced into one such as to have only two interfaces being different from each other.
Further, In the interest of advancing prosecution, Applicant has amended claims 1-18 to clarify
that, in claim 1, the first, second, and third interfaces are indeed different from each other.

Accordingly, Applicant respectfully requests that all rejections be withdrawn and that
claims 1-23 be allowed as currently amended.

II. Conclusion

In view of the above arguments, Applicant believes that all pending claims, claims 1-23,
are allowable and respectfully request that a Notice of Allowance be issued for this application in
its current state. Applicant believes that more than a sufficient number of reasons have been
stated to traverse all rejections.

Should the Examiner believe that a telephone conference would expedite the prosecution
of this application, the Examiner is invited to contact the undersigned at telephone number (650)
353-3786. If any fees are due in connection with the filing of this amendment, the Commissioner
is authorized to charge such fees to Deposit Account 50-2776

Respectfully submitted,

Date: March 13, 2023 By:__ /Ali Uyanik /
Ali Uyanik
Reg. No. 67,080
NORTH WEBER & BAUGH LLP
3260 Hillview Avenue
Palo Alto, CA 94304
Tel.: (650) 353-3786
Fax: (650) 856-0542

auyanik @northweber.com
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Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns,Lines where
e Cite No . Relevant Passages or Relevant
Initial Number Code’| Date of cited Document )
Figures Appear
1 P0040143428 A1 P004-07-22 Rappaport et al.
2 0090245130 A1 P009-10-01 Bing
3 0100316012 A1 P010-12-16 Stanwood et al.

If you wish to add additional U.S. Published Application citation information please click the Add button| Add

FOREIGN PATENT DOCUMENTS Remove

Name of Patentee or Pages,Columns,Lines

Examiner| Cite | Foreign Document | Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code2j Code#| Date PP Passages or Relevant
Document .
Figures Appear
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Application Number 17102099
Filing Date 2020-11-23
INFORMATION DISCLOSURE First Named Inventor | Wonjong Rhee
STATEMENT BY APPLICANT .
N Art Unit ‘ 2446
( Not for submission under 37 CFR 1.99)
Examiner Name | GRIJALVA LOBOS, BORIS D
Attorney Docket Number ‘ 20145-054USC
If you wish to add additional Foreign Patent Document citation information please click the Add button | Add
NON-PATENT LITERATURE DOCUMENTS Remove
. .. | Include name of the author {(in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite T - . "
e (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
Initials No . - .
publisher, city and/or country where published.
1 Non-final office action mailed 11/22/2022 in US patent application No. 15/845,977, Attorney Docket No.
20145-056USC], (43 pgs).
5 Furopean office action mailed 11/22/2022 in the European patent application No. 182111625, Attorney Docket No.
20145-055EPD], {27 pgs).
3 [Chinese response to office action filed 11/29/2022, in the Chinese patent application No_. 202010074633.2, Attorney 4
Pocket No. [20145-054CND], (10 pgs).
4 [Canadian response to office action filed 1/27/2023 in Canadian patent application No. 3,124,797, Attorney Docket No. H
20145-055CADZ], (2 pgs).
5 [Chinese office action mailed 1/10/2023, in the Chinese patent application No. 202010074633.2, Attommey Docket No. |Z|
20145-054CND], {26 pgs).
5 Response to Canadian examination report filed 2/3/2023 in Canadian patent application No. 3,129,522, Attorney D
Pocket No. [20145-117CA], (15 pgs).
7 Notice of Allowance mailed 1/4/2023 in US patent application No. 16/804,000, Attorney Docket No. [20145-117US], I:l
19 pgs).
8 Response to non-final office action filed 2/22/2023 in US patent application No. 15/845,977, Attorney Docket No. |:|
20145-056USC], (13 pgs).
If you wish to add additional non-patent literature document citation information please click the Add button| Add
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Application Number

17102099

Filing Date

2020-11-23

INFORMATION DISCLOSURE

First Named Inventor |Wonjong Rhee

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Art Unit

‘2446

Examiner Name

| GRIJALVA LOBOS, BORIS D

Attorney Docket Number ‘ 20145-054USC

EXAMINER SIGNATURE

Examiner Sighature “

I Date Considered ‘I

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

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GQV or MPEP 901.04. 2 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.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. ® Applicant is to place a check mark here if|

English language translation is attached.
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Application Number 17102099

Filing Date 2020-11-23

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor |Wonjong Rhee

Art Unit ‘ 2446

Examiner Name | GRIJALVA LOBOS, BORIS D

Attorney Docket Number ‘ 20145-054USC

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
X from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.
SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Michael North/ Date (YYYY-MM-DD) 2023-02-22

Name/Print Michael North Registration Number |46963

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.8.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form 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.
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Privacy Act Statement

The Privacy Act of 1974 (P_L. 33-579) 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). Recocrds from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

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. 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. 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 pregrams, 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 inspections or an issued patent.

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

Application Number:

17102099

Filing Date:

23-Nov-2020

Title of Invention:

METHOD, APPARATUS, AND SYSTEM FOR OPTIMIZING PERFORMANCE OF A
COMMUNICATION UNIT BY A REMOTE SERVER

First Named Inventor/Applicant Name:

Wonjong Rhee

Filer:

Michael V. North/Domarina Alkhas

Attorney Docket Number:

20145-054USC

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount Sul&-;l’;(tsa)l in
Basic Filing:
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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Description Fee Code Quantity Amount Sul:’-;l';(t:)l in
Miscellaneous:
SUBMISSION- INFORMATION DISCLOSURE STMT 1806 1 260 260
Total in USD ($) 260
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Electronic Acknowledgement Receipt

EFS ID: 47575786
Application Number: 17102099
International Application Number:
Confirmation Number: 1038

Title of Invention:

METHOD, APPARATUS, AND SYSTEM FOR OPTIMIZING PERFORMANCE OF A
COMMUNICATION UNIT BY A REMOTE SERVER

First Named Inventor/Applicant Name:

Wonjong Rhee

Customer Number:

146571

Filer:

Michael V. North/Domarina Alkhas

Filer Authorized By:

Michael V. North

Attorney Docket Number: 20145-054USC
Receipt Date: 22-FEB-2023
Filing Date: 23-NOV-2020
Time Stamp: 18:54:40

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $260

RAM confirmation Number E20232L155307801
Deposit Account 502776

Authorized User

Domarina Alkhas

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

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

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 (Document supply fees)
37 CFR 1.20 (Post Issuance fees)
37 CFR 1.21 (Miscellaneous fees and charges)
File Listing:
Document i . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (ifappl.)
26445
1 Transmittal Letter 054USC_SIDS_Trans.pdf no 3
ecc5f36144eb0647d6143bfeSbdf722ef516)
7caf
Warnings:
Information:
612777
5 Information Disclosure Statement (IDS) 054USC_SIDS_SBO8a.pdf no 5
Form (SB08)
d17da94a3c787fd77e76c67f5209f6d 348bf|
1cOb
Warnings:
Information:
4050890
3 Non Patent Literature 054USC_SIDS_NPL1.pdf no 43
bebc1d2efod5c8991cbcade0a7 ccdbbfO00)
79f8e
Warnings:
Information:
641604
4 Non Patent Literature 054USC_SIDS_NPL2.pdf no 27
0c4dd2eas5h50ef86fofee46306df1d760d|
83e6
Warnings:
Information:
451414
5 Non Patent Literature 054USC_SIDS_NPL3.pdf no 10
000f21d2a651e40be44434h2274e3c06256|
Warnings:
Information:
101827
6 Non Patent Literature 054USC_SIDS_NPL4.pdf no 2
559302103af404e209330122053be652ef4
153e
Warnings:
Information:
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Non Patent Literature

054USC_SIDS_NPL5.pdf

2089076

5h353814a4c5193844339509f8c5d7404b|

no

26

Warnings:

Information:

Non Patent Literature

054USC_SIDS_NPL6.pdf

279841

ae90a288f63f93327ec4d3fc0cd751e6bab)
eaa8

no

15

Warnings:

Information:

Non Patent Literature

054USC_SIDS_NPL7.pdf

2308615

b12537cccdcf727e5d636ad21a2ee204806|
092a5

no

19

Warnings:

Information:

Non Patent Literature

054USC_SIDS_NPL8.pdf

95877

2630753473e93ad361102f0dcc8924a6da|
041a

no

13

Warnings:

Information:

Fee Worksheet (SB06)

fee-info.pdf

38502

325c0d34e01df45e428%aa3cdf8c7566dd 09

no

Warnings:

Information:

Total Files Size (in bytes){

10696868
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

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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PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. o 17/102,099 Confirmation No. : 1038

Inventor . Wonjong Rhee

Filing Date . 11-23-2020

Title . METHOD, APPARATUS, AND SYSTEM FOR OPTIMIZING
PERFORMANCE OF A COMMUNICATION UNIT BY A REMOTE
SERVER

Art Unit . 2446

Examiner . GRIJALVA LOBOS, BORIS D

Docket No. . 20145-054USC

Customer No. : 146571

CERTIFICATE OF MAILING (37 CFR §1.8)

I hereby certify, pursuant to 37 CFR §1.8, that this correspondence is being electronically transmitted via EFS-Web
addressed to Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450, on the date shown below:

Date:  February 22, 2023 By: /Domarina Alkhas/
Domarina Alkhas

INFORMATION DISCLOSURE STATEMENT

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

Dear Examiner Grijalva Lobos:

Filed herewith, in accordance with the provisions of 37 CFR §§ 1.56 and 1.97-1.98, listing
various references for consideration by the Examiner, is an Information Disclosure Statement

(“IDS™).

The filing of this IDS shall not be construed as a representation that a search has been
made, or regarding the completeness of the list of references, or that no other material information
exists. Furthermore, the filing of this IDS shall not be construed as a representation that inclusion
of a reference in this list is an admission that it is prior art or is pertinent to this application, or as
an admission that the information listed is, or may be considered to be, material to the patentability
of the above referenced application. The filing of this IDS shall not be construed in any manner as

an admission against interest.
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This IDS is being filed:

]

I

within three months of the filing date of a national application, other than a
continued prosecution application under § 1.53(d);

within three months of the date of entry of the national stage as set forth in § 1.491
in an international application;

before the mailing of a first Office Action on the merits;

before the mailing of a first Office Action after the filing of a request for continued
examination under § 1.114;

after three months of the filing date or entry into the national stage or after the
mailing of a first Office action on the merits, but before the mailing date of any
final action under § 1.113, a notice of allowance under §1.311, or an action that
otherwise closes prosecution in the application;

AND
] enclosed herein is the fee set forth in 37 CFR § 1.17(p);
OR
] Applicant certifies pursuant to 37 CFR § 1.97(e):

] That each item of information contained in the information
disclosure statement was first 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 disclosure statement;

OR

] That no item of information contained in this information
disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application,
and, to the knowledge of the person signing this certification
after making reasonable inquiry, no item of information
contained in the information disclosure statement was
known to any individual designated in § 1.56(c) more than
three months prior to the filing of this information disclosure
statement.

on or before the payment of the issue fee but after the mailing of a final action under
§ 1.113, a notice of allowance under §1.311, or an action that otherwise closes
prosecution in the application;

AND

X enclosed herein is the fee set forth in 37 CFR § 1.17(p);
AND

X Applicant certifies pursuant to 37 CFR § 1.97(e):
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OR

PATENT

That each item of information contained in the information
disclosure statement was first 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 disclosure statement;

That no item of information contained in this information
disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application,
and, to the knowledge of the person signing this certification
after making reasonable inquiry, no item of information
contained in the information disclosure statement was
known to any individual designated in § 1.56(c) more than
three months prior to the filing of this information disclosure
statement.

] Applicant submits that the enclosed Information Disclosure Statement is timely;
therefore, no fee is required.

X Except as provided for under 37 CFR § 1.98(a)(2), Applicant has enclosed a copy
of each listed reference.

] Pursuant to 37 CFR § 1.704(d), Applicant certifies that each of the references cited
herein were first cited in a communication from a foreign patent office in a
counterpart application and that this communication was not received by any
individual designated in 37 CFR § 1.56(c) more than thirty days prior to the filing
of this Information Disclosure Statement.

Consideration of the listed references and favorable action are requested. If any additional

fees are due in connection with the filing of this Information Disclosure Statement, the

Commissioner is hereby authorized to charge such fees to Deposit Account 50-2776.

Date:

February 22, 2023

Respectfully submitted,

By:  /Michael V. North/
Michael V. North

Reg. No. 46,963
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. [ CONFIRMATION NO. |
17/102,099 11/23/2020 Wonjong Rhee 20145-054USC 1038
146571 7590 01/13/2023 | EXAMINER |
North Weber & Baugh LLP - ASSIA
2251 Grant Road, Suite H GRUALVA LOBOS, BORIS D
Los Altos, CA 94024
| ART UNIT | PAPER NUMBER |
2446
| NOTIFICATION DATE | DELIVERY MODE |
01/13/2023 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

docketl @northweber.com
mnorth@northweber.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

17/102,099 Rhee, Wonjong
Office Actlon Summary Examiner ArtUnit | AIA (FITF) Status
BORIS D GRIJALVA LOBOS 2446 No

-- 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 MONTHS 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.

- 1If 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 12/28/2022.
OJ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)l¥ This action is FINAL. 2b) [J This action is non-final.

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

4)[0 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 £x parfe Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s)  1-23 is/are pending in the application.
5a) Of the above claim(s) is/are withdrawn from consideration.

6) Claim(s) 19-23 is/are allowed.

7) Claim(s) 1-18 is/are rejected.

8) [1 Claim(s) ____is/are objected to.

9) [J Claim(s) ___ are subject to restriction and/or election requirement

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
Application Papers
10)(J The specification is objected to by the Examiner.
11)(J 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).
Priority under 35 U.S.C. § 119

12)(0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)d Al b)) Some** ¢)3 None of the:
1.0 Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3.00 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) [J Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
Paper No(s)/Mail Date .
2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 0 Otlfer- (s)
Paper No(s)/Mail Date E—
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20230109
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Application/Control Number: 17/102,099 Page 2
Art Unit: 2446

The present application is being examined under the pre-AlA first to invent provisions.

This Office action is in response to communications filed on 12/28/2022.

Claims 1-23 are pending.

DETAILED ACTION
Response to Arguments

Applicant's arguments filed 12/28/2022 have been fully considered but they are not persuasive.
In the response filed, applicant argues, in substance:

a) In page 6, of the response filed, applicant argues that the examiner incorrectly interpreted
applicant’s argument that “claim 1 is broad enough to encompass the possibility of the first, second, and
third (that is, all three) interfaces to be the same” as an admission from applicant that claim 1 is broad
enough that all three of the recited interfaces can be considered a single interface because applicant’s
quote includes the qualifier “possibility”.

In response to argument (a), the examiner respectfully disagrees. Note that what is being
quoted by applicant (i.e., that “claim 1 is broad enough to encompass the possibility of the first, second,

and third (that is, all three) interfaces to be the same”) is not applicant’s own wording, rather, the

examiner’s (see Applicant Arguments filed 12/16/2021, page 7, lines 26-27), in supporting a rejection
where the first, second, and third interfaces are interpreted as encompassing a single interface.
Applicant’s admission is that the statement made by the examiner is correct (i.e., “the Examiner, first,
correctly states that “claim 1 is broad enough to encompass the possibility of the first, second, and third
(that s, all three) interfaces to be the same”” (see Applicant Arguments filed 12/16/2021, page 7, lines
26-27)).

In the quoted text, the examiner used the word “possibility” because during patent
examination, the pending claims must be "given their broadest reasonable interpretation consistent

with the specification." The Federal Circuit's en banc decision in Phillips v. AWH Corp., 415 F.3d 1303, 75
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USPQ2d 1321 (Fed. Cir. 2005) expressly recognized that the USPTO employs the "broadest reasonable
interpretation" standard.

Although claims of issued patents are interpreted in light of the specification, prosecution
history, prior art and other claims, this is not the mode of claim interpretation to be applied during
examination. During examination, the claims must be interpreted as broadly as their terms reasonably
allow. In re American Academy of Science Tech Center, 367 F.3d 1359, 1369, 70 USPQ2d 1827, 1834
(Fed. Cir. 2004) (The USPTO uses a different standard for construing claims than that used by district
courts; during examination the USPTO must give claims their broadest reasonable interpretation in light
of the specification). This means that the words of the claim must be given their plain meaning unless
the plain meaning is inconsistent with the specification. In re Zletz, 893 F.2d 319, 321, 13 USPQ2d 1320,
1322 (Fed. Cir. 1989) (discussed below); Chef America, Inc. v. Lamb-Weston, Inc., 358 F.3d 1371, 1372,
69 USPQ2d 1857 (Fed. Cir. 2004).

The broadest reasonable interpretation of the claims enables the first interface, second

interface, and third interface in the claims to be interpreted as either different interfaces or as the same

interface, as long as the specification supports either interpretation (and hence why the word

“possibility” is used by the examiner).

As stated in the Final Rejection dated 10/15/2021, page 3, line 20, to page 4, line 9, the
specification of the present application fails “to describe a single embodiment in which the first
interface is a different device or object than the second interface”.

As also stated in the Final Rejection dated 10/15/2021, page 3, line 21 to page 4, line 9, the
specification does contain embodiments that reasonably enable the first interface and second interface
to be the same interface (in view of Fig. 2 and 9[0037]).

The examiner further notes that the present application is a Continuation (and not a

Continuation in Part) of US Patent Application No. 14/356,581 (now Patent No. 10,848,398) which fails
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to recite anywhere in its specification, including the claims and drawings, anything regarding a “first
interface” and “second interface”, much less these “first interface” and “second interface” being
different entities. Since the inclusion of new matter is improper in a Continuation, the evidence suggests
that the “first interface” and “second interface” are simply the same interface having different
nomenclature in the claims.

b) In page 6 of the response filed, applicant argues that because Claim 18 recites “at least two
interfaces within the first, second and third interfaces are the same interface”, it is improper to interpret
claim 1 as “reciting the same interface three times” (presumably supporting applicant’s argument that
the first interface, second interface, and third interface of claim 1 are different interfaces).

In response to argument (b), the examiner respectfully disagrees. 37 CFR 1.71 (c) recites that
“Claims in dependent form shall be construed to include all the limitations of the claim incorporated by
reference into the dependent claim”.

Assuming arguendo that in claim 1 all three interfaces were the same, that property would be
inherited by claim 18 because all the limitations of claim 1 must be included in claim 18. This would
create a bizarre scenario where claim 18 interprets both the first and second interfaces as being both
different and the same, at the same time.

In order for claim 18 to properly incorporate the limitations of claim 1, without triggering a 35

USC 112(d) rejection, the limitations of claim 1 must enable the possibility of the interfaces being

interpreted as the same interface. This enablement is what enables the present prior art rejection.
The fact that claim 1 also enables the_possibility that the interfaces could be different does not

preclude a rejection where the interfaces have been interpreted as being the same and, as detailed in

the response to argument (a), above, evidence in the application suggests giving that interpretation to

claim 1.
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Claim Rejections - 35 USC § 102
In the event the determination of the status of the application as subject to AIA 35 U.S.C. 102
and 103 (or as subject to pre-AIA 35 U.S.C. 102 and 103) is incorrect, any correction of the statutory
basis for the rejection will not be considered a new ground of rejection if the prior art relied upon, and
the rationale supporting the rejection, would be the same under either status.
The following is a quotation of the appropriate paragraphs of pre-AlA 35 U.S.C. 102 that form
the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country or in
public use or on sale in this country, more than one year prior to the date of application for patentin
the United States.

Claim(s) 1-4, 7-10, and 18 is/are rejected under pre-AIA 35 U.S.C. 102(b) as being anticipated by
Clark et al. (US 5970064 A, hereinafter Clark).

Regarding claim 1, Clark discloses a server (Fig. 2, a network controller 200) comprising:

a first interface coupled to a first communication unit (col. 12, lines 21-23, collecting information
from switches (the communication units); col. 10, lines 52-55, the information transmitted to the
network controller is from each switch (see also Fig. 7, each switch, including S2, transmits the
information, interface to receive the information inherent)),

the first interface receives a first set of collected data associated with a first network managed
by the first communication unit (col. 12, lines 21-23, collecting information from switches (the
communication units); col. 10, lines 52-55, the information transmitted to the network controller is from
each switch (see also Fig. 7, each switch, including S2, transmits the information); col. 1, line 67, to col.
2, line 3, each switch manages devices attached to the switch (i.e. a network local to the switch),

therefore, the collected information is associated to the network managed by each respective switch);
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a second interface coupled to a second communication unit (col. 12, lines 21-23, collecting
information from switches (the communication units); col. 10, lines 52-55, the information transmitted
to the network controller is from each switch (see also Fig. 7, each switch, including S5, transmits the
information, interface to receive the information inherent)),

the second interface receives a second set of collected data associated with a second network
managed by the second communication unit (col. 12, lines 21-23, collecting information from switches;
col. 10, lines 52-55, the information transmitted to the network controller is from each switch (see also
Fig. 7, each switch, including S5, transmits the information); col. 1, line 67, to col. 2, line 3, each switch
manages devices attached to the switch (i.e. a network local to the switch), therefore, the collected
information is associated to the network managed by each respective switch),

the second network being a different network than the first network (Fig. 2, switches S2 and S5
are different as they include different customer equipment devices (CEQs) attached to them);

a memory coupled to the first and second interfaces, the memory stores the first and second
sets of collected data (col. 12, lines 64-67, the information is "collected" by the network controller
(collection implies storage));

a processor coupled to the memory, the processor generates at least one policy based at least in
part on an analysis of the first and second sets of collected data (col. 12, lines 64-67, a policy is
generated from the collected information from each switch); and

a third interface coupled to the processor, the third interface transmits the at least one policy to
the first communication unit that makes a performance-related adjustment within the first network
based on the at least one policy (col. 12, lines 24-31, producing, as a result of the processing, at least
one policy to be implemented by the switches; col. 13, lines 6-10, the policies are distributed from the

network controller to the switches - interface to communicate the policy implied).
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Regarding claim 2, Clark discloses the server of claim 1 wherein the adjustment within the first
network is an implementation of an algorithm (col. 17, line 54-65, in response to receiving policy data,
selecting a decision table, based on a condition and quality of service information).

Regarding claim 3, Clark discloses the server of claim 1 where in the adjustment within the first
network is a change in a parameter value (col. 13, lines 33-50, and col. 14, lines 44-61, parameters used
by the switches to operate is evolved into new parameters).

Regarding claim 4, Clark discloses the server of claim 1 wherein the first communication unit
reduces interference in the second network based on an implementation of the at least one policy
within the first network (col. 12, lines 21-31, the new policies, when implemented by individual
switches, will result in "optimized traffic control operation of the network as a whole" (i.e. the network
of Fig. 2, which includes switches S1-S1 and thus the corresponding local networks, see col. 10, lines 8-
12); col. 6, line 42, to col. 7, line 11, admission control is used to prevent a new connection from
interfering with existing connections across the network).

Regarding claim 7, Clark discloses the server of claim 1 wherein the first and second sets of
collected data comprise historical data (col. 13, lines 35-60, " Each switch transmits across the network,
its current active policy data, optionally along with the corresponding current status data for each node
device, to the network controller [...] The status data may include service request parameters such as
the input call demand, i.e. the rate at which calls are arriving at each switch, both currently and
historically").

Regarding claim 8, Clark discloses the server of claim 1 wherein the processor: generates a first
control signal that is sent to the first communication unit at a first pre-defined time, the first control
signal comprising a first policy adjustment to the first network (col. 14, lines 56-61 "After a
predetermined optimization period, comprising a large number of passages through steps 1502-1506, or

when no further significant improvement in the population occurs from generation to generation, in
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step 1507 the selected strings form the basis of the new policy data transmitted to the switches"; col.
16, lines 42-43, "Periodically, the population of strings, representing new policy data is transmitted to
the switches in step 1507"); and

generates a second control signal that is sent to the second communication unit at a second pre-
defined time, the second control signal comprising a second policy adjustment to the second network
(col. 14, lines 56-61 "After a predetermined optimization period, comprising a large number of passages
through steps 1502-1506, or when no further significant improvement in the population occurs from
generation to generation, in step 1507 the selected strings form the basis of the new policy data
transmitted to the switches"; col. 16, lines 42-43, "Periodically, the population of strings, representing
new policy data is transmitted to the switches in step 1507").

Regarding claim 9, Clark discloses the server of claim 8 wherein the first pre-defined time and
the second pre-defined time are different (col. 16, lines 42-43, "Periodically, the population of strings,
representing new policy data is transmitted to the switches in step 1507").

Regarding claim 10, Clark discloses the server of claim 8 wherein the first policy adjustment and
the second policy adjustment are different (col. 16, lines 42-43, "Periodically, the population of strings,
representing new policy data is transmitted to the switches in step 1507").

Regarding claim 18, Clark discloses the server of claim 1 wherein at least two interfaces within
the first, second and third interfaces are the same interface (Fig. 2, a single interface (e.g. link from
controller to S1) is used).

Claim Rejections - 35 USC § 103

The following is a quotation of pre-AIA 35 U.S.C. 103(a) which forms the basis for all obviousness

rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102, if the differences between the subject matter sought to be patented and the
prior art are such that the subject matter as a whole would have been obvious at the time the
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invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

Claims 5-6 is/are rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable over Clark (US
5970064 A) in view of Jaszewski et al. (US 5933420 A, hereinafter Jaszewski ).

Regarding claim 5, Clark discloses the server of claim 4.

Clark does not disclose that the at least one policy adjusts channel transmission characteristics
of at least one wireless channel within the first network.

Jaszewski discloses at least one policy that adjusts channel transmission characteristics of at
least one wireless channel within the first network (col. 3, lines 33-35, nodes on a network may be
wireless access points; col. 5, lines 12-25, a network manager collects data pertaining to the wireless
access points and generates a policy (new set of channel assignments) for the access points that, when
implemented by the access points, results in the access points communicating with other devices
without interference).

Therefore, it would have been obvious to one of ordinary skill in the art at the time the
invention was made to modify Clark in view of Jaszewski so that the at least one policy adjusts channel
transmission characteristics of at least one wireless channel within the first network.

One of ordinary skill in the art would have been motivated because it would improve network
communications in wireless environments.

Regarding claim 6, the combined system of Clark and Jaszewski discloses the invention
substantially as applied to claim 5, above, wherein the channel transmission characteristics comprise a
modification to a transmission band across the at least one wireless channel within the first network
(Jaszewski, col. 5, lines 12-25, a network manager collects data pertaining to the wireless access points
and generates a policy (new set of channel assignments) for the access points; col. 1, lines 46-48,

channels encompass bands).
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Claims 11-14 is/are rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable over Clark (US
5970064 A) in view of Malik et al. (US 20090059872 A1, hereinafter Malik).

Regarding claim 11, Clark discloses the server of claim 1 wherein the first and second
communication units are access points (Fig. 2, the communication units are access points because they
connect customer equipment devices (and may be wireless, see col. 1, lines 16-18)).

Clark does not disclose that the access points are WI-Fl access points.

Malik discloses that access points may be WI-Fl access points (11[0017], access points may be WI-
Fl access points).

Therefore, it would have been obvious to one of ordinary skill in the art at the time the
invention was made to modify Clark in view of Malik for the access points to be WI-Fl access points.

One of ordinary skill in the art would have been motivated because well-known standards would
facilitate implementation of wireless networks.

Regarding claim 12, Clark discloses the server of claim 1.

Clark does not disclose that the first and second communication units are cellular base stations.

Malik discloses that first and second communication units may be cellular base stations (Fig. 1,
the access points provide connection to mobile user devices 160; 9[0018], user devices include mobile
telephones).

Therefore, it would have been obvious to one of ordinary skill in the art at the time the
invention was made to modify Clark in view of Malik so that the first and second communication units
are cellular base stations.

One of ordinary skill in the art would have been motivated because it would enable users with
commonly used devices to make use of the network.

Regarding claim 13, the combined system of Clark and Malik discloses the invention

substantially as applied to claim 12, above, wherein the first communication unit is a small cell base
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station (Malik, 91[0018], the mobile devices may be mobile telephones; 91[0019], the access points are for
local area networks (small networks)).

Regarding claim 14, Clark discloses the server of claim 1.

Clark does not disclose that the first and second sets of collected data comprise RSSI
measurements collected within the first and second networks.

Malik discloses that first and second sets of collected data comprise RSSI measurements
collected within the first and second networks (91[0028], collecting "signal strength indicators (RSSIs)
from different access points" to transmit a policy to the access points (see 9[0029]-[0030] and [0047])).

Therefore, it would have been obvious to one of ordinary skill in the art at the time the
invention was made to modify Clark in view of Malik so that the first and second sets of collected data
comprise RSSI measurements collected within the first and second networks.

One of ordinary skill in the art would have been motivated because it would improve the
connectivity of user devices when multiple access points are present.

Claim 15 is/are rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable over Clark (US
5970064 A) in view of Malik (US 20090059872 A1), as applied to claim 14, above, and further in view of
Roy et al. (US 2006/0187885 A1, hereinafter Roy).

Regarding claim 15, the combined system of Clark and Malik discloses the invention
substantially as applied to claim 14.

The combined system of Clark and Malik does not disclose that the at least one policy adjusts a
transmission rate of at least one channel within the first network.

Roy discloses that the at least one policy adjusts a transmission rate of at least one channel
within the first network (f][0061], a first station transmitting information to a second station, including a

parameter (RSSI or SNR) and receiving, from the second station, a rate command (policy) indicating a
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preferred rate; 9[0031], using an algorithm using the parameter (RSSI) and the preferred transmission
rate (received from the second station)).

Therefore, it would have been obvious to one of ordinary skill in the art at the time the
invention was made to modify the combined system of Clark and Malik in view of Roy so that the one or
more algorithms use the parameter.

One of ordinary skill in the art would have been motivated because it would allow adaptation on
networks with fading conditions (Roy, paragraph [0002])

Claim 16 is/are rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable over Clark (US
5970064 A) in view of Roy (US 2006/0187885 Al).

Regarding claim 16, Clark discloses the server of claim 1.

Clark does not disclose that the first and second sets of collected data comprise collected
measurements related to SNR across a plurality of wireless channels within the first and second
networks.

discloses that first and second sets of collected data comprise collected measurements related
to SNR across a plurality of wireless channels within the first and second networks (f[0061], a first
station transmitting information to a second station, including a parameter (RSSI or SNR) and receiving,
from the second station, a rate command (policy) indicating a preferred rate; 9[0031], using an
algorithm using the parameter (RSSI) and the preferred transmission rate (received from the second
station); 9[0023], adaptation is performed for each wireless channel).

Therefore, it would have been obvious to one of ordinary skill in the art at the time the
invention was made to modify Clark in view of Roy so that the first and second sets of collected data
comprise collected measurements related to SNR across a plurality of wireless channels within the first

and second networks.
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One of ordinary skill in the art would have been motivated because it would allow adaptation on
networks with fading conditions (Roy, paragraph [0002]).

Claim 17 is/are rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable over Clark (US
5970064 A) in view of Roy (US 2006/0187885 A1), as applied to claim 16, above, and further in view of
Raghothaman et al. (US 20100167771 Al, hereinafter Raghothaman).

Regarding claim 17, Clark discloses the server of claim 16.

The combined system of Clark and Roy does not disclose that the at least one policy adjusts a
transmission power level across a first wireless channel within the plurality of wireless channels.

Raghothaman discloses at least one policy adjusts a transmission power level across a first
wireless channel within the plurality of wireless channels (paragraph [0081], a first device determines a
transmission power to be used by an access point; 9[0076], providing power parameters to the access
point).

Therefore, it would have been obvious to one of ordinary skill in the art at the time the
invention was made to modify the combined system of Clark and Roy in view of Raghothaman so that
the at least one policy adjusts a transmission power level across a first wireless channel within the
plurality of wireless channels.

One of ordinary skill in the art would have been motivated because it would prevent
interference between competing access points (Raghothaman, implied, see paragraph [0072]).

Allowable Subject Matter

Claims 19-23 are allowed.
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Conclusion

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time policy as set forth
in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE MONTHS from
the mailing date of this action. In the event a first reply is filed within TWO MONTHS of the mailing date
of this final action and the advisory action is not mailed until after the end of the THREE-MONTH
shortened statutory period, then the shortened statutory period will expire on the date the advisory
action is mailed, and any extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing
date of the advisory action. In no event, however, will the statutory period for reply expire later than
SIX MONTHS from the mailing date of this final action.

Any inquiry concerning this communication or earlier communications from the examiner
should be directed to BORIS D GRIJALVA LOBOS whose telephone number is (571)272-0767. The
examiner can normally be reached M-F 10:30AM to 6:30PM EST.

Examiner interviews are available via telephone, in-person, and video conferencing using a
USPTO supplied web-based collaboration tool. To schedule an interview, applicant is encouraged to use
the USPTO Automated Interview Request (AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s supervisor,
Brian Gillis can be reached on 571-272-7952. The fax phone number for the organization where this
application or proceeding is assigned is 571-273-8300.

Information regarding the status of published or unpublished applications may be obtained from
Patent Center. Unpublished application information in Patent Center is available to registered users. To
file and manage patent submissions in Patent Center, visit: https://patentcenter.uspto.gov. Visit
https://www.uspto.gov/patents/apply/patent-center for more information about Patent Center and

https://www.uspto.gov/patents/docx for information about filing in DOCX format. For additional
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questions, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would like
assistance from a USPTO Customer Service Representative, call 800-786-9199 (IN USA OR CANADA) or

571-272-1000.

/BORIS D GRIJALVA LOBOS/
Primary Patent Examiner, Art Unit 2446
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HO4L 1/0019,20; 41/06,08-0806,0813-0836,085-
0859,0866-0869,50-5016,5035,5038; 43/04,08- 09/24/2022 BGL
0817,0876-10,16
HO4L 1/0019,20; 41/06,08-0806,0813-0836,085-
0859,0866-0869,50-5016,5035,5038; 43/04,08- 01/09/2023 BGL
0817,0876-10,16

/BORIS D GRIJALVA LOBOS/
Primary Patent Examiner, Art Unit 2446

U.S. Patent and Trademark Office

Page 3 of 3
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PE2E SEARCH - Search History (Prior Art)

Ref # Hits |search Query DBs Default Plurals British Time Stamp
Operator [Equivalents

L1 564700 (H04L1/00,0019,20 (US-PGPUB; USPAT; [OR ON ON 2022/09/24
HO04L7/00,0004 USOCR; FIT (AP, AT, 01:26 AM
H04L41/00,06,08- AU, BE, BG, BR, BY,
0806,0813-0836,085- CA, CH, CN, CS, CU,
0859,0866-0869,50- CZ, DD, DK, EA, EE,

5016,5035,5038 ES, FI, FR, GB, HR,
H04L43/00,04,08- HU, ID, IE, IL, IS, IT,
0817,0876-10,16 JP, KR, LT, LU, LV,
H04L47/00,10,11,12,28,|MA, MC, MD, MY, NL,
29,32).cpc. NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
S|, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L2 18005156 |((broadcast$3 (US-PGPUB; USPAT; [OR ON ON 2022/09/24
disseminat$3 publish$3 |USOCR; FIT (AP, AT, 09:06 PM
provid$3 send$3 sent  [AU, BE, BG, BR, BY,
relay$3 transmit$4 CA,CH, CN, CS, CU,
forward$3 push$3 CZ, DD, DK, EA, EE,
deliver$3 dispatch$3 ES, FI, FR, GB, HR,
convey$3 HU, ID, IE, IL, IS, IT,
communicat$3 receiv$3 [JP, KR, LT, LU, LV,
obtain$3) near5 MA, MC, MD, MY, NL,

(parameters values NO, NZ, PH, PL, PT,

adjustmenty) RO, RS, RU, SE, SG,
SI, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L4 131963 (parameters values (US-PGPUB; USPAT; |OR ON ON 2022/09/24
metrics) near10 USOCR; FIT (AP, AT, 09:08 PM
(performance near5 AU, BE, BG, BR, BY,

(threshold degrad$3 CA,CH, CN, CS, CU,

decreas$3 drop$4 CZ, DD, DK, EA, EE,

maximum minimum)) ES, Fl, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
SI, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L5 18193986 |(adjust$3 modif$7 (US-PGPUB; USPAT; |OR ON ON 2022/09/24
chang$3 edit$4 USOCR; FIT (AP, AT, 09:10 PM
control$4 adapt$3 AU, BE, BG, BR, BY,
regulat$3 fine-tun$3 CA, CH, CN, CS, CU,

(fine near1 tun$3) CZ, DD, DK, EA, EE,

finetun$3 alter$3 ES, FI, FR, GB, HR,

rectif$4) near5 HU, ID, IE, IL, IS, IT,
01/10/2023 12:38:56 AM Page 1 of 6
Workspace: 17102099 BG
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L6 63720

L7 3815

L8 1131

L9 4863868

(parameters value
metrics performance)

2 AND 4 AND 5

6 AND 1

7 AND
@AD<="20111110"

(first AND (third second
additional)) near6
(parameters values
metrics)

JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, Nz, PH, PL, PT,
RO, RS, RU, SE, §G,
Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA,CH,CN, CSs, CU,
CZ,DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, §G,
Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA,CH,CN,CS, CU,
CZ, DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, SK, 8U, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA,CH,CN,CS, CU,
CZ,DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, 8K, 8U, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,

CA,CH,CN, CS, CU,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2022/09/24
09:11 PM

2022/09/24
09:11 PM

2022/09/24
09:13 PM

2022/09/24
09:15 PM

01/10/2023 12:38:56 AM
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CZ, DD, DK, EA, EE,
ES, Fl, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
SI, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)
L10 447 8 AND 9 (US-PGPUB; USPAT; |OR ON ON 2022/09/24
USOCR; FIT (AP, AT, 09:15 PM
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ,DD, DK, EA, EE,
ES, Fl, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, Nz, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT,; IBM_TDB)

L14 4 ("20050190868" OR (US-PGPUB; USPAT) [OR ON ON 2023/01/09
"20140269269" OR 10:58 PM
"20150172216" OR
"20150326455").pn.

L15 588308 (H04L1/00,0019,20 (US-PGPUB; USPAT; [OR ON ON 2023/01/09
H04L7/00,0004 USOCR; FIT (AP, AT, 11:01 PM
H04L41/00,06,08- AU, BE, BG, BR, BY,
0806,0813-0836,085- |CA, CH, CN, CS, CU,
0859,0866-0869,50- CZ, DD, DK, EA, EE,

5016,5035,5038 ES, Fl, FR, GB, HR,
H04L43/00,04,08- HU, ID, IE, IL, IS, IT,
0817,0876-10,16 JP, KR, LT, LU, LV,
H04L47/00,10,11,12,28,[MA, MC, MD, MY, NL,
29,32).cpc. NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L16 18663680 |((broadcast$3 (US-PGPUB; USPAT; |OR ON ON 2023/01/09
disseminat$3 publish$3 |USOCR; FIT (AP, AT, 11:01 PM
provid$3 send$3 sent  [AU, BE, BG, BR, BY,
relay$3 transmit$4 CA, CH, CN, CS, CU,
forward$3 push$3 CZ,DD, DK, EA, EE,
deliver$3 dispatch$3 ES, FI, FR, GB, HR,
convey$3 HU, ID, IE, IL, IS, IT,
communicat$3 receiv$3 [JP, KR, LT, LU, LV,
obtain$3) near5 MA, MC, MD, MY, NL,

(parameters values NO, NZ, PH, PL, PT,
adjustment)) RO, RS, RU, SE, SG,
Sl, SK, SU, TH, TN, TR,
01/10/2023 12:38:56 AM Page 3 of 6
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TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L17 137696 (parameters values (US-PGPUB; USPAT; |[OR ON ON 2023/01/09
metrics) near10 USOCR; FIT (AP, AT, 11:01 PM
(performance near5 AU, BE, BG, BR, BY,
(threshold degrad$3 CA, CH, CN, CS, CU,
decreas$3 drop$4 CZ, DD, DK, EA, EE,
maximum minimum)) ES, Fl, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,

MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
S|, SK, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L18 18808165 |(adjust$3 modif$7 (US-PGPUB; USPAT; |OR ON ON 2023/01/09

chang$3 edit$4 USOCR; FIT (AP, AT, 11:01 PM
control$4 adapt$3 AU, BE, BG, BR, BY,
regulat$3 fine-tun$3 CA, CH, CN, CS, CU,
(fine near1 tun$3) CZ, DD, DK, EA, EE,
finetun$3 alter$3 ES, FI, FR, GB, HR,
rectif$4) near5 HU, ID, IE, IL, IS, IT,
(parameters value JP, KR, LT, LU, LV,

metrics performance) MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPC;
DERWENT; IBM_TDB)

L19 66662 2AND 4 AND 5 (US-PGPUB; USPAT; |OR ON ON 2023/01/09
USOCR; FIT (AP, AT, 11:01 PM
AU, BE, BG, BR, BY,
CA,CH,CN,CS, CU,
CZ,DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,

MA, MC, MD, MY, NL,
NO, Nz, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, SK, 8U, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

L20 3955 6 AND 1 (US-PGPUB; USPAT; [OR ON ON 2023/01/09
USOCR; FIT (AP, AT, 11:01 PM
AU, BE, BG, BR, BY,
CA,CH,CN,CS, CU,
CZ, DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
01/10/2023 12:38:56 AM Page 4 of 8
Workspace: 17102099 BG

Charter Communications, Inc.
Exhibit 1006
Page #193



L21 1142

L22 5087541

L23 453

L24 4

L25 1

7 AND
@AD<="20111110"

(first AND (third second
additional)) near6
(parameters values
metrics)

8 AND 9

("20050190868" OR
"20140269269" OR
"20150172216" OR
"20150326455").pn.

"17102099"

NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, 8K, 8U, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ,DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, §G,
Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA,CH, CN, Cs, CU,
CZ, DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, 8K, SU, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA,CH,CN, CsS, CU,
CZ, DD, DK, EA, EE,
ES, FI, FR, GB, HR,
HU, ID, IE, IL, IS, IT,
JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, PH, PL, PT,
RO, RS, RU, SE, SG,
Sl, SK, 8U, TH, TN, TR,
TW, UA, VN, WO);
FPRS; EPO; JPO;
DERWENT; IBM_TDB)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2023/01/09
11:01 PM

2023/01/09
11:01 PM

2023/01/09
11:01 PM

2023/01/09
11:01 PM

2023/01/09

01/10/2023 12:38:57 AM
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11:56 PM

L26 1 "10848398".pn. (US-PGPUB; USPAT) [OR ON ON 2023/01/09
11:58 PM

PE2E SEARCH - Search History (Interference)

Ref # Hits Search Query DBs Default Plurals ritish Time Stamp
Operator quivalents
N1 94901 (HO04L1/0019,20 (US-PGPUB; USPAT) |OR ON ON 2022/09/24
HO04L41/06,08- 10:13 PM

0806,0813-0836,085-
0859,0866-0869,50-
5016,5035,5038
H04L43/04,08-
0817,0876-10,16).cpc.

N2 42717 ((detect$3 determin$3 [(US-PGPUB; USPAT) |OR ON ON 2022/09/24
identif$7 observ$3 10:13 PM
encounter$3 recogniz$3
diagnos$3
diagnostic$6) near5
noise).clm.

N3 232800 ((broadcast$3 (US-PGPUB; USPAT) |OR ON ON 2022/09/24
disseminat$3 publish$3 10:13 PM
provid$3 send$3 sent
relay$3 transmit$4
forward$3 push$3
deliver$3 dispatch$3
convey$3
communicat$3 receiv$3
obtain$3) near5 (policy

configuration
algorithm)).clm.
N4 133 (rhee near1 (US-PGPUB; USPAT) [OR ON ON 2022/09/24
wonjong).in. 10:14 PM
N5 73 1AND 4 (US-PGPUB; USPAT) [OR ON ON 2022/09/24
10:14 PM
N6 1 5AND 2 AND 3 (US-PGPUB; USPAT) [OR ON ON 2022/09/24
10:14 PM
N7 50 1AND 2 AND 3 (US-PGPUB; USPAT) [OR ON ON 2022/09/24
10:15 PM
N8 166 assia.as. assia.aanm. [(US-PGPUB; USPAT) |OR ON ON 2022/09/24
10:16 PM
N9 1 7 AND 8 (US-PGPUB; USPAT) [OR ON ON 2022/09/24
10:16 PM
N10 3 (2 AND 3) AND (4 8) (US-PGPUB; USPAT) [OR ON ON 2022/09/24
10:17 PM
N11 185 (adaptive near1 (US-PGPUB; USPAT) [OR ON ON 2022/09/24
spectrum).as. (adaptive 10:18 PM
near1 spectrum).aanm.
N12 4 (2 AND 3) AND (4 8 11) [(US-PGPUB; USPAT) |OR ON ON 2022/09/24
10:18 PM
01/10/2023 12:38:57 AM Page 6 of 6
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Approved for use through 07/31/2012. OMB 0651-0031
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required to respond to a collection of information unless it contains a valid OMB control number.

Complete if Known

Under the Paperwork Reduction Act of 1995, no persons ar:
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Receipt date: 10/28/2022

Privacy Act Statement

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

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

1.

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

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

A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Wonjong Rhee
Application No.: 17/102,099

Filed: November 23, 2020

For: METHOD, APPARATUS, AND SYSTEM FOR

OPTIMIZING PERFORMANCE OF A COMMUNICATION
UNIT BY A REMOTE SERVER

Examiner: Grijalva Lobos, Boris D.

Art Group: 2446
Confirmation No.: 1038

Docket No.: 20145-054USC

CERTIFICATE OF MAILING (37 CFR §1.8)

I hereby certify, pursuant to 37 CFR §1.8, that this correspondence is being electronically
transmitted to the United States Patent and Trademark Office via EFS-Web addressed to: Mail
Stop Amendment, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450, on

the date shown below:

Dated: December 28, 2022 By:

/Domarina Alkhas/

Domarina Alkhas

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

RESPONSE TO NON-FINAL OFFICE ACTION

Examiner Grijalva Lobos:

This Amendment is in response to the Non-Final Office Action dated September 29, 2022
and having a shortened statutory response period expiring December 29, 2022. Accordingly, this

paper is timely filed. Applicant respectfully request further examination and reconsideration in

view of the amendments and remarks set forth below.

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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AMENDMENTS TO THE CLAIMS

This listing of claims will replace all prior versions and listings of claims in the

application:

Listing of the Claims:

1. (Previously presented) A server comprising:

a first interface coupled to a first communication unit, the first interface receives a
first set of collected data associated with a first network managed by the first
communication unit;

a second interface coupled to a second communication unit, the second interface
receives a second set of collected data associated with a second network
managed by the second communication unit, the second network being a
different network than the first network;

a memory coupled to the first and second interfaces, the memory stores the first and
second sets of collected data;

a processor coupled to the memory, the processor generates at least one policy based
at least in part on an analysis of the first and second sets of collected data; and

a third interface coupled to the processor, the third interface transmits the at least one
policy to the first communication unit that makes a performance-related

adjustment within the first network based on the at least one policy.

2. (Previously presented)  The server of claim 1 wherein the adjustment within the first

network is an implementation of an algorithm.

3. (Previously presented)  The server of claim 1 where in the adjustment within the first

network is a change in a parameter value.
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4. (Previously presented)  The server of claim 1 wherein the first communication unit reduces
interference in the second network based on an implementation of the at least one policy

within the first network.

5. (Previously presented)  The server of claim 4 wherein the at least one policy adjusts

channel transmission characteristics of at least one wireless channel within the first network.

6. (Previously presented) The server of claim 5 wherein the channel (ransmission
characteristics comprise a modification to a transmission band across the at least one

wireless channel within the first network.

7. (Previously presented)  The server of claim 1 wherein the first and second sets of collected

data comprise historical data.

8. (Previously presented)  The server of claim 1 wherein the processor:
generates a first control signal that is sent to the first communication unit at a first
pre-defined time, the first control signal comprising a first policy adjustment
to the first network; and
generates a second control signal that is sent to the second communication unit at a
second pre-defined time, the second control signal comprising a second policy

adjustment to the second network.

9. (Previously presented)  The server of claim 8 wherein the first pre-defined time and the

second pre-defined time are different.

10. (Previously presented)  The server of claim 8 wherein the first policy adjustment and the

second policy adjustment are different.
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11

12

13

14

15

16

17

18

19

. (Previously presented)  The server of claim 1 wherein the first and second communication

units are Wi-Fi access points.

. (Previously presented)  The server of claim 1 wherein the first and second communication

units are cellular base stations.

. (Previously presented)  The server of claim 12 wherein the first communication unit is a

small cell base station.

. (Previously presented)  The server of claim 1 wherein the first and second sets of collected

data comprise RSSI measurements collected within the first and second networks.

. (Previously presented)  The server of claim 14 wherein the at least one policy adjusts a

transmission rate of at least one channel within the first network.

. (Previously presented)  The server of claim 1 wherein the first and second sets of collected
data comprise collected measurements related to SNR across a plurality of wireless channels

within the first and second networks.

. (Previously presented)  The server of claim 16 wherein the at least one policy adjusts a
transmission power level across a first wireless channel within the plurality of wireless

channels.

. (Previously presented)  The server of claim 1 wherein at least two interfaces within the

first, second and third interfaces are the same interface.

. (Previously presented) A method for managing a plurality of networks, the method
comprising:

receiving, by a server, from network monitoring devices that monitor data associated
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with an operation of two or more communication units located in at least two
networks within the plurality of networks, the data comprising a parameter;

processing, by the server, the received data;

based on the processed data, determining a policy for at least one of the two or more
communication units; and

in response to the server detecting a degradation of network performance in at least
one network within the plurality of networks, communicating the policy to at
least one or more communication units that implement one or more algorithms
that use the parameter and at least one rule or one condition for the one or
more communication units to improve a performance of the one or more

communication units.

20. (Original) The method of claim 19 wherein determining the policy comprises selecting the
policy from a set of policies that are stored on the one or more communication units and
wherein the communicated policy updates the one or more algorithms implemented on the

one or more communication units.

21. (Original) The method of claim 19 wherein the one or more communication units comprise a

Wi-Fi access point.

22. (Original) The method of claim 19 wherein the one or more communication units comprise a

cellular base station.

23. (Original) The method of claim 19 wherein the at least one rule or one condition comprises

an adjustment to a wireless transmission band within the plurality of networks.

9]
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REMARKS
Claims 1-23 were presented for examination and are pending in this patent application.
In the Office Action, claims 1-18 were rejected, and claims 19-23 were allowed. No claims are
amended herein. On the basis of the following remarks, reconsideration and allowance of all
pending claims is respectfully requested. For purposes of brevity, Applicant does not repeat
herein arguments made in prior responses, which arguments are hereby incorporated by

reference in their entirety and preserved for use on appeal.

I.  Re: Response to Arguments

In the Office Action, the Examiner makes another attempt to rebut Applicant’s argument
that there is no logical reason why a person of ordinary skill in the art would believe that
applicant has enumerated three separate interfaces in the same claim just to claim the same
interface three times. The Examiner now alleges that Appellant’s argument is “moot in light of
applicant’s own admission: ‘claim 1 is ‘broad enough’ to include same interfaces [ ... ] this is
exactly how the person of skill in the art familiar with the cannons of claim interpretation would
interpret claims 1 and 18.”” Office Action, p. 2-3 (citing to Applicant arguments, p. 8).

However, the interpretation is fatally flawed as it misquotes Applicant’s argument and
then misconstrues it as an admission of something that does not exist. First, the recited quotation
leaves out the important qualifier that “claim 1 is broad enough to encompass the possibility of
the first, second, and third (that is, all three) interfaces to be the same.” Second, the

interpretation completely ignores Applicant’s actual argument, i.e., that an improper broadening

of claim 1 “would ignore the fact that in claim 1 the interfaces are different.”” Id. (emphasis
added).

In the Office Action, the Examiner emphasizes that claim 18 was not rejected as being
“broader than claim 1.” Office Action, p. 5. In other words, the Examiner admits that claim 1 is

broader than claim 18. Claim 18 requires “at least two interfaces within the first, second and

third interfaces are the same interface.” Applicant respectfully notes, because claim 1, which has

to be broader than claim 18, thus, cannot have two interfaces that are the same interface. This

implies that claim 1 cannot have any interfaces that are the same. In other words, if any two
same interfaces in claim 1 could be interpreted as the same, this would be equal what claim 18
requires, thus, making the claim scopes of claim 1 and 18 identical, thus, triggering a rejection

under 35 U.S.C. § 112(d). Stated differently, the mere fact that claim 18 requires “at least two
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interfaces within the first, second and third interfaces are the same interface” precludes an
interpretation of claim 1, from which claim 18 depends, as requiring two (or, as the Examiner
implies, three) same interfaces. Therefore, an interpretation of claim 1 as reciting the same
interface three times is unreasonable and, thus, improper.

Further, Applicant notes that a person of ordinary skill in the art would have no reason to
believe that the plain meaning of claim 1 requiring first, second and third interfaces is
“inconsistent with the specification,” especially since claim 18 is part of “the specification.”

Overall, because the entire rejection of the claims 1-4, 7-10, and 18 under 35 U.S.C. §
102 is based on a flawed claim interpretation, the rejection should be withdrawn. For reasons
previously stated, Applicant respectfully requests that the rejections under 35 U.S.C. § 103 also
be withdrawn and that all pending claims 1-23 be allowed.

II. Conclusion

Applicant notes that at least some of the claims include additional claim elements that are
missing from the cited documents; however, additional reasons and responses to additional
rejections for the independent and dependent claims are not presented in order to avoid
unnecessary and/or cumulative arguments. Applicant reserves the right to challenge any
assertions made by the Examiner in the Office Action that are not herein addressed, including but
not limited to, the right to challenge that one or more of the cited documents were valid
references. It is noted that the absence of any discussion about one or more of the rejections is in
no way an acceptance by acquiescence by the Applicant.

The Commissioner is hereby authorized to charge any fees which may be due, and to
credit any overpayment of fees, to Deposit Account No. 50-2776.

Should the Examiner believe that a telephone conference would expedite the prosecution
of this application, the undersigned can be reached at 650-353-3786.

Respectfully submitted,

Date: December 28, 2022 By:__ /Ali Uyanik /
Ali Uyanik
Reg. No. 67,080

NORTH WEBER & BAUGH LLP
2251 Grant Road, Suite H

Los Altos, CA 94024

Tel.: (650) 353-3786

Fax: (650) 856-0542

auyanik @northweber.com
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PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Appl. No. o 17/102,099 Confirmation No. : 1038

Inventor . Wonjong Rhee

Filing Date . 11-23-2020

Title . METHOD, APPARATUS, AND SYSTEM FOR OPTIMIZING
PERFORMANCE OF A COMMUNICATION UNIT BY A REMOTE
SERVER

Art Unit . 2446

Examiner . GRIJALVA LOBOS, BORIS D

Docket No. . 20145-054USC

Customer No. : 146571

CERTIFICATE OF MAILING (37 CFR §1.8)

I hereby certify, pursuant to 37 CFR §1.8, that this correspondence is being electronically transmitted via EFS-Web
addressed to Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450, on the date shown below:

Date:  October 27, 2022 By: /Domarina Alkhas/
Domarina Alkhas

INFORMATION DISCLOSURE STATEMENT

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

Dear Examiner Grijalva Lobos:

Filed herewith, in accordance with the provisions of 37 CFR §§ 1.56 and 1.97-1.98, listing
various references for consideration by the Examiner, is an Information Disclosure Statement

(“IDS™).

The filing of this IDS shall not be construed as a representation that a search has been
made, or regarding the completeness of the list of references, or that no other material information
exists. Furthermore, the filing of this IDS shall not be construed as a representation that inclusion
of a reference in this list is an admission that it is prior art or is pertinent to this application, or as
an admission that the information listed is, or may be considered to be, material to the patentability
of the above referenced application. The filing of this IDS shall not be construed in any manner as

an admission against interest.

Charter Communications, Inc.

Exhibit 1006
Page #223



PATENT

This IDS is being filed:

]

I

within three months of the filing date of a national application, other than a
continued prosecution application under § 1.53(d);

within three months of the date of entry of the national stage as set forth in § 1.491
in an international application;

before the mailing of a first Office Action on the merits;

before the mailing of a first Office Action after the filing of a request for continued
examination under § 1.114;

after three months of the filing date or entry into the national stage or after the
mailing of a first Office action on the merits, but before the mailing date of any
final action under § 1.113, a notice of allowance under §1.311, or an action that
otherwise closes prosecution in the application;

AND
] enclosed herein is the fee set forth in 37 CFR § 1.17(p);
OR
X Applicant certifies pursuant to 37 CFR § 1.97(e):

X That each item of information contained in the information
disclosure statement was first 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 disclosure statement;

OR

] That no item of information contained in this information
disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application,
and, to the knowledge of the person signing this certification
after making reasonable inquiry, no item of information
contained in the information disclosure statement was
known to any individual designated in § 1.56(c) more than
three months prior to the filing of this information disclosure
statement.

on or before the payment of the issue fee but after the mailing of a final action under
§ 1.113, a notice of allowance under §1.311, or an action that otherwise closes
prosecution in the application;

AND

] enclosed herein is the fee set forth in 37 CFR § 1.17(p);
AND

] Applicant certifies pursuant to 37 CFR § 1.97(e):
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That each item of information contained in the information
disclosure statement was first 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 disclosure statement;

That no item of information contained in this information
disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application,
and, to the knowledge of the person signing this certification
after making reasonable inquiry, no item of information
contained in the information disclosure statement was
known to any individual designated in § 1.56(c) more than
three months prior to the filing of this information disclosure
statement.

= Applicant submits that the enclosed Information Disclosure Statement is timely;
therefore, no fee is required.

X Except as provided for under 37 CFR § 1.98(a)(2), Applicant has enclosed a copy
of each listed reference.

] Pursuant to 37 CFR § 1.704(d), Applicant certifies that each of the references cited
herein were first cited in a communication from a foreign patent office in a
counterpart application and that this communication was not received by any
individual designated in 37 CFR § 1.56(c) more than thirty days prior to the filing
of this Information Disclosure Statement.

Consideration of the listed references and favorable action are requested. If any additional

fees are due in connection with the filing of this Information Disclosure Statement, the

Commissioner is hereby authorized to charge such fees to Deposit Account 50-2776.

Date:

October 27, 2022

Respectfully submitted,

By:  /Michael V. North/
Michael V. North

Reg. No. 46,963
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SYSTEMS AND METHODS FOR TRAFFIC AGGREGATION ON
MULTIPLE WAN BACKHAULS AND MULTIPLE DISTINCT LAN
RNETWORKS

COPYRIGHY NOTICE

{0801] A portion of the disclosure of this patent document contains material
which is subject to copyright protection. The copyright owner has no objection to
the facsimile reproduction by anyone of the patent document or the patent
disclosure, as it appears in the Patent and Trademark Office patent file or records,

but otherwise reserves all copyright rights whatsoever.

TECHNICAL FIELD

{0002] The subject matter described herein relates generally to the field of
computing, and more particularly, to svstems and methods for traffic aggregation on
multiple WAN backhauls and multiple distinct LAN networks; to systems and
methods for traffic load balancing on multiple WAN backhanls and multiple distinet
LAN networks; and to systems and methods for performing self-healing operations

utilizing multiple WAN backhauls serving multiple distinct LAN networks.

BACKGROUND

{00031 The subject matter discussed in the background section should not
be assumed to be prior art merely as a result of its mention in the background
section. Similarly, a problem mentioned in the background section or associated
with the subject matter of the background scction should not be assumed to have
been previcusly recognized in the pror art. The subject matier in the background
section merely represents differeat approaches, which in and of themselves may also
correspond to embodiments of the claimed subject matier.

{8084} The "Intermet” is a Wide Arca Netwaork that joins together many
other networks, providing a communications path between devices operating within

distinct and often geographically dispersed networks, A Local Arca Network (LAN)
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enables multiple distinct devices within an end-user's premises {0 communicate
amongst themselves locally. Home LAN technologies include wired Ethernet, WiFi,
power line, coax, phonehine and other transmission systems. An end-user’s LAN is
often connected o the Internet via a WAN backhaud connection to an Internet
Service Provider (ISP} that provides the end-user consumer with Intemet
counectivity and Internet Bandwidth. WAN backhaul technologies include DSL,
cable moders, fiber, and wireless. Devices within the end-user’s LAN may
communicate with devices external to the LAN over the WAN backhau! connection
provided by the end-user's ISP

{00065] Traditionally, the WAN is controlled, managed and maintained by
service providers, such as Internet Service Providers, Telecommunications
Operators, ctc. Conversely, a LAN is tvpically managed and maintained at a
customer's premises by end uscrs/customers, which may be residential users or
commercial/business custoraers. Moreover, operators and service providers
typically refrain from addressing any LAN related problems, notwithstanding the
fact that, at times, some problems and issues exhibited via the LAN may be related
to WAN configurations and settings. Opportunities for enbanced maanagement of the
LAN to WAN jaterfaces may benefit LANs, LAN devices, and end-to-end service
delivery. However, such enhanced management opportunitics have not yet been
made available to the relevant consuraing public and bave ot yet been explored in
carnest by relevaat Service Providers.

{0806] The present state of the art may thercfore benefit from systems and
methods for traffic aggregation on multiple WAN backhauls and multiple distinct
LAN networks; svstems and methods for traffic load balancing on maltiple WAN
backhauls and multiple distinet LAN networks; and systems and methods for
performing self-healing operations uiilizing multiple WAN backhauls serving

multiple distinct LAN networks, cach of which are described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

{0097] Embodiments are illustrated by way of example, and not by way of
limitation, and will be more fully understood with reference to the following
detatled description when considered in conaection with the figeres in which:

~
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{00681 Figure 1 illustrates an exemplary architeciure in which
embodiments may operate;

{0989] Figures 24, 2B, 2C, 2D, 2E, 2F, 26, and 2H illustraic altemative
exemplary architectures in which embodiments may operate;

{0816 Figures 34, 3B, 3C, 30, and JK lustrate alternative exeraplary
architectures in which embodiments may operate;

{0913} Figures 44, 4B, 4C, 4D, 4K, 4F, and 4G illustrate altemative
exemplary architectures in wluch embodiments may operate;

{0012] Figures 3A and 5B show diagramunatic representations of systems
in accordance with which embodiments may operate, be mstalled, integrated, or
configured;

{0013] Figures 6A, 6B, and 6C are flow diagrams illustrating methods for
traffic aggregation, methods for traffic load balancing, and methods for performing
self-healing in accordance with described embodimenis; and

{D014] Figure 7 illustraics a diagrammatic representation of a machine

the exemplary form of a computer system, in accordance with one embodiment.

DETAILED BESCRIPTION

{0815] Diescnibed herein are systems and methods for traffic aggregation on
mudtiple WAN backhauols and multiple distingt LAN networks, systems and
methods for traffic load balancing on multiple WAN backhaals and multiple distinet
LAN networks; and systeras and methods for performing self-healing operations
utilizing multiple WAN backhauls serving multiple distinct LAN networks.

{6816] Demand for data traffic is bursty, with frequent large changes in
traffic. Demand for streamuing services such as video can also vary substantially as
sessions come and go, such as when turning a TV on and off. Moreover, the supply
of bandwidth can vary considerably, with different LAN connections such as
wireless proving different bit rates, and different WAN connections such as
broadband access backhaul also providing different bit rates. It is often the case that
when one line is heavily loaded, an adjacent line is lightlv loaded. Traffic
aggregation takes advaatage of this, statistically smoothing demand and supply by
pooling multiple users together into a single logically created connection.

3
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{00171 LAN/WAN bonding solutions heretofore have been fimited to
specific pre-determined implementations. The traffic aggregation meecharisms
disclosed herein are more dynamic in natare and allow for combiaing traffic across
different WAN backhaels and LAN networks in an adaptive fashion. Traffic
aggregation might inclade, among other things, techniques such as packet
reordering, classification by packet type {control or data), etc. Trafflic can also be
aggregated across devices in different subnets, networks being serviced by different
service providers, efe. Certain traffic aggregation mechanisms do not differentiate
incoming traffic on the basis of traffic flows, so that resources are allocated to the
whole sct of flows. There are also traffic aggregation mechanisms that do not treat
all incoming traffic as the same and cach flow can be allocated its own dedicated
resources. Any traffic handling scheme presents different reguirements in terms of
link capacity and also has its own sensitivity to changes in the traffic load offered to
the network. This saterdependency between the performance of traffic aggregation
schernes and link status (capacity, offered load, flow characteristics, ¢ic.) is present
rogardliess of whether aggregation is performed by aggregating traffic over a single
coanection of by switching ot routing pbysically or logically distinct traffic sources
and sinks over different connections, and in both cases requires to adapt
configuration to the specific scenario at hand. Traffic aggregation is thus more
adaptive and may be adapted to suit the sitvation at hand where as bonding lends to
be more siatic.

{0018] For example. in one embodiment, a first Local Area Network (LAN)
access device 1s to establish a first LAN; a sccond LAN access device is to establish
a second LAN; a first Wide Area Network (WAN) backhaul connection is {o
provide the first LAN access device with WAN cornectivity; a sccond WARN
backhaul connection is to provide the second LAN access device with WAN
connectivity; and a traffic aggregation unit is to form a logically bonded WAN
interface over the first WAN backhaul and the second WAN backhaul. In some
cembodiments an optional traffic de-aggregation unit may be used.

{00191 In another embodiment, a first Local Arca Network (LAN) access
device is to establish a first LAN, a second LAN access device is to establish a
second LAN; a first Wide Area Network (WAN) backhaul connection is to provide

4
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the first LAN access device with WAN connectivity; a second WAN backbaul
counection to provide the second LAN access device with WAN connectivity; a
management device is communicatively interfaced with each of the first LAN
aceess device, the second LAN access device, the firsi WAN backhaul connection,
and the second WAN backhaul connection; and the management device routes a
first portion of traffic originating from the first LAN over the first WAN backhaul
connection and routes a second portion of the traffic originating from the first LAN
over the second WAN backhaul connection.

{08281 In another embodiment, a first Local Area Network (LAN) access
device is to establish a first LAN; a second LAN access device is to estabhish a
second LAN; a first Wide Area Network (WAN) backhaul connection is to provide

a second WAN backhaul

the first LAN access device with WAN connectivity;
connection is to provide the second LAN access deovice with WAN connectivity; a
management device is communicatively interfaced with cach of the first LAN
access device, the second LAN access device, the first WAN backhanl connection,
and the sccond WAN backhau! connection; and the management device, responsive
to a failure event, re-rouies traffic associated with the first LAN osto the second
WAN backhaul connection or re-routes traffic associated with the second LAN onto
the first WAN backhaul connection.

{6021] In accordance with embodiments described herein, end-user
consumers, including residential consurers and business consumers, may connet
{0 the Taternet by way of a Wide Area Network (WAN) backhaui connection to a
Service Provider (SP), such as an Internet Service Provider (ISP), or 1o a Service
Provider that provides one or more of data connectivity, voice connectivity, video
connectivity, and mobile device connectivity to a plurality of subscribers. Such
Service Providers may inchlade a Digital Subseriber Line (BSL) mternet service
provider which provides its subscribing end-users with Internet bandwidth at least
partially over copper twisted pair telephone lines, such as that conventionally
utilized to canry analog telephone service {c.g., Plain Old Telephone Serviee
{(POTS), a coaxial cable internet service provider which provides end-users with
Intermet bandwidth at least partially over coaxial cable, such as that conventionally

"

utilized to carty "cable” television signals; or a fiber optics 1nternet service provider

s
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which provides end-users with Internet bandwidih at over fiber optic cable that
terrainales at a customer's premises. Other varianis exist as well, such as ISPs wiuch
provide Iniernet bandwidth as an analeg signal over an analog telephone based
conrection, ISPs that provide Internet bandwidth over a one-way or two-way
satellite connection, and ISPs that provide Infernct bandwidth at least partially over
power lines, such as power hines conventionally utilized to transmit utility power
(e.g.. clectricity ) to an end-user's premises, or ISPs that provide Iniernet bandwidth
at least partially over wireless channels, such as wireless (e.g., WiFi) connectivity at
hotspots, or mobile data connectivity via technologics and standards such as
WiMax, 3G/4G, LTE, etc.

{0822] At an end~user's premises, Internet bandwidth and other compatible
services provided via a WAN backhaul connection to an ISP is commonly
distributed amongst multiple devices within the end-user's premises via a Local
Area Network (LAN), which may be established via a LAN device. Distribution of
the Internet Bandwidth and other seovices provided via the WAN backhaul may
further extend to an arca around an end-user’s premises, such as o an area outside a
home, 1o a space or area cutside of or around a business in which the Intemet
Bandwidth is accessible via the end-user’s LAN wirslessly. At the end-user's
premiges, network traffic may be distributed within the LAN via wired connections
or wireless connections, for example, over coaxial wiring, clectrical power wiring,
twisted-pair telephone wiring, varianis of Ethernet/Category-3 tvpe wiring, and
various types of wireless radio signals using licensed and onlicensed spectrum and
various protocols. In accordance with one embodiment, access to Internet bandwidth
and other services provided by the WAN backhaul may be secured.

{0623] Some network traffic associated with the end-user's promises
remains local to the LAN, while other traffic destined for locations external to the
LAN traverse the LAN onto the WAN interface and onto the Internet via the WAN
backhaul.

{0624] Besides network traffic traversing the WAN and LAN neotworks and

interfaces, various types of information is available, retrievable, or observable from

each of the distinet WAN and LAN networks. The management device described
herein may colloct mformation collected from the WAN and LAN networks via

6
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respective WAN and LAN inderfaces to such networks, and perform or enable
various enhancements, such as performing self-bealing operations utiizing multiple
WAN backbauls serving multiple distinet LAN networks; and load balancing teafflic
utilizing multiple WAN backhauls serving multiple distinet LAN networks. The
management device may further coordinate or instruct the formation of a logical
WARN backhaul connectios over muliiple waderlying phystcal or wireless WAN
backhauls. Some embodiments make use of a iraffic aggregation unit which may
form a logically bonded WAN interface from two or more underlying WAN
interfaces. In some embodiments, a traffic de-aggregation urit may optionally be
employed. Traffic aggrogation may use inverse multiplexing, Ethernet switching, 1P
routing, Asynchronous Transfer Mode (ATM), Time-Division Multiplexing (YDM),
Pomi~-to-Point Protocol (FPP), PPP Multi-Link Protocel (MLPPP), or other
technologies.

{66258] An alternative to classic traffic aggregation is to selectively
aggregate traffic by switching or routing physically or logically distinct trafific
sources and sinks over different connections. For example, traffic from a first subnet
on a LAN can travel over a first WAN connection, while traffic from a second
subset on a LAN can travel over a second WAN counection. This selective
aggregation mechanism can switch or route traffic according to plivsical port,
priority Jevel, Ethernet VEAN or MAC identities, 1P number, subnet, TCF/UDP
port number, protocol, type of service (TOS), DiffServ Code Point (DSCP), [P
precedence, MPLS tag, application layer, etc.

{0826] Aggregation via selectively switching or routing traffic may be
performed with no physical aggregation clement, for example, an aggregation
clement may be erther physical entity or a logically defined entity in accordance
with the vanous described embodiments.

{06027] Aggregation and selection of connections may be vanied adaptively,
as traffic demands and connection bandwidths change over time. For example, a
high traffic demand from a first LAN may be routed over both a first and a sccond
WADN, but when the traffic demand from the first LAN decreases the traffic ceases
to be routed over the second WAN. If raffic demand increases on the second LAN
such traffic may then be routed over the first WAN. More involved real-time load
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balancing may be incorporated to match overall raffic demands with bandwidth
supply in an adaptive fashion.

{00281 Disclosed embodiments may also be extended to cases with more
than two LANs or more than two WAN connections. In such cases, traffic
aggregation schemes have multiple traffic tuputs and multiple choices on how (o
aggregate traffic, for example, over a single connection or multiple connections
cach with its own Hink quality, capacity. Since there is inierdependency between the
performances of traffic aggregation schemes and input flow characteristics and link
quality, traffic can be aggregated taking a weighted approach to betier serve the
scenario at hand. Traffic can be weighted to account for the fact that not afl access
point conditions are equal, therefore when connections are made to more than two
access points, the connections to diffcrent aceess points mav be weighied
accordingly, for example, to compensate for the different speeds, throughput,
latency, or other characteristics associated with the distinct access poiats. In one
embodiment, weighting is dependeat upos the supply of bandwidth on the different
WAN connections, and further depeodent upon the traffic demand from the differcot
LANs. The weighting reay furher vary with the fype or priodity of iraffic, different
service levels, different services, ete. The weighting reay alsc be tine varying as a
conseguence of the fact that channel guality also changes over time. This applies
also the LAN case where it is well known that in-home power line comunications
{PLC) faces time varying impairments.

{00291 Disclosed embodiments may also be extended to cases where the
sanme LAN extends over multiple physically separated channels. For example, such
as the case of having a LAN where Ghn (ITU-T standardized unified high-speed
wire-line based home netwarking) nodes operate over phoneline, power lines, and
coax; or in the case of a hybrid wirchine/wircless LAN. In cascs, traffic aggregation
over the WAN may apply different weights on input flows originating oncoax or
phoneline or power line or wireless. Similarly, when one source requires so many
chasnel resources that no single physical channel is able fo satisfy them, then traffic
handling schemes raay split the input iraffic and stmultancously transmit the input
traffic over multiple channels. This can be accomplished using possibly unequal
weights depending on link conditions and thes re-aggregate the oput traffic over the
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WAN or eveninally at the sink within the LAN. The way in which incoming traffic
is simultancously transmitted over multiple channels can change over time with fink
condition and traffic requirements.

{0030] In the foliowing description, nomerous specific details are set forth
such as examples of specific systems, languages, components, etc., in order to
provide a thorough anderstanding of the various embodiments. It will be apparent,
however, o one skilled in the art that these specific details need not be emploved (o
practice the disclosed embodiments. In other instances, well known materials or
methods have not been described in detail in order 1o avoid unnecessarily obscuring
the disclosed embodiments.

{06031] In addition to various hardware components depicted in the figures
and deseribed herein, embodiments further include vanious operations which are
deseribed below. The operations described in accordance with such embodiments
may be pecformed by hardware components or may be embodied in machine-
execcutable instructions, which may be used {c cause a general-purpose of special-
purpose processor programmed with the instructions to perform the operations.
Alternatively, the operations may be performed by a combination of hardware and
software, mcluding seftware instructions that perform the operations described
herein via memory and one or more processors of a computing platform.

{00321 Embodimenis also relate to a system or apparatus for performing the
operations herein. The disclosed systern or apparatus may be specially constructed
for the required purposes, of it may comprise a general purpose compuater
selectively activated or reconfigured by a computer program stored in the compuier.
Such a computer program may be stored in a non-transttory computer readable
storage medium, such as, but not limited to, any type of disk including floppy disks,
opiical disks, flash, NAND, solid state drives (88Ds), CD-R{OMs, and magnetic-
optical disks, read-only memories (ROMs), random access memories (RAMS),
EPROMs, EEPROMSs, magnetic or optical cards, or any type of media suitable for
storing non-fransitory electronic msiructions, cach coupled to a computer system
bus. In one embodiment, a non-transitory conmputer readable storage medium haviog
mnstructions stored thereon, causes one or more processors within a Management

Device, a traffic aggregation unit, and/or a traffic de-aggregator to perforn the
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methods and operations which are described hercin. In another embodiment, the
instructions to perform such methods aod operations are stored spon a nog-
transitory computer readable medivm for later execution.

{D833] The algorithms and displays preseanted herems are not mbherently
related to any particular computer or other apparatus nor are embodiments described
with reference to any particelar programpming language. It will be appreciated that a
variety of programming languages may be used to implement the teachings of the
embodiments as described heren.

{0034] Figure 1 illustrates an exemplary architecture 100 in which
embodiments may operate. Asymmetric Digial Subscriber Line {ADSL) systems
(one form of Digital Subscriber Line (DSL) systems), which may or may not
include splitiers, operate in compliance with the various applicable standards such
as ADSLY (G.992.1), ADSL-Lite (G.992.2), ADSLZ ((3.992.3), ADSL2-Lie
G.992.4, ADSLZ+ (G.992.5) and the G993 x creerging Very-high-speed DHgital
Subscriber Line or Very-high-bitrate Bigital Subscriber Line (VDSL) standards, as
well as the G.991.1 and G.991.2 Single-Pair High-speed Digital Sobscrber Line
(SHDSL) standards, all with and without bonding, and/or the G.997.1 standard (also
kaown as Goploam).

{D835] In performing the disclosed functions, systerns may wtilize a varicty
of operational data {which includes performmance data) that is available at an Access
Node (AN).

{08361 In Figwre 1, users termunal equipment 102 {e.g., a Customer
Premises Equipment (CPE) device or aremote terminal device, network node, LAN
device, efc.) is coupled to a home network 104, which in turn is coupled to &
Network Termination (NT) Unit 108, DSL Transceiver Units {TU) are further
depicted {e.g., a device that provides modulation on a DSL loop or line). In one
embodiment, NT unit 108 mcludes a TU-R (TU Remote), 122 {for example, a
transceiver defined by one of the ADSL or VDSL standards) or any other suitable
network termination modem, transceiver or other communication unit. NT unit 108
also includes a Management Entity (ME) 124, Management Eatity 124 can be any
suitable hardware device, such as a microprocessor, microcontroller, or circuit state
machine i fiouware or bardware, capable of perfonning as required by any
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applicable standards and/or other criteria. Managereent Eatity 124 collects and
stores, amoug other things, operational data in its Management loformation Base

(MIB), which is a database of information maintained by each ME capable of being

a8

coessed via network management protocols such as Simple Network Management
Protocol (SNMP), an administration protocol used to gather information from a
network device to provide to an admunistrator console/program or via Transaction
Langnage 1 (TLL) commands, TLI being a Jong-established command langnage
uged to program responses and commands between telecommunication network
clements. In one embodiment, Network Termuination Unit 108 is communicably
interfaced with a management device 170 as descnibed herein. In another
embodiment, TU-R 122 is communicably interfaced with management deviee 170.

{00637] Each TU-R 122 in a system may be coupled with an TU-C (TU
Central) in a Central Office (CO) or other central location. TU-C 142 is located at
an Access Node (AN} 114 in Central Office 146, A Management Entity 144
likewise maintains an MIB of operational data pertaining to TU-C 142. The Access
Node 114 may be coupled to a broadband setwork 106 or other setwork, as will be
apprecisted by those skilled in the ant. TU-R 122 and TU-C 142 are coupled
together by aloop 112, which in the case of ADSL may be a twisted patr line, such
as a telephone line, which may carry other communication services besides DSL
based communications. Either management entity 124 or management enlity 144
may implement and incorporate a management device 170 as described herein.
Management entity 124 or management entity 144 may forther store collected WAN
information and collected LAN mformation within an associated MIB.

{6838] Several of the mterfaces shown in Figure 1 are used for determining
and collecting operational data. The Q interface 126 provides the interface between
the Network Management System (NMS) 116 of the operator and ME 144 in
Access Node 114, Parameters specified in the (3.997.1 standard apply at the Q
interface 126. The near-end parameters supported in Management Entity 144 may
be derived from TU-C 142, while far-end parameters from TU-R 122 may be
derived by either of two interfaces over the UA intedace. Indicator bits and EOC
messages mav be sent using embedded channel 132 and provided at the Physical
Mediom Dependent (PMD) layer, and raay be used to generate the required TU-R
i1
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22 pavameters in ME 144, Alieraately. the operations, Admunistration aad
Maintenance {OAM) channel and a suitable protocol may be used to retrieve the
parameters from TU-R 122 when requested by Management Entity 144, Similarly,
the far-end parameters from TU-C 142 may be derived by either of two interfaces
over the U-interface. Indicator bits and EOC message provided at the PMD layer
may be used to generate the required TU-C 142 parameters in Management Entity
124 of NT unit 108. Allernately, the OAM channel and a suitable protocol may be
used to retrieve the parameters from TU-C 142 when requested by Management
Fotity 124,

{08397 At the U mterface (also referred to as loop 112), there are two
management interfaces, one at TU-C 142 (the U-C imterface 157) and one at TU-R
122 {the U-R interface 158). Interface 157 provides TU-C ncar-end parameters for
TU-R 122 to retrieve over the U interface/loop 112, Similarly, U-R interface 158
provides TH-R near-end parameters for TU-C 142 to retrieve over the U
interface/toop 112, The parameters that apply say be dependent upon the

transceiver standard being used (for example, G.992.1 or G.992.2). The $.997.1

standard specifics an optional Operation, Administration, and Maintenance (OAM)
communication channel across the U interface. If this channel is implemented, TU-
C and TU-R pairs may use it for transportiag physical layer OAM messages. Thus,
the TU transceivers 122 and 142 of such a system share various operational data
maintained o their respective MiBs.

{684¢] Depicted within Figure 1is management device 170 operating at
various optional locations in accordance with several alternative embodiments. For
example, management device 170 is located within home network 104, such as
within a LAN, In an alternative embodiment, management device 170 is located at
central office 146 and interfaced to home network 104 (e.g., a LAN) and broadband
network 106 (e.g., a WAN) via NMS 116, In vet another embodiment, management
device 170 operates on the broadband network 106 {e.g., on the WAN or Internet).

{0041] Also depicted within Figure 1is a traffic aggregation unit 180
operating at various optional locations in accordance with several embodiments. For
example, traffic aggregation unit 180 may reside within TE 102, may reside within a
LAN device 103 which is connected with TE 102, traffic aggregation uait 180 may

i)
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recite on the loop 112 at the CPE or CG side. As depicted here, traffic aggregation
unit 180 is placed on the loop 112 at NT 108, These and other exarples and their
benefits and function will be described 1n further detail below.

{B842] Asused herein, the terms "user,” "subscriber," and/or "custornes”
refer to a person, business and/or organization to which comumunication services
and/or equipment are and/or may potentially be provided by any of a variety of
service provider(s). Further, the term "customer premises” refers to the location to
which communication services arc being provided by a service provider. For an
example Public Switched Telephone Network (PSTN} used to provide DSL
services, cusiomer premises are located at, near and/or are associated with the
network terarination (NT) side of the telephone lines. Example customer premises
include a residence or an office building.

{0043] Asused hercin, the term "scrvice provider” refers to any of a variety
of entitics that provide, sell, provision, troubleshoot and/or maintain communication
services and/or communication cquipment. Example seevice providers inchude a
iclephone operating company, acable operating company, a wircless operating
company, aninternet service provider, or any service that may independently or in
comjunction with a broadband communications service provider offer services that
diagnose or improve broadband commumications services (DSE, DSL services,
cable, etc.).

{B044] Additionally, asused herein, the tenm "DSL" refers to any of a
variety and/or variant of DSL techoology such as. for example, Asymmetric DSL
{ADSL), High-speed DSL (HDSL), Svmmetric DSL (SDSL), and/or Very high-
speed/Very high-bit-rate DSL (VDSL). Such DSL technologies are commonly
implemented in accordance with an applicable standard such as, for example, the
International Telecommumications Union (1.T.U) standard G.992.1 (aka G.dox)
for ADSL modems, the LT.U. standard (G.992.3 (ak.a. G.dmibis, or G.adsi2) for
ADSL2 modems, LT.U. standard (3.992.5 (aka. GadsiZplus} for ADSL2+
modems, LT.U. standard G.993.1 (aka. Guwvdsl) for VDSL modems, LT.U. standard
(3.993.2 for VDSL2 modems, LT.U. standard G.994.1 (G.bs) for modems
implementing handshake, aod/or the 1. T.U. G.997.1 (aka G.ploam) standard for

management of DSL modems.
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{0045] References to connecting a DSL modera and/or a DSL
compupnication service 1o a custoraer are made with respact to exemplary Digital
Subscriber Line (DSL) equipment, DSL services, DSL systerus and/or the use of
ordinary twisted-pair copper telephone hines for distribution of DSL services, it
should be understond that the disclosed methods and apparatus to characterize
and/or test a transmission medium for communication systerns disclosed herein may
be applied to many other types and/or variety of communication equipment,
services, technologies and/or systems. For example, other types of systems mchide
wireless distribution systems, wired or cable distribution systems, coaxial cable
distribution systems, Ultra High Frequency (UHF) / Very High Frequency (VHF)
radio frequency systems, satellite or other extra~terresinial systems, cellular
distribution systems, broadband power-line systems and/or fiber optic networks.
Additionally, combinations of these devices, systems and/or networks may also be
used. For example, a combination of twisted-pair and coaxial cable interfaced viaa
baluo connector, or any other physical-channcl-continuing corabination such as an
analog fiber to copper connection with lincar optical-to-clectrical counection at an
Optical Network Unit (ONU) mav be used.

{6646] The pbrases "coupled to0." "coupled with,"” connectad to,"
“conpected with” and the like are used herein to describe a connection between two
elements and/or components and are intended to raean coupled/connected either
directly together, or indirectly, for example via one or more indervening elements or
via a wired/wireless connection. References to a "commuunication systern” arc
intended, where applicable, to include reference to any other tvpe of data
transmission systen.

{6647] Figure 2A illustrates an aliernative exemplary architecture 200 in
which embodiments may operaie. Figure 2A depicts a first Wide Area Network
(WAN) at element 205 A, a second WAN 2038, a first Local Arca Network (LAN)
at clement 210A, and a second LAN 210B. LAN access device 220A connects LAN
21048 with WAN 205 A through traffic aggregation unit 225, LAN 210B is
counected with WAN 203B through LAN access device 2208, LAN access device
230 provides a communications interface between traffic aggregation unit 225 and

LAN access device 2208,

Charter Communications, Inc.
Exhibit 1006
Page #246



W3 2013/085488 PCT/USIHILG63326

{00481 In the series of exemplary embodiments sei forth at Figures 2A
through 2H there are two LAN access devices shown {e.g., 220A and 2208 of
Figure 2A). However, more thag two LAN access devices may permissible operate
i accordance with the described embodiments and the depiction of two sach LAN
access devices in the exemplary figures is not to be constraed as being limsted to
only two.

{0049] In accordance with one embodiment, sach an architecture 200 or
system includes a {irst Local Area Network (LAN} access device 220A to establish
a first LAN 210A and a second LAN access deviee 2208 to establish a second LAN
2 10B which is operationally distinct from the first LAN 210A. fn such an
embodiment, the architecture 200 or svstem further includes a first Wide Arca
Network (WAN) backhaul conncction 2 11 to provide the first LAN access device
220A with WAN connectivity. In this embodiment, the architecture 200 or system
further includes a second WAN backhaul coanection 212 to provide the second
LAN access device 210A with WAN conpectivity. In this embodiment, cach of the
first WAN backhaul connection 211 and the second WAN backhasl connection 212
are physically distinct. The architecture 200 or system of this embodiment farther
includes traffic aggregation unit 225 to form a logically bonded WAN intedface 213
over the first WAN backhaul connection 211 and the second WAN backhaul
connection 212,

{D830] In one embodiment, the logically bonded WAN interface 215
provides the first LAN access device 220A and the second LAN access device 220B
with WAN connectivity via a combination of first bandwidth accessible via the first
WAN backhaul connection 211 and second bandwidth accessible via the second
WAN backhaul connection 212

{0051] In onc embodiment, the logically bonded WAN interface 213
provides the first LAN access device 220A with WAN connectivity and further
provides the second LAN access device 2208 with WAN connectivity. In such an
cmbodiment, the logically bonded WAN interface 213 supplants (e.g., is used in
place of, teplaces, supersedes, cic.) the first WAN backbaul conoection 213 for
providing the first LAN access device 220A with its respective WAN connectivity
and further supplants the second WAN backhaul connection 212 for providing the
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second LAN access device 2208 with iis respective WAN counnectivity. For
example, in such an erebodunent, both LAN access devices 220A-B comrsunicate
via fogically bonded WAN mterface 213 once established, rather than their
respective WAN interfaces 211 and 212 respectively.

{6852) In one embodiment, the first WAN backhaul connection 211
provides the first LAN access device 220A with WAN connectivity via the first
WAN backhaud connection 211 to a Service Provider that provides one or more of
data connectivity, voice connectivity, video connectivity, and mobile device
conneclivity to a plurality of subscribers. In one embodiment, the second WAN
backhaul connection 212 provides the second LAN access device 220B with WAN
connectivity via the second WAN backhau! connection 212 to the same Service
Provider via a phvsically distinet communications link to the same Service Provider,
For example, WAN backhan! connections 211 and 212 may represent physically
distinct comumwications links, vet both communicably link to the same service
provider. Such a service provider may implement or cstablish the Wide Arca
Networks 205A-B.

B033] In onc ewbodiment, the physically distinct communications link to
the same Service Provider associated with the second WAN backhaul connection is
identified by an Internet Protocol (IP) address distinct from an IP address for the
{irst WAN backhaul connection. In such an embodiment, the phvsically distinet
communications link to the same Service Provider associated with the second WAN
backhaul connection 212 is associated with a subscribar’s account distinet from a
subscriber’s account associatod with the first WAN backhas! connection 2 13, For
example, the first WAN backhaul connection 211 may lead to one house or office,
and the second WAN backhaul connection 212 may lead io a separate and distinet
house or office. Nevertheless, both mav trace back to the same service provider,

{6654] In one embodiment, the first WAN backhaul connection 211
provides the first LAN access device 2204 with WAN connectivity via the first
WAN backhaul connection 211 to a first Scrvice Provider that provides one or more
of data connectivity, voice connectivity, video connectivily, and mobile device
connectivity to a plurality of subscribers and the second WAN backhaul connection
212 provides the second LAN access device 2208 with WAN conuectivity via the
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second WAN backhaul connection 212 to a second Service Provider separate and
distinet from the fiest Service Provider. For example, difforent from the preceding
example, cach of the first and second WAN backhaul connections 211 and 212 may
lead to compleiely different service providers.

{68558) In one embodiment, at least a portion of traffic originating from the
first LAN 210A and at least a portion of traffic orniginating from the sccond LAN
2 108 traverses the logically bonded WAN interface 215,

{6056} In one embodiment: (a) a first plurality of traffic packets originating
from the first LAN 2 10A traverses the logically bonded WAN mnterface 213 via the
first WAN backhaul 211 through the traffic aggregation unit 2235; (b) a second
plurality of traffic packets originating from the first LAN 2 10A traverses the
logically bonded WAN interface 213 via the sccond WAN backhaul 212 through the
traffic aggrogation unit 225 (¢} a thurd plurality of wraffic packets origimating from
the second LAN 2 10B traverses the Jogically bonded WAN interface 213 via the
first WAN backhaul 211 through the traffic aggrogation unit 225, and (d) a fourth
pluralty of traffic packets originating from the second LAN 2 10B traverses the
logically bonded WAN interface 213 via the second WAN backhaul 212 through the
traffic aggregation wnit 225, Thus, packets originating from either LAN 210A-B
may traverse the logically bonded WAN mnterface 213 via cither or both vaderlying
WAN backhaol connection 211 and/or 212, In such an embodiment, LAN devices
within either LAN 210A-B may operate wholly agnostic or ignorant of which
padertying backhaal connection is being stilized for any given packet, as the traffic

aggregation unit 225 provides the necessary coordination for the phwality of packets

sent to, or designated for, various locations accessible within the WANs 205 A-B
{c.g., such as packets which must be routed to a location over the intemet, ctc.).

{00587] In onc embodiment, the first LAN 2304 includes a first plurality of
mterconnected LAN nodes 238, In such an embodiment, each of the first plurality of
interconnected LAN nodes 238 are identifiable within the first LAN 210A by a
private Internet Protocel (IP) address managed by the first LAN access device
220A. In such an embodiment, the sccond LAN 210B includes a second plurality of
interconnected LAN nodes 239, in which each of the second plurality of
interconnected LAN nodes 239 are identifiable within the second LAN 2 10B by a
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private 1P address managed by the second LAN access device 2208, To such an
emtbodiment, the first LAN access device 2204 is identifiable via a fust uoigue
Public IF address assigned to the first LAN access device 220A and the sccond
LAN access device 2208 is identifiable via a second unique Pablic 1P address
assigned to the second LAN access device 220B.

{0838} The LAN nodes 238 and 239 may associate with the LAN access
devices 220A and 220B. respectively according lo their respective selection criteria.
For example, LAN nodes 238 and 239 might associate with the LAN access device
with the highest received power as indicated for example by RSST (Received Signal
Strength Indication). Alternatively, nodes might associate with LAN access devices
based on the bandwidth that the LAN access devices can service the respective LAN
node with, after servicing existing nodes. The WAN backhaul capacity of a LAN
access device might also be taken into account to make this choice or selection.
Another selection criterion might be that a LAN pode associates with the LAN
access device servicing fewer existing nodes. In other cases, the security
requircraents to associate with a LAN access device might leave the node with only
one LAN access device o associate with.

{6659] For example, each of the unique Public P addresses raay be
assigned by an ISP or service provider which provides nternct connectivity to the
espective LAN access devices 220A-B. Thus, in accordance with one erabodiment,
cach of the first and second unique Poblic [P address are directly addressable via a
public Intermet. In one embodiment, the private Internet Protocol (IP) addresses
managed by the LAN access device 220A-B are not directly addressable via the
Internet, but instead, must rely apon Network Address Translation (NAT) or some
forwarding mechamism, for example, a forwarding mechanism provided by a
modem, arouter, eic. Thus, n accordance with one embodiment, none of the fust or
second plurality of interconnected LAN nodes 238 and 239 are directly addressable
via the public Internet as each of the first or second plurality of interconnected LAN
nodes 238 and 239 require address translation to a corresponding private [P address
associated with the respective one of the first or second plurality of interconnected
LAN podes 238 and 239 to receive traffic from the public Intemet. For example, the
LAN access devices may be Internst facing, whereas the mterconnected LAN nodes
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238 and 239 are not, and are thus protected to some extent as traffic raust fiest
traverse at least the LAN access device before any of the plurality of interconuected
LAN nodes 238 and 239 can be accessed.

{$068] In an alternative embodiment, the first LAN 2 10A includes a first
plurality of interconnected LAN nodes 238, each of which are identifiable within
the first LAN 210A by one or more Virtual Local Area Network (VLAN) tags
managed by the first LAN access device 220A and the second LAN 2 108 inclades a
sccond pherality of interconnected LAN nodes 239, each of which are identifiable
within the second LAN 2 10B by a second one or more VL AN tags which are
managed by the second LAN access device 2208, In such an alternative
embodiment, the first LAN access device 220A provides Voice over Internet
Protocol (VoiIP) services and/or Internet Protocel Television (IPTVY services to one
or more of the interconnected LAN nodes 238 within the first LAN 2204 based on
Etheroet fevel addressing using the one or more VLAN tags and the second LAN
access device 2208 provides VolP services and/or IPTV services to one or raore of
the interconnected LAN nodes 239 within the seccond LAN 210B based on Ethernet
level addressing using the second one or raore VL AN tags. In this erebodient, any
of the first and second plurality of interconnected LAN nodes 238 and 239 may be
uniquely dentifiable based at least on the one or more VLAN tags respectively
managed by the first or second LAN access device 220A-B. For example, the units
may be addressable over the Internet via remote devices using the one or more
VLAN tags.

{6661] In accordance with onc embodiment, the traffic aggregation unit 225
includes or is allocated or assigned a Public Internet Protocol (IP) address distinct
from a public 1P address associated with the first LAN aceess devies 220A and
distinet from a public 1P address associated with the second LAN access device
2208, Thus, it is distinctly, uniguely, and separately identifiable and addressable,
separately from cither of the LAN access devices 220A-B.

{0062] In one embodiment, the first WAN backhaul connection 211
includes or corresponds 1o a first transfer rate with the fiest LAN 2104 and the
second WAN backbaul connection 212 inchudes or cortesponds o a second average

transfer rate with the second LAN 2 10B. In such embodiments, the bonded WAN
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mnterface 213 includes or corresponds to an aggregate transfer rate with the fust
LAN 2104 and with the sccond LAN 2108 which is greater thao the first transfer
rate and is greater than the second transfer rate of the first and second WAN
backhaul connections 211 and 212 respectively. Thas, a client device within one of
the LANs 210A-B, such as one of the LAN nodes 238, may attain greater transfer
rates using the logically bonded WAN mterface 213 than would be possible using
only one of the anderlying {irst or second WAN backbaul consections 211 and 212
For example, the first and second transfer rates may constitute one of an
nstantancous data rate, an average peak datarate, or a peak transfer rate, and further
in which the aggregate transfer rate results in data throughput capability which is
greater than either of the first or the second respective transfer rates individually.

{0063} In accordance with one embodiment, the traffic aggrogation unit 223
operatos physically separate and distinct from cach of the first LAN access device
220A and the second LAN access device 220B. In such an embodiraent, the traffic
aggregation vuit 225 is communicatively interfaced botween the first LAN access
aggregation uuit has a direct communications link to cach of the first LAN access
device 220A and the first WAN backhau! connection 2 11, In such an embodiment,
the traffic aggregation unit 225 is further commumcatively intorfaced with the
second LAN access deovice 220B, in which the teaffic aggregation unit 225 has an
indirect communications hink to the second WAN backhaul connection 212 through
the sccond LAN access device 220B which operates in direct communsication with
the second WAN backhaul comnection 212. For example, the direct communications
link commumicably interfacing the traffic aggregation umit 225 between the first
LAN access deviee 220A and the first WAN backhaul connection 211 may
constitite a communications hink with no other intermediate nodes, whereas the
ndirect communication link to the second WAN backhaul connection 212 includes
at least one miermediate node before the indirect connection reaches the second
WAN backhaul connection 212.

{D064] As depicted, LAN access device 230 is an iniermediate node. LAN
access device 2208 may also serve as an intermediate node as the depicted route
traverses the second LAN access device 2208 to reach the second WAN backhaul
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connection 212, Thus, in accordance with an alternative embodiment, the system or
architecture 200 further juchudes a third LAN access device 230 which is
commuricatively imterfaced between the traffic aggregation unit 223 and the second
LAN access device 220B. In such an embodiment, the third LAN access device 230
has a direct communications ik to each of the traffic aggregation unit 225 and the
second LAN access device 220B. In this alternative embodiment, the traffic
aggregation unit 225 has an indirect communications Hok to the second LAN access
device 2208 through the third LAN access device 230, m which the third LAN
access device 230 provides an altemate backup communications path to the
fogically bonded WAN iterface 213 over the first WAN backhaul connection 211
and the second WAN backhaul connection 212 responsive to a failure event at one
of the first LAN access device 220A or the second LAN access device 2208,

{0065] Figure 28 llustrates an aliernative exemplary architecture 201 in
which crabodiments may operate. Figure 2B additionally introduces tratfic de-
aggregator unit 235

{0966} In accordance with one cmbodiment, such an architeciure 261 or
system further inclodes a traffic de-aggregator unit 235 comaunicatively interfaced
between the first WAN backhau! connection 211 and the second WAN backhaul
connection 212, In such an embodiment, the traffic aggregation vout 225 (forming
the logically bonded WAN interface 213) bouds Internet Protocol (IP) addresses
associated with raffic oniginating from both the first LAN 210A and the second
LAN 210B. In such an embodiment, the traffic aggregation unit 225 farther rootes
the traffic having the bonded IP addresses through the traffic de-aggregator unit
235.

{0667] In accordance with one embodiment, the traffic de-aggregator unit
235 is managed by a Service Provider that provides one or more of data
connectivity, voice connectivity, video connectivity, and mobile device connectivity
to a plurality of subscribers via the first and second WAN backhaul connections 211
and 212. In such an embodiment, the raffic de-aggregator unit 235 operates
physically separate and distinct from each of the first LAN access device 220A, the
second LAN access device 2208, the third LAN access device 230, and the traffic

aggregation vuit 225,
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{00681 Figure 2C llustrates an aliernative exemplary architecture 202 in
which embodiments may operate. Figure 2C iatroduces the traffic aggregation vait
225 as an wtegrated sub-component of a LAN access device 220A.

{D869] In accordance with one embodiment, the traffic aggregation unit 225
operates as an integrated sub-component of the first LAN access device 220A, in
which the first LAN access device 220A operates physically scparate and distinct
from the second LAN access device 220B. In such an embodiment, the traffic
aggregation vt 225 is commumicatively interfaced with the first WAN backhaul
connection 211 via a comununications inderface of the first LAN access device 220A
{e.g., internal circuitry of 220A. ete.). In such an embodiment, the wraffic
aggregation unit 225 is communicatively interfaced with the second LAN access

avice 2208, n which the traffic aggregation vnit 225 uses an mdirect
communications link to the second WAN backhaul connection 212 through the
second LAN access device 2208 which operates in direct compunication with the
sccond WAN backhaul connection 212.

{00707 Figure 2D llustrates an alicrnative exemplary architecture 203 in
which embodimenis may operate. Figure 2D introduces the raffic aggregation unit
225 as anintegrated sub-component of a LAN access device 220A in
communication with a traffic de-aggregator unit 235

{0871} In onc embodiment, the described architecture 203 or system
includes a traffic de-aggregator unit 235 which s communicatively interfaced
between the first WAN backhaul connection 211 and the second WAN backhaul
connection 212, m which the traffic aggregation unit 225 {orms a logically bonded
WAN interface 213 over the first WAN backhaul 211 and the second WAN
backhaul 212 by bonding Internct Protocol (IP) addresses associated with traffic
originating from the first LAN 210A and the sccond LAN 2 10B and by further
routing the traffic having the bonded IP addresses through the traffic de-aggregator
unit 235, In accordance with one embodiment, the first WAN 205 A and the second
WAN 2058 and the corresponding first WAN backhaul connection 211 and second
WAN backhaul cosnection 212 forre an aggregation network via the traffic da-
aggregator 235, the traffic de-aggregator 235 being connected with Internet WAN

299 as shown.
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{6672] Figure 2F illustrates an altemative exemplary architecture 204 in
which embodiments may operate. Figure 2E mtroduces LAN dovices 240 having
one or more wircless transceiver 241 {e.g.. each with one or more aptennas) to
establish one or more wireless communication paths 242A and 242B. Wireless
coverage arcas 243 are further depicied as are wireless transceivers 244A and 2448
al the LAN access devices 220A-B.

{08731 In onc embodiment, at least one of a plurality of LAN devices 240
operating within the first LAN 210A use a first communication path to the first
WAN backhau! connection 211 through the first LAN access device 220A and in
such an embodiment, at least one of a plurality of LAN devices 240 operating
within the first LAN 2104 also use a second communication path to the second
WAN backhaul connection 212 through the second LAN access device 220B. In
such an embodiment, at least one LAN device 240 includes at lcast one of: a
multiplexing wireless transceiver 241 capable to stmultansously maindain a first
wircless communication path 2424 to the first LAN access device 220A and a
second wireless communication path 2428 to the second LAN access device 2208
by multiplexing between the first and second wireless communication paths 242A-B
respectively; a wireless transceiver 241 capable to establish the first wireless
communicaiion path 242A to the first LAN access device 220A and capable to
establish the wireless second commurucation path 242B to the second LAN access
device 2208 by terminating the first wireless communication path 242A and
switching to the second wireless communication path 242B; and a first wireless
transceiver 241 and a second wireless transceiver 241, the first and second wireless
transceivers 241 capable to establish the first wireless communication path 242A to
the first LAN access device 220A and capable to establish the wireless second
communicaiion path 242B to the second LAN access devics 2208 either
concurrently or not concurrently with the first wircless communication path 242A to
the first LAN access device 220A.

{6674] In one embodiment, the first LAN access 220A devics is within a
residential premises comraon to the at least one of a plurality of LAN devices 240

operating withio the first LAN 210A and the second LAN access device 2208 is

within a second residential preavises in a netghboring vicinity to the first residential
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premises. In such an embodiment, a wireless coverage area 243 associated with the

sccond LAN access device 2208 overlaps with the first residential premuses and the
at least one of a plurality of LAN devices 240 operating within the fiest LAN 210A.

Int such an embodimeant, the at least one of a phurality of LAN devices 240 operating
within the first LAN 2 104 establishes conaectivity with the second WAN backhaul
conneciion 212 through the second LAN access device 2208 responsive to a fadure
event associated with the first LAN access device 220A.

{3673] In one embodiment, at least one of a plurality of LAN devices 240
operating within the first LAN 2 10A, rosponsive to a failure event associated with
the first LAN access device 220A, establishes connectivity to the second WAN
backhaul connection 212 via a wireless connection path 2428 between an
transceiver 241 of the at least one of the plurality of LAN devices 240 within the
first plurality of LAN devices 240 and an transceiver 2448 of the second LAN

coess device 2208 which is external to, and operationally distinet from, the first

w0

F:
LAN access device 220A. In such an embodiment, the fadure event corresponds to a
hard fatlure event characterized by a total loss of connectivity between the first
LAN access device 220A and the corresponding first WAN backhaul connection
211 or a soft failure event characterized by degraded connectivity, based on a
threshold, between the first LAN access device 220A and the corresponding first
WAN backhaol conaection 211

{B076] In one embodiment, the wireless connection between the transceiver
241 of at least one of the plurality of LAN devices 240 withun the first LAN 2104

and the transceiver 2448 of the second LAN access device 2208 constitutes at least

one of the plurality of LAN devices 240 connecting with the second LAN aceess
device 2208 using a guest SSID (Service Set Identification) on the second LAN
access device 2208, In a particular embodiment, the guest $SID on the second LAN
access device 2208 enables guest devices {(e.g., such as one of LAN devices 240
from the distinct LAN 2 10A) to communicate with the second WAN backhaul
connection 212 through the sccond LAN access device 2208, In such an
embodiment, the guest SSID on the second LAN access device 2208 further
restricts the guest devices from coramunicating with any devices operating within

the second LAN 2 10B without fust traversing the second WAN backhaul
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connection 212, For example, despite such devices within the second LAN 2108
being 1mmediately networked o the same LAN access device 2208, the guest
devices must nevertheless communicate through the WAN 205 A-B, for exanple, by
cstablishing communication via the Internet, as if the goest devices were still
connected o thetr originating LAN access device 220A. In so doing, scourity can be
matntained for the secondary network infrastructure while allowing the guest
devices to utilize the second WAN backhaul 212 rescurce.

{0677] Figure 2F illustrates an alternative exemplary architecture 206 m
which embodiments may operate. Figure 2F introduces a traffic aggregation unit
225 as an integrated sub-component within once of a plurality of LAN devices 240A.

{0678] In accordance with one embodiment, the traffic aggregation unit 223
operates as an integrated sub-component within onc of a pharality of LAN devices

240A operating within the first LAN 2 10A. In such an embodiment, the traffic

aggregation unit 225 is communicatively interfaced with the first WAN backhbaul
coanection 211 via a conununications path to the fiest LAN access device 220A
which in tura is interfaced via a communications path to the first WAN backhaul
counection 211, In this embodiment, the traffic aggregation unit 225, integrated as a
sub-component within the one of the plurality of LAN devices 240A operating
within the first LAN 2 104, further is communicatively interfaced with the second
LAN access device 2208, in which the traffic aggregation nnit 225 uses an mdirect
communications link to the second WAN backhaul conuection 212 through the
second LAN access device 2208 which operates in direct communication with the
seccond WAN backhaul connection 212,

{6879] In onc embodiment, the traffic aggregation unit 225 communicates
with the first LAN access device 220A throngh a wireless communication path
242A from the one of the plurality of LAN devices 240A to the first LAN access
device 220A and further wherein the traffic aggregation unit 225 comumunicates
with the sccond LAN access device 2208 through a second wircless communication
path 2428 from the one of the plurality of LAN devices 240A to the second LAN
access device 220B.

{0086¢] In one embodiment, the first and second wircless communication
paths 242A-B from the one of the plorality of LAN devices 240A to the first and

ag
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second LAN access devices 220A-B respectively, include at least one of: wireless
connectivity via a roultiplexing wireless transceiver 241 that stmultancously

maintaing the first wireless communication path 242A o the first LAN

device 220A and the second wireless communication path 2428 to the second LAN
access device 2208 by meltiplexing between the first and second wireless

communication paths 242A-B respectively; wircless connectivity via a wircless

A A

transceiver 241 capable to establish the first wireless commumication path 2424 to
the first LAN access device 220A and capable to establish the wireless second
communication path 2428 to the second LAN access device 2208 by terminating
the first wireless communication path 242A and switching {o the second wircless
communication path 242A; and wireless connectivity via a first wireless transceiver
241 and a sccond wircless fransceiver 241, the first and sccond wireless transceivers
241 capable to cstablish the first wireless communication path 2424 o the first
LAN access device 220A and capable to establish the wireless second
communication path 2428 to the second LAN access device 2208, cither
concurrently or not concureently, with the frst witcless communication path 242A
to the first LAN access device 220A.

{0081} Figure 26 illustrates an alternative exemplary architecture 207 in
which embodiments may operate. Figure 2G re-ntroduces the traffic de-aggregator
anit 235,

{D882] In one embodiment, the architecture 207 or system further includes a
traffic de-aggregator st 235 communicatively nterfaced between the first WAN
backhau! connection 211 and the seccond WAN backhaul connection 212, in which
the traffic aggregation unit 223 (which is integrated as a sub-component of one of
the LAN devices 240A) forms a logically bonded WAN interface 213 over the first
WAN backhaul connection 211 and the second WAN backbaul connection 212 by
bonding Internet Protocol (IF) addresses associated with traffic originating from
both the first LAN 2104 and the second LAN 2 10B and further by routing the
The traffic de-aggregator may be masaged by a Service Provider that provides one
or more of data connectivity, voice connectivity, video connectivity, and mobile
device connectivity to a plurality of subscribers via the first and second WAN
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backhaul connections. The traffic de-aggregator unit 235 may be physically separate
and distinct from each of the first LAN access device 2204, the second LAN access
device 2208, a third LAN access device 230 (if one is present), and the traffic
aggregation out 225,

{0683] In accordance with the varions embodimenis described herein. each
of the first WAN backhael connection 211 and the second WAN backhaul
conaection 212 are selected from the group of WAN backbanl connections which
includes: a broadband connection; a Digital Subscriber Line (DSL) connection; a
cable connection; a femiocell connection; a mobile connection; a fiber connection; a
wireless connection; and an access Broadband over Power Line (BPL) connection.

{0084] In accordance with the various embodiments described herein, cach
of the first and second LANs 2 10A and 2 10B mclude at least auser device. In
accordance with the disclosed embodiments, each of the first and sccond LAN
access devices 220A-B communicably link cach of the respective user devices with
one of the first WAN backhaul connection 2 11 or the seccond WAN backhaul
conaection 212, For exaraple, any one of the interconnsected LAN nodes 238 and
239 or the LAN devices 240 from Figure 2E, 240A and 2408 may be a user device.

{0085] In accordance with the various embodimenis described herein, cach
of the first LAN 210A and the second LAN 2 10B include a phwality of
intercomnected LAN nodes 238 and 239. In such an embodiment, each of the
plurality of interconnected LAN nodes 238 and 239 communicate via at least one
of: an Ethernet based network connection; a wircless based network connection; an
Institute of Electrical and Electronics Engineers (IEEE) 802.11 standards based
network connection; an 802 11a, 802.11b, 802 Hlg, and/or 802.11m wireless
compatible network connection; a fomio network connection transmitting viaa
mobile cellular compatible protocol including at least one of a third generation (3G)
compatible protocol, a fourth generation (4G) compatible protocol, and a Long
Term Evolution (LTE) compatible protocol; a power line connection; a telephone
sysiem connection; a Plain Old Telephone Service (POTS) connection; a Ghn
(ITU-T standardized unified high-speed wire-line based howme networking)
connection; and a Coax cable connection.

{0861 In accordance with the various crabodiments described herein, cach
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of the first LAN access device 220A and the second LAN access device 220B are
selected from the group of access devices which includes: a base station; an access
point; a modem; a router; a gateway, a Digial Subscriber Line (DSL) Customer
Prennses Equipment {CPE) modem; an in-home power hine device, a Home
Phoneline Network Alliance (HPNA) based device; an in-home coax distiibution

device; a G.ha compatible device; an in-home metering communication device; an

in-home appliance communicatively interfaced with the LAN, a wireless femtocell
base station; a wireless compatible base station; a wireless mobile device repeater; a
wireless mobile device base station; a set~top box (STBYset-top unit (8TU)
customer electronics device, an Internet Protocol (IP) enabled televisiony, an [P
enabled media player; an 1P enabled gaming conscle; an Ethernet gateway, a
computing device connected to the LAN; a HomePlug device; an IEEE P1901
standards compatible access Broadband over Power Line (BPL) device; an Ethernet
connected computer peripberal device) an Ethemet connected router; an Ethernet
coanected witeless bridge; an Ethernet connected network bridge; and an Ethemnet
connected network switch.

{B687] Figure 28 iHusteates an alternative exemplary architecture 208 in
which crabodiments meay operate. Figore ZH introduces a traffic aggregation unit
225 as an integrated sub-component within one a third LAN access device 230.

{0088] In one embodiment, the architecture 208 or system {further inchudes a
third LAN access device 230 which is communicably interfaced between the first
LAN access device 220A and the second LAN access device 220B. In such an
embodiment the traffic aggregation unit 225 operates as an integrated sub-
contponent of the third LAN aceess device 230, in which the third LAN access
device 230 operates physically separate and distinct from cach of the first LAN
access device 220A and the second LAN access device 220B.

{0089] In one embodiment, the traffic aggregation undt uses a first
cognection, via a device comunicably interfaced with the second LAN access
device 2208 and uses a sccond connection to commuricably interface the traffic
aggregation unit 225 with the first WAN backhaul conwection 2 11, 1o such an
cmhodiment, a data aggregation umit 23 | combines traffic from the first convection
and traffic from the second connection into aggregated traffic.
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{00961 In one embodiment, a data de-aggregation unit 236 is conununicably
interfaced with the first WAN backhaul connection 211 and communicably
interfaced with the second WAN backhaul connection 212, In such an embodiment,
the data de-aggregation amit 236 de-aggregates traffic onto the first connection and
onto the sccond connection as de-aggregated traffic.

{D891] Figure 3A illustrates an alternative exemplary architecture 300 in
which erabodiments may operate. Depicted are a first Wide Area Network (WAN)
at element 305A and a second WAN at 305B. WAN 305A being connected with
Local Arca Network (LAN) 310A via WAN backhaul connection 311 and WAN
3038 being connected with LAN 310B via WAN backhaul connection 312,

{0092] In accordance with one embodiment, such an architecture 300 or
sysiem meludes a first Local Arca Network (LAN) access devies 320A 1o establish
a first LAN 310A and a second LAN access device 320R to cstablish a second LAN
3 16B which is operationally distinct from the first LAN 310A. I this embodiment,
a fiest Wide Arca Network (WAN) backhau] coanection 311 provides the fiest LAN
access device 320A with WAN connectivity and a second WAN backhaul
coanection 312 provides the second LAN access device 3208 with WAN
connectivity, 1o which each of the first WAN backhaul connection 311 and the
seccond WAN backhaul connection 312 are physically distinct. This embodiment
further includes a management device 325 communicatively interfaced with cach of
the first LAN access device 310A, the second LAN access device 310B, the first
WAN backhasl consection 311, and the second WAN backhaal connection 312, In
such an embodiment, the management device 325, responsive to a fatlure event, re-
routes raffic associated with the first LAN 310A onto the second WAN backhaul
connection 312 or re~routes traffic associated with the sccond LAN 310B onto the
first WAN backhaul connection 311

{6693] Figure 3B illustrates an alternative exemplary architecture 301 in
which embodiments may operate. In accordance with one embodiment, the
management device 323 is implemented within the first LAN access device 320A
and communicatively nterfaced with the LAN access device 320A via an indernal
comrunications bus of the first LAN access device {e.g., via internal cirouitry). Ta

sach an embodiment, the masagement device 323 is commuaicatively interfaced
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with each of the second LAN access device 3208, the first WAN backhaul
coanection 311, and the second WAN backhaul connection 312 via one of more
communication paths 330 external to the fiest LAN access device 320A.

{D894] Figure 3C illustrates an alternative exemplary architecture 302 in
which embodiments may operate. In accordance with one embodiment, the
management device 325 is puplemented within a WAN access device 333A
comrunicatively coupled with the first WAN backbhaul connection 311 via an
internal commumications bus of the first WAN access device (e.g., via internal
circuitry). In such an cmbodiment, the management device 325 is communicatively
interfaced with each of the first LAN access device 320A, the second LAN access
device 320B, and the second WAN backhanl connection 312 via one or more
communication paths 350 external to the first WAN access device 335A.

{0095] Figure 3 illustrates an aliermative exemplary architecture 303 in
which embodiments may operate. In accordance with one embodiment, the
management device 325 is unplemented as an externally separate and physically
distinct device from a first WAN access device 335A commusicatively coupled
with the first WAN backhaul connection 311, as an externally separate and
physically distinct device from a second WAN access device 3358
communicatively coupled with the second WAN backhaul conncction 312, as an
exiernally separate and physically distinct device from the first LAN access device
320A, and as an externally separate and physically distinct device from the second
LAN access device 320B. In such an embodiment, the management device 325 is
communicatively terfaced with each of the first WAN access device 3354, the
second WAN access device 3358, the first LAN access device 320A, and the
second LAN access device 3208, via one or more conununication paths 350
external to the extemally separate and physically distinct tmplementation of the
management device 325,

{0096] Figure 3E illustrates an alternative exemplary architecture 304 in
which emboduncnts may operate. In accordance with one embodiment, such an
architecture 304 or system further includes a traffic aggregation unit 345 which
operates exiernallv separate and physically distinct from each of the firsi LAN
access device 320A and the second LAN access device 320B. In such an
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embodiraent, the traffic aggregation unit 345 forms a logically bonded WAN
interface 313 over the first WAN backhaul 311 and the second WAN backhaul 312,
In accordance with this erbodiment, the management device 325 s implemented
within the traffic aggregation unit 345 and is communicatively interfaced with each
of the first LAN access device 320A, the second LAN access device 3208, the first
WAN backhaul connection 311, and the second WAN backhaul connection 312 via
one of more conumunication paths 350 external to the traffic aggregation unit 345,

{0897] In accordance with several of the various embodiments, the wraffic
aggregation unit 345 or the management devics 325 operates in accordance with
Synchronous optical networking (SONET) or synchronous digital hierarchy (SDH)
multiplexing protocols. In one embodiment, the traffic aggregation unit 345 or the
management device 323, responsive to a fathwre event, re-routes the traffic by
performing a SONET or SDH compatible rapid re-route function. In one the traffic
aggregation unit 345 or the reanagerent device 325, tesponsive o a fallure event,
re-routes the traffic via an Ethernet Resilient Packet Ring (RPR) implementation.

{0098 In accordance with one cmbodimaent, the management device 345,
responsive to a faibure evend, re-routes the fraffic by instituting one or more of the
following events: (a) performing a first traffic re-route operation responsive to a
hard failure cvent characierized by a total loss of connectivity for one of the first
LAN access device 320A and the second LAN access device 320B with the
corresponding first or second WAN backhaul connection 311 or 312; or (b)
performing a second traffic re-route operation responsive to a soft faikwe event
characterized by degraded connectivity as determined by a threshold for one of the
first LAN access device 320A and the second LAN access device 3208 with the
corresponding first or second WAN backbaul connection 311 or 312, In such an
embodiment, the first traffic re-rouic operation may be different than the second
traffic re-route operation.

{00991 Figure 4A illustrates an alternative exemplary architecture 400 in
which embodiments may operate. Depicted are a first Wide Area Network (WAN)
at cleraent 405A and a second WAN at 405B. WAN 4034 being connected with
Local Area Network (LAN} 410A via WAN backbaul connection 411 and WAN
4058 being connected with LAN 4108 via WAN backhaul connection 412,
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{08168] In accordance with one embodiment, such an architecture 400 or
system includes a first Local Area Network (LAN) access device 420A to cstablish
a first LAN 410A and a second LAN access device 420B to establish a second LAN
4108 operationally diséinct from the first LAN 410A. In such an embodiment, a first
Wide Area Network (WAN) backhaal congection 411 provides the first LAN access
device 420A with WAN connectivity and a second WAN backhaul connection 412
provides the second LAN access device 4208 with WAN cognectivity, in which
cach of the first WAN backhaul connection 411 and the second WAN backhaul
connection 412 are physically distinct. In this embodiment, a management devics
425 is commumcatively interfaced with cach of the first LAN aceess device 420A,
the second LAN access device 4208, the first WAN backhaul connection 411, and
the second WAN backhaul connection 412, In this embodunent, the management
device 425 routes a first portion 498 of traffic originating from the first LAN 410A
over the first WAN backhaul connection 411 and the managerent device 423
further routes a second portion 499 of the traffic originating from the first LAN
4 10A over the second WAN backhasl connection 412,

06191} In one embodiment, the reanagement device 425 routes the first
portion 498 of traffic over the fiest WAN backhaul connection 411 and further
routes the sccond portion 499 of the traffic over the second WAN backhaul
connection 412 to implement foad-balancing for the first LAN 4104

$6192] In one embodiment, the managerent device 425 implements load
balancing for the second LAN 4 10B by routing a first portion 444 of iraffic
originaling from the second LAN 4 10B over the second WAN backhaul connection
412 and by further routing a sccond portion 445 of the traffic originating from the
second LAN 4108 over the first WAN backhaul connection 411, Management
device 425 may implement load balancing for the respective first and/or second
L.ANs regardless of whether the management device is internal to LAN access
device 420A or 420B.

{00103} In one cmbodiment, the management dovice 425 implementing
load balancing inciudes determining what portions of traffic 498 and 499 to route
over the first and second WAN backhauls, respectively, based on factors such as
bandwidth capacity of the first and second WAN backhauls, or based os other
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factors such as payment options chosen by the first and second subscribers, or
coaditions mposed by thewr internet service providers, based on 3 nomber of nodes
associated with each of the LAN access devices, based on traffic patterns of each of
the nodes, the security options, or the capacity and capabilities of the LAN access
devices etc. These factors, among others, will canse the management device 425 to
vary the portion of traffic to route across the first and sccond WAN backbauls.

{09164} In one embodiment, traffic portron 498 includes countrol and
management traffic and traffic portion 499 includes the pavicad portion of traffic
corresponding to traffic portion 498, In such an embodiment, the management
device 425 implements load balancing {or the first LAN 410A by routing the {irst
portion 498 of traffic over the first WAN backbaul connection 411 and further
routfes the second portion 499 of the traffic over the sccond WAN backhaul
conncction 412, Scparating or splitting the pavioad and control fraffic portions in
such a way reduces the overhead caused due to the control and management traffic.
For example, when an IEEE 802, Ile LAN access device is operating in the
presence of a legacy station operating on IEEE 802.1 1b, there will be substantial
overhead due to control frarees such as RTS/CTS and ACK. In such an eveat,
routing all the control traffic over the second WAN backhaul can help reduce
overhead and improve throughpat.

{68105} Figure 4B illustrates an alternative exemplary architecture 401 in
which embodiments may operate. In accordance with one embodiment, first LAN
access device is a wireless LAN access device 421 having a first tragsfer rate for the
first LAN 410A which is greater than a second transfer rate for the first WAN
backhaul connection 4 11, in which the second transfer rate for the first WAN
backhaul connection 411 resulis {e.g., causes) a bottleneck o the traffic (e.g., the
first and second portions 498 and 499) originating from the wircless LAN access
device 421 directed to the first WAN backhaul connection 4 11, In one embodiment,
the management device 425 unplements load-balancing for the first LAN 4104 by
routing the first portion 498 of traffic over the first WAN backhaul connection 411
at a rate which is fess than the second transfer rate for the first WAN backhanl
connection 411 and further by routing the sccond portion of the traffic 499 over the
second WAN backhaul connection 412, in which the second portion 499 of the
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traffic is a rematrung portion of the traffic originating from the frst LAN 4 10A.

{88106} In one embodiment, the reanagement deovice 423 implements load-
balancing for the {irst LAN 410A by implementing an aggregate {ransfer rate {or
WAN connectivity provided to the first LAN 410A by the wireless LAN access
device 421 and by suplementing an aggregate transfer rate for WAN connectivity
provided to the sccond LAN 4 10B, in which the aggregate transfer rate for WAN
connectivity is greater than the second transfer rate for the first WAN backhaul
connection 4 11. For example, by utilizing both the first and sccond WAN backhaul
connections 411 and 412, an aggregate transfor rate for WAN connectivity can be
realized for the LANs 410A-B which is greater than they would otherwise attain
from using only their respective single WAN backbanl connections {e.g., either 411
or 412, but not both). In an aliernative embodunent, the management device 425
implements load-balancing for the first LAN 4 104 by assigning incoming flows to
the most hightlv-loaded WAN connection. For example, the management device 425
may assign, route, or otherwise place a now inconuang flow, such as a now VolP
connection or Internet TV streara, onto the most lightly-loaded WAN conaection,

D6197] In one embodiment, the management device 425 routes the first
portion 498 of traffic over the fiest WAN backhaul connection 411 and further
routes the second portion 499 of the traffic over the second WAN backhaul
connection 412 by allocating a portion of basdwidth associated with the second
WAN backhaul connection 412 to the first LAN access device (e.g., 420A from
Figure 4A or the wireless LAN access device 421 of Figure 4B), 1a which the
allocation is based on a paid subscription tier or a service level tier associated with
the first LAN access device (420A or 421). For example, the paid subscription tier
or a service level tier may be chosen by a user when signing up for service from a
service provider. A user may elect to pay an increased subscription foc to cnable a
higher aggregate transfer rate than is otherwise attainable from nsing only a single
WAN backhaul connection 411 or 412, Alternatively, a user might obtain a
subsidized subscription foe to allow other users access to his unused WAN
bandwidth.

{66108] Figure 4C illustrates an altemative exemplary architecture 402 in
which embodiments may operate. In accordance with one embodimend, the
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architecture 402 or systern further includes a wircless commuuications link 422
between the first LAN access device operating as a wireless LAN access device 421
and the second LAN access device operating as a second wircless LAN access
device 423, In such an embodiment, the management device 425 instracis the
wireless LAN access device 421 to route or switch the second portion of traffic 459
over the wireless commuunications lnk 422 from the first wircless LAN access
device 421 to the sccond wireless LAN access device 423 and onto the second
WAN backhaul connection 412.

{00109} In one embodiment, the second LAN access device 423 can operate
as a wireless LAN access device, distinet from the first wireless LAN access device
421, The conmunication link 422 may be a wireless communication link between
the first LAN access device operating as a wireless LAN access device 421 and the
second LAN access device operating as a second wireless LAN access device 423

{08118] In accordance with one ermbodinent, the first WAN backhaul
connection 411 provides the fiest LAN access device {e.g., 420A at Figure 4A or
421 at Figure 4C) with WAN connectivity via the first WAN backhaul connection
411 to a Service Provider that provides one or more of data consectivity, voice
connectivity, video conanectivity, and mobile device connectivity to a plurality of
subscribers. In this embodiment, the second WAN backhaul connection 412
provides the second LAN access device {e.g., 420B at Figure 4A or 423 at Figure
4Cy with WAN connectivity via the second WAN backhaul counection 412 o the
same Service Provider via a physically distinet communications link o the same
Service Provider.

{00111} In one embodiment, the first WAN backhanl connection 411
provides the first LAN access device (420A or 421} with WAN connectivity via the
first WAN backhaunl connection 4 11 1o a first Service Provider that provides one or
more of data connectivity, voice connectivity, video connectivity, and mobile device
connectivity to a plurality of subscribers and in this embodiment, the second WAN
backhaul connection 412 provides the second LAN access device (4208 or 423)
with WAN connectivity via the second WAN backbaul conpection 412 1o a second
Service Provider which is separate and distinct from the first Service Provider.

{6112} Figure 4D dlustrates an aliernative exeraplary architectre 403 in
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which embodiaents may operate. fn accordance with one embodiment, the
architccture 403 or system further includes the management device 425 collecting a
first information set 470A about the first WAN backhaul connection 411; further
includes the management device 425 collecting a second information set 4708
about the first LAN 410A; further includes the management device 425 collecting a
third information 470C set about the second WAN backhaul connection 412; and
{arther includes the managoment dovice 425 collecting a fourth nformation set
470D about the second LAN 4 108B. In such an embodiment, the management device
425 jointly analyzes at least a portion from each of the first, sccond, third, and
fourth mformation sets 470A-D eollected and identifies an operational condition
471 affecting the first and second WAN backhaul connections 411-412 and further
affocting the first and second LANg 410A-B based on the jointly analvzed collected
nformation sots 470A-D. In accordance with such an embodiment, the management
device 425 initiates a meanagement event 472 respounsive to the operational condition
471 being identified.

{66113} In one embodiment, responsive o the operational condition 471
being identified, the managerent device 423 initiating the management event 472
constifutes generating mstructions specifying a configuration change to one or more
of: a configuration change for a channel allocation associated with a wireless based
first LAN access device 420A or a wireless based sccond LAN access device 420B,
or both; a configuration changes to a power allocation scheme for signals assoctated
with the wireless based first LAN access device 420A or the wireless based second
LAN access dovico 4208, or both; a configuration change to STA (Station) to AP
{Access Point) associations associated with the wireless based first LAN access
device 420A or the wireless based second LAN access device 4208, or both; a
configuration change to beacon power characteristics associated with the wircless
based first LAN access device 420A or the wircless based second LAN access
device 4208, or both; a configuration change to beacon intervals associated with the
wircless based first LAN access device 420A or the wireless based second LAN
access device 4208, or bothy a condiguration change to transmission rates associated
with the wireless based first LAN access device 420A or the wireless based second
LAN access device 4208, or botly, a configuration change 1o beamforming
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characteristics of the wireless based first LAN access device 420A or the wireless

based socond LAN access device 4208, or both: a configuration change 0 a
Request to Send / Clear to Send (RTS/CTS) configuration associated with the
wireless based first LAN access device 420A or the wireless based second LAN
access device 4208, or both: a configuration change to fragmentation configuration
of the wircless based first LAN access device 420A or the wircless based second
LAN access device 4208, or both; a configuration change to the wircless mode {e.g.
{EEE 802.11a/b/g/m)y configuration of the wireless based first LAN access device
420A or the wireless based sccond LAN access device 4208, or both; a
configuration change to the bandwidth uulized by the wireless based first LAN
access device 420A or the wireless based second LAN access device 4208, or both
(cxample, channel bonding in IEEE 802, 1), a configuration change to frame
aggregation of iraffic from the wircless based first LAN access device 420A or the
wireless based second LAN access device 4208, or both; a configuration change to
guard interval of the wireless based first LAN access device 420A or the wireless
based second LAN access device 4208, or both; a configuration change to an
antenna aay configuration of the wireless based first LAN access device 420A or
to the wireless based second LAN access device 4208, or both; a configuration
change to preambie length used by the wireless based first LAN access device 420A
or the wireless based second LAN access device 4208, or both; a configuration
change to handoff technigues of the wireless based first LAN access device 420A or
the wireless based second LAN access device 4208, or both: a configuration change
to power saving modes of the wireless based first LAN access deviee 420A or the
wireless based second LAN access device 420B, or both; and a configaration
change to maximum sumber of retransmission attcrmpts of the wireless based first
LAN access device 420A or the wireless based sccond LAN access device 4208, or
both.

{00114} The wireless based LAN access devices involved in this

already avatlable. Such LAN access devices may support high throughput. Inone
cmbodiment, selection of these LAN access devices is based on one or more of a

Receiv

Strength Indicator (RSSI), a wireless b rate, channel vsage, pre-
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existing traffic loads, averall achicvable throughput, other similar perforamance
indicators, of by using 3 conbination of such indicators fo estimate available
throughput.

{P8115] In one embodiment, the manageraent event 472 is selecied from the
group of management events 472 which includes sending mastructions 478 to
cstablish a direct communications link 476 between the first LAN aceess device
420A and the second LAN access device 420B responsive to the joint analysis

indicating an operational problem (e.g.

Wb

such as the identified operational condition
471) with the first WAN backhaul connection 411, For example, the operational
problem may be derived from or correspond to the identified operational condition
471

{66116} Figure 4¥ iflustraics an alternative exemplary architecture 404 in
which embodimenis may operate. In accordance with one embodiment, the
management event 472 is selected from the group of managerment events 472 which
includes sending instructions 478 to establish a direct comuaunications link 476
between a sode 477 operating within the first LAN 410A, and the second LAN
access device 4208, responsive to the joint analysis fndicating an operational
problem with the first LAN access device 4 10A. For example, responsive to the
operational condition 471 being identified. The instructions 478 may correspond to
or be derived from the management event 472, In accordance with the disclosed
cmbodiments, node 477 may be implemenied as one of a wireless node, a mobile
node, or as a LAN device node.

{08117 In accordance with several of the various embodiments, the
management device 425 jointly analyzes the collected information sets 47¢A-D by
analyzing bandwidth usage over time of the first LAN 410A and bandwidth usage
over time of the second LAN 4 10B and detects, as the operational condition 471, a
traffic imbalance between the first LAN 4104 and the second LAN 410B. In such
an embodiment, initiating the management event 472 constitutes the management

evice 423 allocating unused bandwidth associated with the first WAN backhaul
counection 411 to the second LAN access device 420A or constitutes allocating
waused bandwidth associated with the second WAN backbaul conoection 412 1o the
first LAN access device 420A based on the identified traffic imbalance between the
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first LAN 410A and the second LAN 4108

{86118} In one embodiment, intiating the management ¢vent 472
constitutes the management device 425 determining whether a LAN access device
has unused bandwidth at a given time of the day or week. In such an embodiment, in
addition to or as an aliernative to uiitlizing the bandwidih for a second LAN device,
muliiple SSIDs may be used o open the umused bandwidth for public or private
usage duning the given time of the day or week or during some other specified time.

{06119} In accordance with several of the various embodiments, the second
information set 4708 about the first LAN 410A and the fourth mformation set 470D
about the sccond LAN 4 10B each mnclade mformation specific to a first
communication laver of the first and second LANs 410A-B and the first information
set 470 A about the first WAN backhaul connection 411 and the third information
st 470C about the second WAN backhaul connection 412 mcludes mformation
specific to a second comusumication laver of the first and second WAN backhaul
coanections 411-412 which is differcnt than the first conununication layer of the
first and second LANs 410A-B.

001207 Figure 4F illustrates an alternative exemplary architecture 406 in
which emboduaents may operate. I accordance with one embodiment, the second
information set 4708 about the firsi LAN 410A and the fourth mformation set 470D
about the second LAN 4 10B cach mclude neighborhood analysis relating to Intemet
conrnectivity provided to a plurality of other locations in a shared geographical area
469 with the management device 425, In sach an embodiment, the management
device 425 mtiating the managemont event 472 responsive {o the operational
condition 47 1 being identificd constitutes generating instractions 479 to change a
configuration of the first WAN backhaul connection 4 11 or constitutes generating
instructions 479 to change a configuration of the second WAN backhaul connection
412, or both, based on the neighborhood analysis.

{08121} In accordance with one embodiment, the first information set 470A
about the first WAN 4104 and the third information set 470C about the second
WAN 4108 each include neighborhood analysis relating to Internet connectivity

provided to aplurality of other locations in a shared geographical arca 469 with the

39

Charter Communications, Inc.
Exhibit 1006
Page #271



W3 2013/085488 PCT/USIHILG63326

event 472 responsive 1o the operational condition being identified 47 1 constitutes
the management device 425 generating instructions 479 to change a configuration of
the first LAN access device 420A or the second LAN access device 4208, or both,
based on the neighborhood analysis. The neighborhood analysis and the various
mformation seis $70A-D depicted at Figures 4D through 4F may be utilized in
association with the other disclosed embodiments described herein. mclading all of
the exemplary emabodiments depicted and described with regard to Figures 4A
through 4E.

{00122} In one embodiment, the management dovice 425 mitiating the
management event 472 responsive to the operational condition being wdentified 471
constitutes the management device 425 generating instructions 479 to modify the
identsficd operational condition 47 1 in which the management deviee 425
communicates the generated msiructions 479 to one or more of) a network cloment
466, a WAN device 468, and/or a LAN device 467 communicatively interfaced with
the management device and further in which the gencrated mstructions 479 are
commuricated via a profocol sclected from the group of protocols which includes: a
TR-069 (Technical Report 069) compatible communications protocol; a
Transmission Control Protocol/Internet Protocol (TCP/IP) communications
protocol; a Simaple Network Management Protocol (SNMP) compuunications
protocol: an out-of-band telephone line protocol; a Digiial Subscriber Line
Embedded Operations Channel (DSL EOC) communications protocol; a cable
control channel communications protocol; apower line control channcl
communicalions protocol; 8 Command Line Interface (CLI) protocol; and a
Transaction Language | (TL1) communications protocol.

{06123} In accordance with one embodiment, the first WAN backhaul
connection 411 and the second WAN backhaunl connection 412 are each
communicably interfaced with the management device 425 via one of: a wircless
network connection; a wired network connection; a Digital Subscriber Line (DSL)
notwork connection; a power line network connection; a Passive Optical Network
{PON) based network connection; a fiber optic based network connection; and a
cable based network connection.

{86124} In one embodiment, the reanagerent deovice 423 is one of a Digital
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Subscriber Line (DSL) modern operating as a Customer Premises Equipment (CPE)
device to coramunicatively inderface a DSL based backhaul provided via the fust
WAN backbaul connoction 4 11 to the first LAN 410A; a cable modem operating to
communicatively mterface a cable network hased backhanl provided via the first
WAN backhaul connection 411 to the first LAN 410A; a wircless modem operating
to commumcatively mterface a wircless based backhaul provided via the first WAN
backhaul connection 4 11 to the first LAN 410A; apower line modem operating to
communicatively mterface a power line based backhaunl provided via the first WAN
backhaul connection 4 11 1o the first LAN 410A; an Optical Network Termunal
{ONT) operating to communicatively mterface a fiber optic based backhaul
provided via the first WAN backbanl connection 41 1 to the first LAN 410A; a
router operating to communicatively interface the first WAN backhaul connection
411 to the first LAN 410A; a gateway operating to communicatively interface the
first WAN backhaul connection 4 1 11o the first LAN 410A; and a computing device
remotely located from 3 WAN/LAN interface through which a commusication
chasnel related (o the fust WAN backhau! connection 411 and the fust LAN 410A
is connected, in which the computing device provides remote monitoring and
management functionality for the WAN/LAN interface.

{$6125} In accordance with the various embodiments, the manageront
device 425 collecting the first, second, third, and fourth information sets 470A-D
constitutes the management device 425 collecting each of the information setg
470A-D from an aformation source selected from the group of tnformation sources
which includes: a Digital Subsceriber Line (DSL) Customer Premises Equipment
(CPE) modem; an in-home power line device; a Home Phoneline Network Athiance
(HPNA) based device; an in-home coax distribution device; a Gl compatible
device; an in-home metering communication device; an in-home apphiance
communicatively interfaced with the LAN; a wireless femtocell base station; a
wircless compatible base station; a wireless mobile device repeater; a wireless
mabie device base station; a set-top box (STB)/set-top unit (STU) customer
electronics device; an [nternet Protocol (IP) enabled television; an IP enabled media
plaver; an IP enabled gaming console; an Ethemet gateway; a computing device
coanected to the LAN; an Ethernet connected computer peripheral device; an
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Etherset connected router; an Ethemet connected wireless bridge; as Ethemnet
coanected network bridge, and an Ethemet conuected network switch.

{60126} In accordance with the vanous embodiments, the first WAN
backhaw] conmection 411 and the sccond WAN backbanl connection 412 are
selected from the group of WAN backhaul connections 411 and 412 which include:
abroadband conmection; a DSL commection; a cable connection; a feratoccli
connection; a mobile connection; a fiber connection; a wireless connection; and an
aceess Broadband over Power Line (BFL) connection.

{06127} In one embodiment, each of the first LAN 410A and the second
LAN 4108 include a plurality of interconnected LAN nodes 238, In such an
embodiment, cach of the plurality of interconnected LAN nodes 238 communicate
via at least one of: an Fthernet based network connection; a wircless based network
connection; an Institute of Electrical and Electronics Engincers (JEEE) 802, 11
standards based network coonection; an 802.11a, 802.11b, 802 lig, 802 11ad at 60
GHz, and/or 802.1 In wircless compatible network connection; a femto petwork
conpection transmitiing via a mobile celtular compatible protocol including at least
one of a third generation (3G) compatible protocol, a fourth generation {4G)
compatible protocol, and a Long Term Eveolution (LTE) compatible protocel, a
power line connection; a telephone systern connection; a Plain Old Telephone
Service (POTS) conrection; a G.hn (TU-T standardized unified high-speed wire-
lige based home networking) comnection, and a Coax cable connection.

{00128} 1In one embodiment. cach of the first LAN access device 420A and
the sccond LAN access device 4208 are selected from the group of devices which
includes: a base station; an access point; a modem; a router; a gateway; a Digital
Subscriber Line (DSL) Customer Premises Equipment (CPE) modem; an in-home
power ling device;, a Home Phoncline Network Alliance (HPNA) based device; an
in-home coax distribution device; a G.hn compatible device: an in-home metering
communication device; an in-home apphiance communicatively interfaced with the
LAN; a wireless femtocell base station; a wireless compatible basc station; a
wireless mobiie device repeater; a wireless mobile device base station; a set-top box
(STB)/sct-top unit (STU) customer clectronics device, an Internet Protocal (IP)
enabled television; an IP cnabled media player; an IP enabled gaming console; ; a
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60 GHe capable station; PAN (Personal Area Networks) capable device, an Ethernet
gateway. a computing device connecied to the LAN; an Etheroet connected
computer peripheral device: an Ethernet connected rouier; an Ethernet connecied
wireless bridge; an Ethernet connected network bridge; and an Ethernet connected
network switch.

{98129] In one embodiment, each of the first LAN 410A and the second
LAN 410B inchude a plarabity of intercongecied LAN nodes 238 and cach of the
plurality of interconnected LAN nodes 238 are sclected from the group of nodes
which includes: a computer with LAN connectivity; a notebook with LAN
connectivity; a mobile phone with LAN connectivity; a game console with LAN
connectivity; an electronic computing machine with LAN connectivity; an IPTV
with LAN connectivity; storage devices with LAN connectivity; devices that are
primarily purposed for other applications and can have LAN connectivity, for
example, hovsehold lighting, alarm systerss. beating/cocling and other houschold
appliances. cic.

{00138] Figure 4G dlustrates an alieroative excraplary architecture 447 in
which embodiments may operate. In accordance with certain embodiments, the
management device 425 collects, for joint analysis, inforraation frors the LANs
410A, 410B, 410C, 410D, 410E, and 410F, including neighborhood analvsis 440
relating to Internet connectivity provided to a plarality of locations in a
neighborhood or a shared geographical arca 469 with the management device 425.
In such an embodiment, initiating a management event 472 nchides a management
device 425 generating instructions or commands (o change a configuration of a
WAN device based on the neighborhood analysis 440 collected. In an alternative
cmbodiment, mitiating a management event 472 includes a management device 423
generating instructions to change a configuration of a LAN device (e.g., one of
nodes 477A-C) based on the neighborhood analysis 440,

{00131} Jomnt analysis by the management device 425 may include
conducting neighborhood analysis including aggregating information muliiple
sources to provide a broader analvtical context. For example, nodes 477A., 4778,
and 477C are depicted as fraversing a shared back-haul 414 t0 a WAN 405A . WAN
4034 1ocludes a management device 425 implemented as described berein. Because
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nodes 477 A-C all traverse a cornmon ot shared back-haul 414, infoumation may be
retrievable from cach of the nodes 4# A-C and correspondingly from Local Area
Networlis 410A, 4108, and 410C respectively. The information may be collected by
management device 425 within WAN 405 A and utilized to optimize the WAN and
LAN networks and the communication paths between the respective WAN and
LAN networks.

{00132} For example, a shared back-baul 414 may exist with DSL networks
in which multiple twisted pair lines traverse a common DSL binder; a shared back-
haul 414 may be present with multiple coaxial cable intemet customers cach
contending for WAN based resources over a single coaxial cable over which at least
aporttion of WAN back-haul is tmplemented; a shared back-haul 414 may be
present with a power line based Internet service provider in which multiple LANs
{¢c.g., 410A-C) associaied with distinct end-users contend for WAN based resources
over the same physical trassmission lines; a shared back-haut 414 raay simiarty be
present where multiple LANs {e.g., 410A-C) associated with distinct end-users
contend for WAN based resources over the same wireless {ransmission spectoum; a
shared back-haul 414 may be present with fiber optic based connections each
contending for WAN based resources; or a shared back-hanl 414 may comprise of a
combination of the above communication means, such as a combination of coaxial
cable, fiber and twisted pairs.

{$0333] In such embodiments, amanagement device 4253 may collect
information from multiple distinct LANs and analyze the collected information from
the multiple LANs to identify an operational condition 471. Such analysis may be
referred to as neighborhood analysis. The management device 423 may then report,
diagnose, monitor, or generate instmuctions o unplement an operational change via a

management ovent 472 based on the neighborhood analysis. For example, the
management device 425 may implement WAN/LAN network optimizations which
include increasing transmiit power and data rates to one LAN {e.g., 410A) based on
defermination that another LAN represented within the neighborhood asnalysis is
inactive or has a low activity rate (e.g.. LAN 410C may be determined to be
voderutilized). 1o such an cmbodiment, a corresponding decrease of transmit power
and data rate roay be tmplemented for the underutilized LAN {(c.g.. 410C in such an
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example).

{89134] In ancther embodiment, neighborhood analysis may indicate that
the shared back-haul 414 is saturated due to a demand load in excess of capacity
based on analysis of LAN information retrieved from the multiple distinct LANs
410A-C 10 which case the management device 425 may responsively implement a
load-balancing algorithm on a WAN/LAN interface (c.g., a DSL modem, cable
modem, ONT unil, ete)) interfacing cach of the respective LANs 410A-C to the
single shared back-haunl 414. In such a way, overall network efficiency may be
improved by reducing collisions, buffering queucs, data re-tranamits, and other
excessive overhead waste that may occur due to an overwhelmed network
communication path, such as a shared WAN back-~haul 414

{00135] In accordance with an alternative embodiment, a collection module
of a management device 425 collects the neighborhood analysis from a WAN
operator (e.g., WAN 4035B), where the neighborhood analysis describes LAN
wircless fraosmisston chanoels for a plurality of lecations in a shared geographical
arca 469 with the management device. For example, within the ncighborhood or
shared geographical area 469 are multipie distinct LANs 410D, 410E, and 410F.
FEach of the distinet LANs 410D-F are transmitting infoumation 440 to WAN 4058,
such as an ISP or Wide Area Network Operator. The information 440 sent via each
of the LANs may describe varions characteristics about the LAN from which the
information originated. In one embodiment, the WAN 4038 aggregates the
information 440 and makes the aggregate information available as neighborhood
analysts. Each management device 425 within each of the respective LANs 410D-F
may then collect and analyze the neighborhood analysis, and may additionally
implement operational changes within a corresponding LAN 410D-F based on the
information collected from the WAN 405B.

{08136] Thus, in accordance with one embodiment, instructions are
gencrated by a management device 425 to change the configuration of a LAN

evice based on the neighborhood analysis. In one embodiment, the generated
instructions select a LAN wireless transmission channel for a LAN device
communicatively iderfaced with the management device 425 that minimizes
wircless interference between the LAN device and a plurality of other locations in

45

Charter Communications, Inc.
Exhibit 1006
Page #277



W3 2013/085488 PCT/USIHILG63326

the neighborhood or shared geographical arca 469 with the management device 425,
In some embodiments, each of the management devices within the varicus LANg
410D-F implement similar instroctions, although, the management devices 425
within {he respective LANs 410D-F need not have operational awareness of any
other management device 423 as the neighbothood analysis is collected from WAN
4058, In alternative embodiments, a management device within the WAN 405B or
located elsewhere may initiate insiructions 0 implement an operational change via a
management event 472 within the WAN 4038 or within muliple distinet LANs
410D-F,

{08137] In the above embodiment, operational efficiency of the individual
LANs 410A-F may be improved by reducing interference between closely located
LLANs, based on the neighborhood analysis. Such information may be corrclated by
a WAN operator based on, for example, mapping overlapping identifiers to a
virtually rendered neighborhood or shared geographic area 469 or alicraatively,
based on actual kncowledge of geographic locations for multiple LANs 410, for
cxample, by cross referencing subscribers' service address information o physical
locations.

{08138] Diagnostics may stmailacly rely upon neighborhood analysis yielded
from moltiple distinct LANs 410, For example, multiple LAN devices 410A-F
exhibiting high error counts, or abnormal retrains/modern resets, may be indicative
of a fault within the WAN 405 A-B i1afrastracture rather than a statistically less
likely coincidence that multiple LAN side devices are each simaltancously
exercising a sinlar fault. In a complementary way, neighborhood analysis from
multiple LANs 410A-F within a common geographical arca or multiple LANs
associated with a single shared back-haul 414 may aid in systematically diagnosing
a LAN side fault within a particular end-user consumer's local arca network where
stmilar devices operating in neighboring LANs 410A-F do not present
corresponding errors or faults within the neighborhood analysis.

{06139} Figure 54 shows a diagranunatic representation of a system 300 in
accordance with which erebadiments may operate, be installed, integrated, or
configured.

{89148} In onec embodunent, systern 300 includes a memory 395 and a
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processor or processors 596, For example, memory 395 may store instructions to be
executed and processor(s) 596 may execute such instructions. Processor{s) 396 may
also implement or execute implementing logic 560 having logic to implement the
methodologics discussed berein. Systern 500 inclades communication bus{es) 515 to
transfer transactions, instractions, requests, and data within systern 500 among a
plurality of peripheral devices communicably interfaced with one or more
communication buses $135. In onc embodiment, svstem 300 includes a
commumcation bus 515 {o mterface, transfer, transact, relay, and and/or
communicate information, transactions, nstructions, requests, and data within
system 300, and among plurality of peripheral devices. System 300 further includes
management interface 523, for exarmaple, to receive requests, retumn responses, and
otherwise interface with network clements located separately from system 500

{00141} In some embodiments, management mderface 325 communicates
information via an out-of-band connection separate from LAN and/or WAN based
commmuications, where "in-band” communications are conununications that
fraverse the same comumunication means as payload data {(¢.g., contcot) being
exchanged between networked devices and where "out-of-band” communications
are coramunications that traverse an isolated conumusication means, separate from
the mechamsm for conumunicating the pavload data. An out-of-band connection
may serve as a redundant or backup interface over which to commmunicate control
data between the management device 501 (or one of 170, 325, or 425) and other
networked devices or between the managernent device 501 and a third party service
provider.

{08142} System 300 further inclades LAN mterface 530 to communicate
information via a LAN based connection, inchuding collecting LAN information
from within a LAN, reporting information and diagnostics to other entitics within
the LAN, and for initiating msiructions and commands over the LAN, Information
comnumicated via a LAN mterface 530 may, in some embodiments, traverse the
LAN to a LAN to WAN interface and continue to a destination within a connected
WAN, Systera 500 further inchudes WAN interface 535 o comunumicate
information via a WAN based consection, including collecting WAN information

s within

from within a WAN, reporting information and diagnostics to other entitd
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the WAN, aad for initiating mstructions and coramands over the WAN, Taformation

commusnicated via WAN 1aterface 535 may, in some embodiments, traverse the
WAN to a WAN 1o LAN interface and continae to a LAN based destination.
{D8143] Systern 500 further inchudes stoved historical mformation 350 that

may be analyzed or refercnced when conducting long tenm trending analvsis and

reporting. Systern 500 may further inchude multiple management events 355, any of
which may be initiated responsive to the identification of an operational condition,
For example, corrective actions, additional diagnostics, information probes,
configuration change requests, local conumands, remoic exccution commands, and
the hike may be specified by and triggered as a8 management event 355, Simularly,
operational reports, configuration reports, network activity reports and diagnostic
reports may be generated and sent in accordance with stored management gvents
555, The stored historical information 550 and the managenment events 555 may be
stored upon a hard drive, persisient data store, a database, or other storage location
within system 500

{00144] Distinct within system 500 is Management Device 501 which
includes collection module 570, analysis module 5753, diagnostics module 380, and
implementation moduole 585. Managemernt Device 501 may be instalied and
coufigured in a compatible systern 500 as is depicted by Figure SA, or provided
separately so as {o operate in conjunction with appropriate implementing logic 360
or other software.

{08145} In accordance with one erubodiment, collection module 570
collects information from available sources, such as LAN information and WAN

information via interfaces of system 500, meluding one or more of management

interface 325, LAN interface 530, and/or WAN interface 535, Analysis module ¥

7
i

analyzes the information retrieved via collection module 370. In some
embodiments, LAN information and WAN mformation isjointly analyzed to
identify an operational condition within the LAN based on collected WAN
information or ideniify an operational condition within the WAN based on collocted
LAN information. Analysis module 373 may further perform long term trending
analysis based on stored historical information 530 or conduct neighborhood
analysis bascd on aggregation data yiclded from multiple separate and distinct
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LANs, or conduct other joint analysis based on LAN taformation sets received
and/or based on WAN backhaul connection information sets received. Diagnostics
module 380 may conduct specialized diagnostic rootines and algonthms in
conjanction with or separately from analysis module 375, Diagnostics module 580
may conduct additional probing diagnostics to retrieve or trigger the output of
additional diagnostics mformation for further analysis. Implementation module 385
implements and initiates various magagement events 558 including generating and
instantiating mstractions for local or remote execution, generating and transmitling
configuration change requests, generating and sending operational reports,
diagnostic reports, and configuration reports.

{00146] Figure 5B shows a diagramumatic representation of a system 502 in
accordance with which embodiments may operate, be installed, integrated, or
configured. Depicted as before are a memory 393, processor(s), bus 515, a
management interface 525 to communicaie with system 502 including to
communicate with sub-components $91 and 390 of systera 302, LAN interface 330
capable to communicate with LANs and LAN devices, WAN 1nterface 335 capable
to communicate with WANs, WAN backhaul coanections and WAN devices, and
implementing logic 560,

{08147] Traffic aggregation unit 391 and traffic de-aggregator 390 are
separately depicted within systern 502, Traffic aggregation unit 591 nchudes
receiving unit 581 {o receive data, packets, traffic, control signals and messages, and
so forth. Traffic aggregation anit 591 inclades backbaul bonding unit 582 to bond
multple distinct WAN backhaul connections into & single logical backhaul
connection. Traffic aggregation unit 591 includes data aggregation unit 383 to
collect and aggregate data, packets, traffic, and so forth associated with multiple
distinct connections, such as distinet LAN connections, and place the incoming data,
packets, traffic, eic., onto a logical bonded backhaul connection formed by the
traffic aggregation unit 391. The data, packets, traffic, etc., once aggregated by data
aggregation unit 583 are transoutied, forwarded, or routed forward via the
transmitiing unit 584,

{00148] Traffic de-aggregator 590 includes receiving unit 591 to receive

ncoming data, packets, traffic, etc. For example, such incomung data, packets,
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control packets, traffic raayv originate from various sources within a WAN, such as
from sources accessible via the Internet, and be destined for one of the LANg
communicably interfaced with the traffic de-aggregator 590, Traffic de-aggregator
590 further includes data de-aggregation unit 593 to sphit, separate, divide up, de-
aggregate incoming data, packets, traffic etc. which is received by receiving unit
$91. For example, data coming inio the waffic de-aggregator 590 needs to be split
up and placed onto different WAN backhaul connections for transmission back to an
originating source or {o a target source in accordance with the described
embodiments. Traffic de-aggrogator 590 further includes transmifting unit 394 t©
place de-aggregated data, packets, frames, ete., onto multiple WAN backhaul
connections for transmission to a specified target as described above.

{00149] Figures 6A, 6B, and 6 are flow diagrams 6004, 6008, and 600C
respectively, illustrating methods for traffic aggregation; methods for traffic oad
balancing; and methods for self-healing v accordance with described erabodiments.
Methods 6004, 6008, and/or 600C may be performed by processing logic that may
include hardware (¢.g., cirouitrv, dedicated logic, programmable logic, microcode,
cic.), software (©.g.. instructions run on a processing device to performa various
operations such as interfacing functions, collecting, raonitoring, diagnosing and
reporting tnformation, and exccuting/initiating management events, commands and
instructions responsive to analysis aed diagnosis, or some corbination thereof). In
one embodiment, methods 600A, 6008, and 600C are performed or coordinated via
a Management device such as that depicted at clement 170 of Figiwe lorviaa
Management Device such as that depicted at element 501 of Figure 3A. Other
embodiments unlize a traffic aggregation unit such as that set forth at clement 225
beginning at Figure 2A and element 591 of Figure 5B, Stll other embodiments
utilize a traffic de-aggregator such as that set forth at element 235 beginning at
Figure 2B and element 390 of Figure 5B. Some of the blocks and/or operations
listed below are optional in accordance with certain embodiments. The numbering
of the blocks presenied is for the sake of clarity and is not intended to prescribe an
order of operations in which the various blocks must occur. Additionally, operations
from the various flows G004, 6008, and 600C may be utilized in a varicty of
combinations.
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{09156] Method 600A begins with processing logic for establishing a first
Local Area Network (LAN) via a first access device as set forth at block 602, At
block 604, processing logic establishes a second LAN via a second aceess device.

{D8151] At block 606, processing logic provides the first LAN access
device with WAN connectivity via a first Wide Arca Network (WAN) backhaul
connection and at block 608, processing logic provides the second LAN access
device with WAN connectivity via a second WAN backhaol conaection.

{06152 Atblock 610, processing logic communicatively mterfaces a traffic
aggregation unit.

{06133] Atblock 612, processing logic forms a logically bonded WAN
interface over the first WAN backhaul and the second WAN backhaul.

{66154] At block 614, processing logic combines traffic from different
connections into aggregated fraffic,

{00155} Atblock 616, processing logic communicatively interfaces a traffic
de-aggregator.

{09156} Atblock 618, processing logic bonds Iaternet Protocol {(IP)
addresses associated with traffic originating frora both the ficst LAN and the second
LAN.

{08157 Atblock 620, processing logic routes the traffic having the bonded
IP addresses hrough the waffic de-aggregator.

{D8158] Atblock 622, processing logic provides an alternate backup
communications path to the logically bonded WAN interface responsive to a falure
cvent.

{68139} Method 6008 beging with processing logic for establishing a first
Local Area Network (LAN) via a first access device as set forth at block 640. At
block 642, processing logic establishes a sccond LAN via a second access device.

{66166] At block 644, proccssing logic provides the first LAN access
device with WAN connectivity via a first Wide Arca Network (WAN) backhaul
connection and at block 646, processing logic provides the sccond LAN access
device with WAN connectivity via a second WAN backhaul connection.

{09161} Atblock 648, processing logic communicatively interfaces a
management device.
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{09162} Atblock 650, processing logic routes a fust portion of traffic
originating from the ficst LAN over the first WAN backbaul connection,

{68163} At block 652, processing logic rowtes a second portion of the fraffic
originating from the first LAN over the second WAN backhaul connection.

{68164} At block 654, processing logic implements load-balancing for the
first LAN or the second LAN or both.

{68165] At block 656, processing logic implements an aggregate transfer
rate for WAN connectivity which is greater than a transfer rate for the first or
second WAN backhan! connections individually.

{08166] At block 658, proce

g logic allocates a portion of bandwidth
associated with the sccond WAN backhaul connection to the first LAN access
device.

{00167] At block 660, processing fogic instructs a first LAN device 1o route
or switch the second portion of traffic over a wireless commusications link from the
first LAN access device to the sccond LAN access device and onto the second
WAN backbaul connection.

88168} Atblock 662, processing logic collects information about the first
and second WAN backbaul consections and the first and second LANs.

{D8169] At block 664, processing logic jointly analyzes the collected
information to identify an operational condition.

{8176 Atblock 666, processing logic initiates a manageraent event
responsive to the operational condition being identified.

{08171] At block 668, proce

g logic generates instructions specifying a
configuration change to a network element responsive {o the operational condition.

{66172] Method 600C begins with processing logic for cstablishing a first
Local Arca Network {(LAN) via a furst access device as set forth at block 680. At
block 682, processing logic establishes a second LAN via a second access device.

{00173] Atblock 684, processing logic provides the first LAN access

avice with WAN connectivity via a first Wide Area Network (WAN) backhaul

counection and at block 686, processing logic provides the second LAN access
device with WAN connectivity via a second WAN backbaul consection.

{88174} Atblock 688, processing logic communicatively interfaces a
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management device.

{88175} Atblock 690, processing fogic implements the management device
from within the first LAN access device, from within 3 WAN access device, from
within an externally separate and physically distinet device separate from the LAN
access device and the WAN access device, or from within a service provider, and
operates the management device therefrom.

{08176} Atblock 692, processing logic re-routes traffic responsive o a
faiture event.

{001771 Atblock 694, processing logic performs a SONET or SDH
compatible rapid re-route function.

{08178] Atblock 696, processing logic performs a first traffic re-route
operation responsive to a hard failure cvent characterized by a total loss of
connechivity,

{08179] Atblock 698, processing logic performas a second traffic re-route
operation responsive to a soft failure event characterized by degraded connectivity.

{00180] Figure 7 illustrates a diagrammatic represeniation of a machine
706 10 the exemplary form of a computer system, in accordance with one
embodiment, within which a set of 1astructions, for causing the machine 700 to
perform any one or more of the methodologies discussed hercin, may be execuated.
In aliernative embodiments, the machine may be connected (e.g., networked) (o
other machines in a Local Arca Network (LAN}, a Wide Arca Network, an intranet,
an extranet, or the Internet. The machine may operate in the capacity of a server or a
client machine n a client-server network environment, or as a peer machine in a
peer-to-peer {or distributed) network environment. Certain embodiments of the
machine may be n the form of a personal computer (PC), a tablet PC, a set-top box
(STB), a Personal Digital Assistant (FDA), a celiular welephone, a web appliance, a
server, a network router, switch or bridge, computing svstem, or any machine
capable of executing a set of instructions (scquential or otherwise) that speciy
actions 1o be taken by that machine. Further, while ondy a single machine is
dlustrated, the tern "machine” shall also be taken to include any collection of
machines (e.g.. computers) that individually or jointly execute a set (or muldtiple
sets) of mstructions to perform any one or more of the methodologies discussed
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berein.

{6181} The exemplary computer systemn 700 includes a processor 702, a
main memory 704 (e.g., read-only memory (ROM), flash memory, dynamic random
aceess memory (DRAM) such as synchronous DRAM (SDRAM) or Rambas
DRAM (RDRAM), cic., static memory such as flash memory, static random access
memory (SRAM), volatile but high-data ratc RAM, etc)), and a secondary memory

718 {c.g., a persistent storage device including hard disk drives and persistent data

base implementations), which communicate with each other via a bus 730, Main
memaory 704 includes information and instructions and software program
componenis necessary for performing and exccuting the functions with respect to
the various embodiments of the Management Device, the traffic aggregation unit,
and/or the traffic de-aggregator as described herein. For example, historical
WAN/LAN information 724 may be coliected LAN information from a LAN and
WAN information frorn a LAN which may be collected over a period of time and
referenced later fir performing trending analysis. Manageraent events may be
imitiated based on historical WAN/LAN infoomation 724, Operational conditions
may be derived froro historical WAN/LAN information 724. Such historical
WAN
collected from LANs, WANSs, or WAN backhaul conncections, historical WAN/LAN

/LAN information 724 may include various information sets, such as those

information 724 may include neighborbood analysis, and so forth. Management
events 723 may be stored within main memory 704 and as collected and determined
by management device 734, Main memory 704 and its sub-clemends (2.g. 723 and
724) are operable in conjunction with processing logic 726 and/or software 722 and
processor 702 to perform the methodologies discussed herein.

{00182] Processor 707 represents one or more gencral-purpose processing
devices such as a microprocessor, cenfral processing unit, or the like, More
particularly, the processor 702 may be a complex instruction set computing (CISC)
microprocessor, reduced instruction set computing (RISC) microprocessor, very
long instruction word (VLIW) microprocessor, processor implementing other
instruction sets, or processors implementing a corabination of iostruciion sets.

Processor 702 may also be one or more special-purpose processing devices such as

an application specific integrated cireunit (ASIC), a ficld progranunable gate avay
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(FPGA), a digital signal processor (DSP), aetwork processor, or the like. Processor
702 is configured to execute the processing logic 726 for performing the operations
and functionality which is discussed herein.

{D8183] The computer system 700 may farther include one or more network
interface cards 708 to commmumcatively interface the computer system 700 with one
or more networks 720 from which information may be coliccted for analysis. The
computer systern 700 also may include auser interface 710 (such as a video display
unit, a liqued crystal display (LCD), or a cathode ray tube (CRT)), an alphanumeric
input device 712 {e.g., a keyboard), a cursor control device 714 {c.g., a mouse), and
a signal generation device 716 (e.g., an mtegrated speaker). The computer system
700 mayv further include peripheral device 736 (e.g., wircless or wired
communication devices, memory devices, storage devices, audio processing
devices, video processing devices, etc.). The computer system 700 may perform the
functions of a Management Device 734 capable interfacing networks, monitoring,
collecting, analyzing, and reporting information, and initiating, triggering, and
cxecuting varicus management events including the execution of commands and
instructions to alter an identified operational condition or perform corrective
measures on a diagnosed fault, as well as the varous other functions and operations
described herein. Plata aggregation anit 735 implements data aggregation
operations, such as collecting and combiming data, traffic, frames, packets, etc.,
which are associated with a source, such as a LAN device or a LAN node. Data de-
aggregator 733 suplements data de-aggregation operations, such as collecting and
splitting, dividing, separating, etfc., data, traffic, frames, packets, and so forth from a
source which is destined for a target, such as a node or device within a connected
LAN.

{00184} The secondary memory 718 may include a non-transitory machine-
cadable storage mediuwm {or more specifically a non-transitory machine-accessible
storage medium) 731 on which is stored one or more sets of instructions (e.g.,
software 7223 embodving any onc or more of the methodologics or functions
described herein. Software 722 may also teside, or altersatively reside within main
memory 704, and mayv further reside corapletely or at least partially within the
processor 702 duriag execution thereod by the computer system 700, the main
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memory 704 and the processor 702 also coustituting machine-readable storage
media. The software 722 may further be transmitted or received over a network 720
via the network interface card 708.

{D8185] While the subject matter disclosed beretn has been described by
way of example and in terms of the specific embodiraents, it is to be understood that
the claimed embodiments are not fouited to the exphicutly enumerated embodiments

isclosed. To the contrary, the disclosure is intended to cover various modifications
and similar arrangements as would be apparent o those skilled in the art. Therefore,
the scope of the appended claims should be accorded the broadest interpretation so
as to encompass all such modifications and similar arrangements. It is to be
understood that the above description is miended to be llustrative, and not
restrictive. Many other emboduments will be apparent to those of skill in the art
upon reading and understanding the above description. The scope of the disclosed
subject matter is therefore to be determined in reference to the appended claums,

along with the full scope of equivalents to which such clatms are entitled,
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CLAMMS

What is claimed is:

1. A svstom comprising:

a first Local Area Network (LAN) access device to establish a first LAN,

a second LAN access device to establish a second LAN operationally distinct from
the first LAN;

a first Wide Area Network (WAN) backhaul connection to provide the firsi LAN
access device with WAN connectivity;

a second WAN backhaul connection to provide the second LAN access device with
WAN connectivity, wherein each of the first WAN backhaul and the second
WAN backhaul are physically distinct; and

a traffic aggregation unit to form a logically bonded WAN interface over the first
WAN backhaul and the second WAN backhaul.

2. The system of claim ¥, wherein the logically bonded WAN interface to provide
the first LAN access device and the second LAN access device with WAN
coanectivity via a combination of first bandwidih accessible via the first
WAN backhaul connection and second bandwidth accessible via the second
WAN backhaul cosnection.

3. The systom of claim 2, wherein the fogically bonded WAN 1aterface to provide
the first LAN access device with WAN connectivity and further provide the
second LAN access device with WAN connectivity, and wherein the
logically bonded WAN interface to supplant the first WAN backhaul
connection for providing the first LAN access device with its respective
WAN connectivity and to further supplant the second WAN backhaul
connection for providing the second LAN access device with its respective
WAN connectivity.

4. The svstem of claim 1

wherein the first WAN backhaunl connection to provide the first LAN access device
with WAN connectivity comprises the first WAN backhaul connection o
provide the first LAN access device with WAN conmectivity via the first
WAN backhaul connection to a Service Provider that provides one or more

of data conacctivity, voice connectivity, video connectivity, and rachile
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device connectivity 1o a plurality of subscribers; and

wherein the second WAN backhaul connection to provide the second LAN access
device with WAN connectivity comprises the second WAN backhaul
connection to provide the second LAN access device with WAN
connectivity via the second WAN backhaul connection to the same Service
Provider via a physically dislinct commaunications link to the same Service
Provider.

3. The system of claim 4:

wherein the physically distinct commuucations hnk to the same Servies Provider
associaled with the second WAN backhaul connection is identified by an
Internet Protocol (1P} address distinct from an IP address for the first WAN
backhau! connection; and

wherein the physically distinct commuucations hnk to the same Servies Provider
associated with the second WAN backhaol connection is associated with a
subscriber's account distinct from a subscriber's account associated with the
first WAN backbaul connection,

6. The system of claim

wherein the first WAN backhaul connection to provide the first LAN access device
with WAN connectivity comprises the first WAN backhaol connection to
provide the first LAN access device with WAN connectivily via the first
WAN backhaul connection to a first Service Provider that provides one or
more of data connectivily, voice coanectivity, video connectivity, and
mobile device connectivity to a plurality of subscribers; and

wherein the second WAN backhaul connection to provide the second LAN access
device with WAN connectivity comprises the sccond WAN backhaul
connection to provide the second LAN access device with WAN
connectivity via the second WAN backhaul connection to a second Service
Provider separate and distinct from the first Service Provider.

7. The system of claun 1, wherein at least a portion of traffic originating from the
first LAN and at least a portion of traffic originating from the second LAN
traverses the logically bonded WAN interface.

&. The system of claim i
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a) wherein a first plurality of teaffic packets originating from the first LAN traverses
the logicatly bonded WAN interface via the first WAN backhaul through the
traffic aggregation anit;

b)Y wherein a second plurality of traffic packels originating from the first LAN
traverses the logically bonded WAN inderface via the second WAN backhaul
through the raffic aggregation unit;

¢} wherein a third plarahity of traffic packets originating from the second LAN
traverses the logically bonded WAN interface via the first WAN backhaul
through the traffic aggregation unit; and

y wherein a fourth plurality of traffic packets originating from the second LAN
traverses the logically bonded WAN interface via the second WAN backbaul
through the traffic aggregation unit.

9. The system of clam 1

wherein the first LAN comprises a first plurality of interconnected LAN nodes, each
of the first plurality of interconnected LAN nodes identifiable within the first
LAN by aprivate {ntemet Protocol (IP) address managed by the fust LAN
access device;

wherein the second LAN comprises a second plurality of interconnected LAN
nodes. cach of the sccond plurality of interconnected LAN nodes 1dentifiable
within the second LAN by a private 1P address managed by the second LAN
access device;

wherein the first LAN access device is identifiable via a first unique Public [P

and

address assigned to the first LAN access devi

wherein the second LAN access device s identifiable via a second unique Public P
address assigned to the sccond LAN access device.

10, The system of claim 9:

wherein cach of the first and second unigue Public IP address are directly
addressable via a public Internet; and

wherein none of the first or sccond plurality of interconnected LAN nodes are
directly addressable via the public Internet and wherein each of the fust or
second plurality of interconnected LAN nodes require address translation o
a corresponding private [P address associated with the respective one of the

39

Charter Communications, Inc.
Exhibit 1006
Page #291



W3 2013/085488 PCT/USIHILG63326

first or second plurality of inderconnected LAN nodes to receive traffic from
the public Internct.
11. The system of claim L
whearein the {irst LAN comprises a first plurality of interconnected LAN nodes, each
of the first plurality of interconnected LAN nodes identifiable within the first
LAN by one or more Virtual Local Arca Network (VLAN) tags managed by
the first LAN access device:
wherein the second LAN comprises a second plarality of interconnected LAN
nodes, cach of the second plurality of interconnected LAN nodes identifiable
within the second LAN by a second one or more VLAN tags which are
managed by the second LAN access device;
wherein the first LAN access device provides Voice over Intemet Protocol (VolP)
services and/or Internet Protocol Television (IPTV) services to one or more
of the mderconuected LAN nodes within the fiest LAN based on Ethernet
fevel addressing using the one or more VLAN tags;
wherein the second LAN access device provides VolP services and/or IPTV
setvices to one o raore of the interconnested LAN sodes within the second
LAN based on Ethernet level addressing using the second one or more
/LAN tags, and

wherein any of the first and second plurality of mterconnected LAN godes are
aniguely identifiable based at least on the one or more VLAN tags
respectively managed by the first or second LAN access device.

12. The system of claim 1, wherein the traffic aggregation unit comprises a Public
Internet Protocol (IP) address distinet from a public 1P address associate
with the first LAN access device and distinet from a public 1P address
associated with the second LAN access device.

13. The system of claim 1:

wherein the first WAN backhanl connection comprises a first transfer rate with the
first LAN;

wherein the second WAN backhaul connection coraprises a second transfer rate
with the second LAN: and

wherein the logically bonded WAN nterface comprises an aggregate transfer rate
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with the first LAN and with the second LAN which is greater than the first
transfer rate and is greater than the second transfer rate.

14, The system of claim 1

whearein the (raffic aggregation unit operates physically separate and distinct from
cach of the first LAN access device and the second LAN access device,

wherein the (raffic aggregation uail is commuaicatively interfaced between the first
LAN access device and the first WAN backhaul connection, the traffic
aggregation unit having a direct communications link to cach of the first
LAN access dovice and the first WAN backbaul connection; and

wherein the traffic aggrogation unit is communicatively interfaced with the second
LAN access device, the traffic aggregation unit comprising an indirect
communications hink to the sccond WAN backhaul connection through the
second LAN access device which operates in direct communication with the
second WAN backhaul connection.

15, The system of claim 14

further comprisiag a third LAN access device, the thied LAN access device
coramunicatively interfaced between the traffic aggregation unit and the
second LAN access device and having a direct communications link to each
of the traffic aggregation unit and the second LAN access device; and

wherein the traffic aggregation wut communicatively interfaced with the second
LAN access device comprises the traffic aggregation unit having an indirect
communications hnk to the second LAN access device through the third
LAN access device, wherein the third LAN access device provides an
alternate backup communications path to the logically bonded WAN
interface over the first WAN backhaul and the second WAN backhanl
responsive 1o a falure event at one of the first LAN access devies or the
second LAN access device.

16. The system of clamm 13, further comprising a fraffic de-aggregator
communicatively interfaced between the first WAN backhaul connection
and the second WAN backhaul connection; and

wherein the traffic aggregation wnit to form a logically bonded WAN interface over
the first WAN backhaul and the second WAN backhaul comprises the traffic
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aggregation unit to bond Intermet Protocol (TP) addresses associated with

traffic originating from both the first LAN and the second LAMN, and further

to roate the traflic having the bonded 1P addresses through the traffic
de-aggregator.

17. The system of claim 16:

wherein the (raffic de-aggregator is managed by a Service Provider that provides
one or more of data connectivity. voice conaectivity, video connectivity, and
mobile device connectivity to a plurality of subscribers via the first and
second WAN backhaul connections; and

wherein the traffic de-aggregator operates physically separate and distinet from each
of the first LAN access device, the second LAN access device, the third
LAN access device, and the traffic aggregation unit.

18, The system of clam 1:

wherein the traffic aggregation wnit operates as an integrated sub-component of the
first LAN access device, the first LAN access device operating physically
separate and distinct from the second LAN access device,

wherein the traffic aggregation unit is communicatively interfaced with the fust
WAN backhaul connection via a communications interface of the first LAN
access device; and

wherein the traffic aggregation wut is conumunicatively interfaced with the second
LAN access device, the traffic aggregation nuit coraprising an indirect
communications hink to the sccond WAN backhaul connection through the
second LAN access device which operates in direct communication with the
second WAN backhaul connection.

19. The svstem of claim 18, further comprising a traffic de-aggrogator
communicatively mierfaced between the first WAN backhaul connection
and the second WAN backhaul connection; and

wherein the traffic aggregation unit to form a logically bonded WAN mterface over
the first WAN backhbaul and the second WAN backhaul comprises the traffic
aggregation unit to boad Internet Protocol (IP) addresses associated with
traffic originating from the first LAN and the second LAN and route the
traffic having the bonded IP addresses through the traffic de-aggregator.
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20. The svstem of claim 1

wherein at loast one of a plurality of LAN devices operating within the first LAN
comprises a first communication path to the first WAN backhaul connection
through the first LAN access device and further comprises a second
communication path to the second WAN backhaol connection through the
second LAN access device.

21. The systern of clatm 20, wherein the at least one LAN device comprises at loast
one of:

a multiploxing wircless transceiver capable to simultancously maintain a {irst
wireless communication path to the first LAN access device and a second
wireless commuucation path to the second LAN access device by
multiplexing between the first and sccond wireless communication paths
respeciively:

awireless transceiver capable to establish the furst wireless communication path 1o
the first LAN aceess device and capable to establish the wireless second
communication path to the second LAN access device by temminating the
first wireless comraunication path and switching o the second wireless
communication path; and

a first wireless {ransceiver and a second wireless transcetver, the first and second
wireless transcetvers capable to establish the first wireless communication
path to the first LAN access device and capable to establish the wireless
second communicaiion path o the second LAN access device either
concurrently or not concurrently with the first wireless communication path
to the first LAN access device.

22. The svstem of claim 20:

wherein the first LAN aceess dovice is within a rosidential premises common to the
at least one of a plurality of LAN devices operating within the first LAN;

wherein the second LAN access device is within a second residential premises in a
neighboring vicinity to the first residential premises, wherein a wireless
coverage area associated with the second LAN access device overlaps with
the furst residential premises and the at least one of a plurality of LAN
devices operating within the first LAN; and
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wherein the at least one of a plurality of LAN devices operating within the first
LAN establishes connectivity with the second WAN backbaul connection
through the second LAN access device responsive {o a failure event
associated with the first LAN access device.

23. The system of claim 20:

wherein at least one of a plarality of LAN devices operating within the fiest LAN,
responsive 0 a fathure event associated with the first LAN access device,
establishes connectivity (o the second WAN backhaul connection via a
wircless conneciion between an transceiver of the at least one of the plurality
of LAN devices within the first plurality of LAN devices and an transceiver
of the second LAN access device which is external to, and operationally
distinet from, the first LAN access device; and

wherein the failure event corresponds to a hard failure event characterized by a total
loss of connectivity between the first LAN access device and the
carresponding first WAN backhau! connection or a soft fadure event
characterized by degraded consectivity, based on a threshold, between the
first LAN access device and the corresponding first WAN backhaul
connection.

24, The system of claim 23, wherein the wireless connection between the
transcetver of the at least one of the plarality of LAN devices withun the first
LAN and the transceiver of the second LAN aceess device comprises the at
least one of the plarabity of LAN devices connecting with the second LAN
access device using a guest SSID (Service Set Identification) on the second
LAN access device.

25, The system of claim 24, wherein the guest SSID on the sccond LAN access
device enables guest devices to communicate with the second WAN
backhau! connection through the second LAN access device and further
wherein the guest SSID on the second LAN access device restricts the guest
devices from communicating with any devices operating within the sccond
LAN without first traversing the second WAN backhaul consnection.

26. The systera of claim 1:

wherein the traffic aggregation unit operates as an infegrated sub-componeat within
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one of a plurality of LAN devices operating within the first LAN;

wherein the traffic aggrogation untt is communicatively interfaced with the first
WAN backhaal connection via a communications path {o the first LAN
access device which in turn is interfaced via a communications path to the
first WAN backhaul connection; and

wherein the traffic aggregation unil, ntegrated as the sub-component within the one
of the plarality of LAN devices operating within the first LAN, is
communicatively interfaced with the second LAN access device, wherem the
fraffic aggregation wut comprises an mdirect communications link o the
second WAN backhaul connection through the second LAN access device
which operates in direct communication with the second WAN backhaul
connection.

27. The system of claim 26, wherein the tratfic aggregation unit communicates with
the first LAN access device through a wireless communication path from the
one of the plurality of LAN devices to the first LAN access device and
further wherewn the traffic aggregation wut comununicates with the second
LAN access device through a second wireless communication path from the
one of the phurality of LAN devices o the second LAN access device,

28. The sysiem of clamm 27, wherein the {irst and second wireless communication
paths from the one of the plurality of LAN devices to the first and second
LAN access devices respectively comprises at least one of:

wireless connectivity via a multiplexing wireless transceiver that simualtancously
mainigins the first wireless communication path to the first LAN aceess
device and the second wireless commumication path to the second LAN
access device by multiplexing between the first and second wireless
communication paths respectively;

wircloss connectivity via a wireless transceiver capable to establish the first wireless
communication path to the first LAN access device and capable to establish
the wireless second communication path to the sccond LAN aceess device
by terminating the first wireless comraunication path and switching to the
second wireless comraurdcation path; and

wireless connectivity via a first wireless transceiver and a second wireloss
&S
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transceiver, the first and second witeless transceivers capable to establish the
first wircless comnunication path to the fiest LAN access device and
capable to cstablish the wircless second communication path to the second

LAN access device sither concurrently or not concurrently with the first

[¢]

wireless communication path to the first LAN access devic

29, The sysiem of claim 26, further comprising a raffic de-aggregator
communicatively interfaced between the first WAN backhaul connection
and the second WAN backhaul connection; and

wherein the traffic aggregation unit to form a logically bonded WAN mterface over
the first WAN backhaul and the second WAN backhaul comprises the traffic
ageregation unit to bond Internet Protocol (IP) addresses associated witl
traffic originating from both the first LAN and the second LAN, and further
to route the traffic having the bonded TP addresses through the traffic
de-aggregator.

39, The system of claim 29

wherein the traffic de-aggregator is managed by a Service Provider that provides
one or more of data connectivity, voice connectivity, video connectivity, and
mobile device connectivity to a plurality of subscribers via the first and
second WAN backhaol connections; and

wherein the traffic de-aggregator operates physically separate and distinet from each
of the first LAN access device, the second LAN access device, the third
LAN access device, and the traffic aggregation onit.

31 The system of claim 1, wherein each of the first WAN backhaul connection and
the second WAN backhaul comnection are selected from the group of WAN
backhaul connections comprising:

a broadband connection;

a Digital Subscriber Line (DSL) connection;

a cable connection;

a femmtocell connection;

a mobile connection,

a fiber connoction;

a wircless connection; and
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an access Broadband Over Power Line (BPL) connection.

32, The system of claim 1:

wherein each of the first and second LANs comprise at least a user device; and

wherein each of the first and second LAN access devices commumicably link each
of the respective user devices with one of the first WAN backhaul
connection or the second WAN backhaul connection.

33. The system of claim | wherein each of the first LAN and the second LAN

3

comprise a plarality of imterconnected nodes; and

wherein each of the plurality of interconnected nodes conwnmumicate via at feast one
oft

an Ethernet based network connection;

a wireless based network connection;

an fnstitute of Flectrical and Electronics Engineers (IEEE) 802, 11 standards based
network conpection;

an 802.11a, 802.11b, 802. Ug, and/or 802.111 wircless compatible network
connection;

a femto vetwork conpection transraifting via a mobie cellular compatible protocod
including at feast one of a third geperation (3G) compatible protocol, a
fourth generation (4G) compatible protocol, and a Long Term Evolution
{LTE) compatible protocol;

a power line connection;

a telephone system connection;

a Plamn Old Telephone Service (POTS) connection;

a Ghn dTU-T standardized unified high-speed wire-line based home networking)
connection; and

a Coax cable connection.

34, The systera of claim 1, wherein cach of the first LAN access device and the
sccond LAN access device are sclected from the group of access devices
comprising:

a base station;

an access point,

a modem;
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a router;

a gateway,

a Digital Sabscriber Line (DSL) Customer Premises Equipment (CPE) modem;

an in-home power line device;

a Home Phoneline Network Alliance (HPNA) based device;

an in-home coax distribution device;

a G.hn compatible device:

an m-home metering conumunication devics;

an in~-home appliance communicatively interfaced with the LAN;

a wircless femtocell base station;

a wireless compatible base station;

a wircless mobile device repeater;

a wircless mobile device base station;

a set-top box (STB)/set-top unit (STU) customer electronics device;

an Intemet Frotocol (IP) enabled television;

an IP enabled medsa player;

an fP enabled gaming console;

an Ethemet gateway,

a computing device connected to the LAN,

a HomePlag dovice,

an FEEE P1901 standards compatible access Broadband over Power Line (BPL)
device;

an Fthernet connected computer peripheral device;

an Ethernet connected router;

an Ethemet connected wircless bridge;

an Ethernet connected network bridge; and

an Ethemet connected notwork switch.

35. The system of claim 1, further comprising

a third LAN access device, communicably intorfaced between the furst LAN access
device and the second LAN access device; and

wherein the traffic aggregation unit operates as an integrated sub-component of the
third LAN access device, the third LAN access device operating physically

(3
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separate and distinet from each of the first LAN access device and the
second LAN access device.

36. The syster of claim 1, wherein the traffic aggrogation wmi comprises:

a first connection, via a device communicably interfaced with the second LAN
access device;

a sccond connection, to compuunicably aterface the traffic aggregation unit with the
first WAN backhasl connection; and

a data aggregation unit to combine traffic from the first connection and traffic from
the second connection inte aggregated traffic.

37. The system of claim 36, further comprising:

a data de-aggregation umit conununicably mierfaced with the first WAN backhaul
conpection and conunumicably mierfaced with the second WAN backhaul
connection, the data de-aggregation unit to de~aggregaie iraffic onto the first
connection and onto the second cobnection as de-aggregated traffic.

38. A method comprising:

establishing a first Local Arca Network (AN} via a first access device;

establishing a second LAN via a sccond access device, wherein the second LAN is
operationally distinct frora the first LAN,

providing the first LAN access device with WAN connectivity via a {irst Wide Arca
MNetwork (WAN) backhasl connection;

providing the second LAN access device with WAN connectivity via a second

WAN backhaul connection, wherein cach of the first WAN backhaol and the
second WAN backhaul are physically distinet; and

forming alogically bonded WAN interface over the first WAN backhaul and the
second WAN backhaul.

39, The method of claim 38:

wherein the logically bonded WAN interface provides the first LAN access device
and the second LAN access device with WAN connectivity via a
combination of first bandwidth accessible via the first WAN backhaul
sonnection and second bandwidth accessible via the second WAN backhaul
connection; and

iy bonded WAN mierface to supplants the fiust WAN backbaul

(&Y

wherein the logi
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connection for providing the first LAN access device with its respective
WAN connectivity and supplants the second WAN backbagl connection for
providing the second LAN access device with iis respective WAN
connectivily.

40. The method of claim 38:

ay wherein a first plarality of traffic packets originating from the first LAN traverses
the logically bonded WAN mnierface via the first WAN backbaul throagh the
traffic aggregation unit;

b) wherem a second plurality of traffic packets onginating from the first LAN
traverses the logically bonded WAN nterface via the second WAN backhaul
through the traffic aggregation wnif;

¢) wherein a third plurality of traffic packets onginating from the second LAN
fraverses the logically bonded WAN interface via the first WAN backhaul

gregation unit; and

through the traific agg

d) wherein a fourth plurslity of traffic packets originating from the second LAN
traverses the logically bonded WAN interface via the second WAN backhaul
through the raffic aggregation unit.

41. The rocthod of claim 38:

wherein the {irst WAN backhaul connection comprises a fiest transfer rale with the
first LAN;

whearein the second WAN backhaul connection comprises a second transfer rate
with the second LAN: and

wherein the logically bonded WAN interface comprises an aggregate transfer rafe
with the first LAN and with the second LAN which is greater than the first
transfer rate and is greater than the sccond transfer rate,

42, The method of claim 38:

wherein the traffic aggregation unit operates physically separate and distinet from
each of the first LAN access device and the second LAN access device;

wherein the traffic aggrogation nnit is communicatively interfaced between the first
LAN access device and the first WAN backhaul connection, the fraffic
aggregation unif having a direct communications Jink to each of the first

LAN access device and the first WAN backhaul connection; and
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wherein the traffic aggregation wit is commurdcatively interfaced with the second
LAN access device, the tratfic aggregation unif cornprising ao iadirect
communications link to the second WAN backhaul consection through the
second LAN access device which operates in direct communication with the
second WAN backhaul connection.

43, The method of clamm 38:

commumcatively mierfacing a thued LAN access device between the traffic
aggregation unit and the second LAN access device;

establishing a dircet communications link from the third LAN access device 1o each
of the traffic aggregation unit and the second LAN access device, and

wherein the traffic aggregation unit communicatively interfaces with the second
LAN access device by establishing an indirect communications link to the
second LAN access device through the third LAN access device, wherein the
third LAN access device provides an alternate backup communications path
1o the logically bonded WAN mterface over the first WAN backhaul and the
scoond WAN backhaul responsive to a failure event at one of the first LAN
access device or the second LAN access device,

44, The method of claim 38, further comprising:

communicatively mterfacing a traffic de-aggregator between the first WAN
backhaunl connection and the second WAN backhanl connection; and

N

interface over the first WAN backhaul

whearein forming the logically bonded W/
and the second WAN backhaul comprises a traffic aggregation unit:
(2} bonding Internet Protocol (0P) addresses associated with traffic
originating from both the first LAN and the second LAN, and
() routing the traffic having the bonded [P addresses through the traffic
de-aggregator.
45, The method of claim 44:
wherein the traffic de-aggregator is managed by a Service Provider that provides
one or more of data connectivily, voice connectivity, video connectivity, and
nmobile device connectivity 1o a plurality of subscribers via the first and
second WAN backhaul connections; and
wherein the traffic de-aggregator operates physically scparate and distinet from cach
71

Charter Communications, Inc.
Exhibit 1006
Page #303



W3 2013/085488 PCT/USIHILG63326

of the first LAN access device, the second LAN access device, the third

LAN access device, and the traffic aggy

46. The method of claim 38:

whearein at least one of a ploralily of LAN devices operating within the first LAN
comprises a first communtcation path to the first WAN backhaul connection
through the first LAN access device and further comprises a seoond
communication path to the second WAN backhaol connection through the
second LAN access device.

47, The method of claim 46, wherein the at least one LAN device comprises at least
one of:

a multiplexing wireless transceiver capable to simultancously maintain a first
wircless communication path to the first LAN access device and a second
wircless communication path to the second LAN access device by

muoltiplexing between the first and second wireless coramunication paths

a wireless transceiver capable to ostablish the frst wireless comumunication path to
the first LAN access device and capable to establish the wireless second
commumication path to the second LAN access device by tenminating the
first wircless communication path and switching to the second wircless
communication path; and

a first wireless transceiver and a second wireless transceiver, the first and second
wireless transcetvers capable to establish the first wireless communication
path to the first LAN access device and capable to establish the wircless
second communication path to the second LAN access device cithe
concurrently or not concurrently with the first wireless communication path
to the first LAN access device.

48. The method of claim 38, further comprising:

establishes connectivity from at least one of a plurality of LAN devices operating
within the first LAN to the second WAN backhaunl connection via a wireless
connection between an transcoiver of the at least ong of the plurality of LAN
devices within the first plurality of LAN devices and an transceiver of the
second LAN access device which is external to, and operationally distinct

7
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from, the first LAN access device, responsive o a failure event associated
with the first LAN access device, and

wherein the fatlare event corresponds to ahard fatlure event characterized by a total
loss of connectivity between the first LAN access device and the
corresponding first WAN backhaul connection or a soft fathire event
characterized by degraded conneciivity, based on a threshold, between the
first LAN access device and the corresponding first WAN backhaal
connection.

49, The method of claim 38, wherein a guest S8 on the second LAN access
device enables the at least one of a plurality of LAN devices operating
within the first LAN to communicate with the second WAN backhaul as a
guest device connection through the sccond LAN access device and further
wherein the guest SSID on the sccond LAN access device resinicts the guest
device from communicating with any devices operating within the second
LAN without first traversing the second WAN backhauol connection.

50, The methed of claie 3%

wherein the traffic aggregation unit operates as an indegrated sub-component within
one of a plurality of LAN devices operating within the first LAN;

wherein the traffic aggregation uait is commuaicatively interfaced with the first
WAN backhaal connection via a communications path {o the first LAN
access device which in turn i interfaced via a communications path to the
first WAN backhas! connection; and

wherein the traffic aggrogation unit, integrated as the sub-component within the one

of the plurality of LAN devices operating within the first LAN, is
communicatively interfaced with the second LAN access device, wherom the
fraffic aggregation wut comprises an mdirect communications link o the
second WAN backhaul connection through the second LAN access device
which operates in direct communication with the second WAN backhaul
connection.

51, The method of claim 38, wherein the traffic aggreogation unit comprises:

a first connection, via a device communicably interfaced with the second LAN

access device;

s
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a second connection, o communicably interface the traffic aggregation unit with the
first WAN backhaul connection; and

wherein the method further comprises combining traffic into aggregated traffic, via
a data aggregator, from the first connection and traffic from the second
coanection.

52. The method of claim 31, further comprising:

comumumcably mnterfacing a data de-aggregator with the first WAN backhaul
conpection;

communicably mierfacing the data de-aggregator with the second WAN backhaul
connection; and

de-aggregating traffic onto the first connection and onto the second connection as
de-aggregated traffic.

53, The method of claim 38, further comprising

coramunicably interfacing a third LAN access device between the fiest LAN access
device and the second LAN access device; and

wherein the traffic aggre

sation uril operates as an integrated sub-componend of the

%
third LAN access device, the third LAN access device operating physically
separate and distinet from each of the first LAN access device and the
second LAN access device.

54. A traffic aggregation unil conmprising:

a first interface 1o a first Local Area Network (LAN} access device that establishes a
first LAN;

a socond mterface to a second LAN access device that cstablishes a second LAN
witch is operationally distinet from the first LAN;

a third mterface to a first Wide Arca Network (WAN) backhaul connection that
provides the first LAN access devies with WAN connectivity;

a fourth interface to a second WAN backhaul connection that provides the second
LAN access device with WAN connectivity, wherein cach of the first WAN
backhaul and the second WAN backhanl are physically distinct; and

a backhaul bonding unit to form a logically bonded WAN mnterface over the fust
WAN backhaul and the second WAN backhaul.

$5. A traffic de-aggregator corprising:
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a first interface o a fiest Local Area Network (LAN) access device that establishes a
first LAN;

a second interface to a second LAN aceess doviee that establishes a seoond LAN
which is operaticnally distinct from the first LAN;

a third interface to a {irst Wide Arca Network {WAN) backbau] connection that
provides the first LAN access device with WAN connectivity;

a fourth interface to a second WAN backhaul connection that provides the second
LAN access device with WAN connectivity, wherein each of the first WAN
backhaul and the sccond WAN backhaul are physically distinet; and

a Data de-aggregation Unit to receive packets and to forward the packets to a traffic
ageregation unit over a logically bonded WAN interface formed over the

first WAN backhaul and the second WAN backhaul.
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BANDWIDTH PREDICTION AND PREFETCHING FOR ENHANCING THE GOE OF
APPLICATIONS OVER WIRELESS NETWOREKS

CROSSREVERENCE TO RELATED APPLICATION
HEE This applicat

claims prosity o US. provisional patent appication no. 62/109,590,

fifed Japoary 29, 2013, w incorpomted hersin by reference i ¥s entrety

BACKGROUND
B062]  Video st

saming clients, network access points {2, Acsess Points 1o a Wi-Fi
aetwork, olNB i an LTE network ), and/or content delvery network (CENY edge servera mav use

Drvnamic Adaptive Streaming over HITP (DASH), where a video file is stored on an HYTP

server, as a sories of small video segments. Hach video scgment may contam severa

al seconds of

video content and may be encoded at different bit rates, e.g., video qualines. The video clie

may determine which b rate of the subseguent video sogm

SUMBMARY

{6003 Swvsioms and mcthods for adaptively streanvog vdeo contont to awireloss

fransoutyeceive umit (WTRU) may comprise nning curent mfomation asseciated with the

1

WTRIL the corent mformation inchiding atleastone of 2 Iocation, a speed, a time, a data

H

iy determmead

oughput, and a day, comparmg the cur o omation with prvio:

mformaton ©or tie WITRU; predicting a fitore location for the WTRU, prodicting an avadlable

o1k bandwidth atthe future locanc

jtias

;and deferouning a bit rate forthe WIREU to regquestfor

a conteni se fed fuhre

sased oo the predicied avaliable ok bandwidth for the predic

focanon.

BRIFF DESCRIPTION OF THE DRAWINGS
[6004]

115 an example diagram of collaborative bandwidth prediction.

B0G5] 0t of standalons bandwiddh pr
[G0G6] FHE 3 is an example diagram of prediction and rate adapiation.
8067} FY, 455 an example diagram of pre-fowching data,

{G0Gs} v an example diagram of pre-foiched data,

1.
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{900} FI 633 an example dugram of the effectof pre-Btehing on bl rate.

betw

o014 PG 7 s an example dmgram of signalis

DASH media content pasvider

e an edge server, clent and 2

KLU RS FIG 815 an oxample graph showing the cumulatve distribution function (CDFjof

the error of bandwidth prediction,
G0z

FIG. 9 i an example graph showing video bit rates fora WTRUL

i
1801 3] FG 10 s an example graph showing video bit rates fora WTRLL

j$014] G, ple graph show g CDF of the video bt rates.
{801 5] FIG. 12A s a system diagram of an example commuaications systom i which one or

more disclosed embodiments may be mmplemented.

{67 5] FIG 12B s a systers diagrars of an example wircles ot (WTRLD

fhat way be used within the communications svstem dlastrated o FiG
{86171 FIG 120 18 a svatem dingram of an exanple radio access network and an example

C netv

k thar may |

{8618} G EZE is a systom diagram of amothor example radio access network and an

example core network ihza{ may be used within e commuonications svstem Hustrated in FIG
124

[B0E9] FIG.

example vore network th

124,

DETAILED DESCRIPTION
{8020} A detailed desoription of ifhustrative oobodiments will now be descnbed with

FGSE

o to the various Figures. Although this deseription provides a detailed example of

ould be noted that the details are in

possble implementations, 1

ded to be examples and in

o way it the scope of the apphcation.

8321 Systems and methods for adaptively st

aming video contont to awireloss

trmpamitreceive unit may improve QoE (“quality of experience”} of application

the available bandwidih, This prediction may be based on the

and/or current nd/or pre-fetching data. Alkhough the avail

nay change quickly in wireless networks, e bandwidihs of fhe same location measured at the

same time of aday and the same day of a week {e.2., ora weekdav or opposed to a weckend)

may exhibit significant similarity. This observation mav provide an opportunity o predict the

avatlable bandwidth at the same locations o the fure. With the predict
3

i1, SYSIems may
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inprove and/or optimize the bit rate selechon alzordhys of DASH to 1mprove the vides quality

inn terms of video bit rate. imization may avoid rebufferimng andfor

d for other

v recduce the fregue teal switching. The prediction may |

ap ns asd/or may be used o provide a user feedback for wuie sclection. A current serving
radio access pomtmay nform e next radio access pomt which may then pro-fotch data fora
wireless transmit/roceive usit (WTRU).

A standalone bandwidth predicBon systom that allows the video client{eg. &

o predict the bandwidth and/or the vehicle speed based on #s own measurements made

in the pastand cureent trips may be provided.

[8023] An available bandwidth algoothnm aad/or a Kalman filter may be used. An offline
algorithro may be used 1o detervune the parameen in the Kalman fler's state transition models,
ancdior o prediction algorithun based on the Kalman filler. A vehicle speed prodiction algorthm

may be wchuled which may be sinilar to that used t© detormine the parameters in the Kaboan

filter’s state fransiion.

8024} A video bit rate adaptation algorithm for DASH that o

the video guality, and/oravord bufferunderflows.

|8025] Route selection based on the available bandwidth ofthe WTRU route may be utilized
{8025} A current serving radio access pont may be used 0 inforn the nest radio access
pomtwhich may then pre-fotch daw for the WIRU

{96271 Multple s cticn for DASH are de

andwidh

o DASH and mav inclide video tlephony, web

cloud computing, augreented reality, and/or the ke, One ormore

browsing, clow

g:,.\
%:‘:
=2
=
=
f {;

")

examples crein may relate © pwd‘“m,» the available bandwidth at a fivure location,

smproving a bit rafe selection algorithm for DASH, and/or data pre-fetching mochanisms for

mproving the “goality of euperience” (Qok) of applications, such s DASH-based v
: : PR

streaming, oresample. One or more systerss and methods may mehde a collaborative

e

Bandwidth ;}i'ﬁéik}ﬁiﬁﬂ. wher one or more users may share bandwidth measurements with a
server, and the server may muke he prediction forauser. One
may wmchde a standalone bandwidth prdiction, whem a user {

WTRLY miay make a prediction based oo

[8028]  Ome ormore of the syst

iscloged may be applied © many wireless

ip
w
@*:

networks for example, Holspot 2.0) cthods may vse awie

transmitreceive unt (WTRUY m a vehick. The systems and methods mav use a

- The systems and methods may be used v
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For exampie, the svsterns and methods may be vsed with a WTR U caroed by 2 pedestniam

i

walkmg in a shopping mail, methods may be used m a DASH enviomemnt,

nd
(e
@
~
w
&
-
r"E

able to ot

[8023] FiG s a diagram of an example of a collaborative bandwidth predicion {(CBPF)

system and method. I FIG 1, the DASHmedia sorver may store video segments generated

from different encoding versions of a viden conmnt A DASH media presentation description
{MPDY sorver may o

URL,

5o
o
B

s
o
4y

ites desoribing basic segment information, includn

siwtion, bit rate, codec, Hme an . The CBP scrver may colect the

users” bandwidth measaremengs, including fice type wformation (e.g., Long

Tern Fvolution {LTH) Evelved High-Spced g {(HSPA), antonna configuration,

1, efe ). The CBP servermay

el and wireles

subset of users that used or aw using the alocation for which the
prediction 1s to bo made. The UBP server may moke the prediction forusess. Users mw the

cport thew own bandwidth 0 fae CBP server periodically, and, ®r ¢xample,

ey am not in a video stres

[}

BP server may maintain 3 bandwidl map coniainin
locations. The DASH client may predict its cwn movenent. The DASH client may rsquc&tti‘ac

avaiable bandwidths of the Jocations where ®may probably argve m subsequent tme duralions

from the CBP server. With the predicted bandwidth. movement, and/or MPD, the WTRU may

dia daia from the DDASH

re of the CBP approach 15 that itmay provide accurste and/or real-time

prodiction 1o the video cliont, inchuding at locations the video cliont has nover been befire. The

CBP server may mamiain a bandwidth map for multiple binds of chent wodels bocause differont

client models may use different wireless networks or may have different tex

{e.g. differentnumbers of antennas), which mav maull i differcnt bandwidt

at the same location.

{8031} The meamprements takeon at o WTRU may nothave o be i the

exanaple, o save sommuonication bandwidth. The measuroments may inchude s

nal distance Wwierval for the measorement is d meters, the summary

statistics may be m kd meters, whese k 1« an mierger greater than 1.
18032] An apphos

nesaging between the WTRU und the CBP. The application may provide the chent the option

‘be downloaded 1o a WTREL The application may carry out the

i share s messurcrents or not, and differentprici ssociated with the
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chowe. Forexaraple, 7 the nser shares, e costofusmg this sorvice may be lower or fige,

%

(therwise, the cost may be hig
> £

186331 The appl

tion may check the avadlable bandwidth of the route the WTRU s taking,

and ifhe avalable bandwidth is not sufficientto mamtain fie guality of the application, ¥ may

sat the usertake ac

{80341 FIGL 2 15 an esamy

rent ronke, forexample, by prompting a suggestion on g UL

dalone bandy 1 prediction {SBP) system

rofa

and method. In systerns and methods using & standalone bandwidth prediction SBP) ause

{¢.g., the mobile device of a user or WTRU) makes a prediction based on #s own previous
measurements. A difference between SBP and CBP is that there may be no UBP server in the

neasure 15 own

SBP notwork, With a 8BP svateme, a DASH client{e.g, WTRUm

bandwidk and may save the bandwidth measarement and the comesponding location atits local

stotage. Forexample, a DASH client {e.g., WTRU) may measure #s own bandwidth cach time 1

vistia o location and may save the bandwidth measurement and the *0;59”;\0-*(1

it takes the pextvisit fo that location, for example. affer soveral visits to a location. A DASH
client (e, WTRU} may request the appropaiate video segments from a DASH media

oA
WK

presenfation server, for cxample, simiar to the UBP architectuse, with the predicted bar
andar moverent,

{303 5] An advantage of the SBP approach may be easy implementation that 3 new node may

1o bandwi

nit b roguied at the vetwork © access & cdomaation of the LYE sotwork. I the

BF approach, a BASH chient {e.z.. WTRU) may need 1o feam its bandwi

ith map, and during

the leaming phase, he bandwidth prediction and/or the DASH b rate selection mavnot be
accu e
prodiction and rate adaptation t© mpove

ion, tne, speed mmd/or bandwidth are used 1o

andfor bandwidth of upcoms cations. A Kalman filier may be nsed o

predict the speed and/or bandwidth., Swate transiton pammeters may be defermined by histo

data. The bandwidth, speed predictions, and/or the current buffer size may be fed to he bitrate

writhre o choose an appropeiate bit ratp

wal data may contain the Bllowng nformation: e network operator, the

available bandwidth and/or the speed a8 a finction of location and/or time.

8024] The local pradictor may check the available bandwi
the avarlable bandwidth is not sufficient fo mainiain the qualitv o
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wmay sugoest thatthe user take a difforent ronte, Br example, by prompling a suggestion on a
GUL

8039} Given the avadable basdwidth prediction, the WTRU may use the availablke

bandwidth ;}redmécn m differont ways. I thew 13 excess available bandwidth m some sectons
of the predicted path and the prediction indicates later sections of the path having msufficient

bandwidh mm the WTRE may use ormay plan 10 use the escess available bandwidth i some

sections o pre-fel

has suffcient buffer sy

{849} ifthere is o

This may improve the content gualiy for

s available bandw

wlth i s sections of the predicied path, for

b\”urpw the avatlabe bandwidth is alreads *ﬁ‘s?is utilized for the confent o he played w ¢

avatiable bandwidth unused, which may beused © pro-feich the content t)bcl\iax for fature
sections. This may avord by

[6041]  The sands

lome bandwidih predict NCHF ZEI0 COMMUBICAIon

jt

overhead, which may be an advaniage ove

{80421 FIG. 4 s an example of a digram of s system and method for pre-foiohing data. The

cuyrent radio ascess point may predict the wute thata WTRLU may take and may notify the
subseguent radio accoss pon s on he wute. The notification may wclude one or more of the

followm g the predicted time when the WTRY may enter the service areac

\

¢ WTRU i conswning, whatdat objects the

ACCEss points, 2,
vhat data objects the WTRLU s expected o consume in the futwre, T
subsequent radio access poinis may pre-fetch data in anticipation that the WTRU may

G’)L‘?ﬂ\ € ECIVICE

area w the future, The pre~fotehed data may be cachad and may be sent

the WTRU gets into the serviee arca of the radio accsss pomnt that caches the data.

¢ LTE network. eNB | may noufy
eNEB! may

rotice eNEZ of the source of data that the WITRU may require, and eNB 2 may pre-feich the

[8043] As an example, Fig. 4 shows an architec
¢HB2 ofthe

> T wihon the WTRU may prob swvice arca o eNB 2.

required data. To asgist the transiion from oNB 1o olNB 2, the data pre
FeNB 2, the WTRU may

1A T F e
wd atoMB 2 may

cverlap with that at oMB 1 When the WTR U enters he sewvice

download the data direetly from eMB 2, which mayv reduce the BTT, and may inewes

throughpat The WTRLU may downlozd the data directly from eNB 2 mstead of downloading

data from the Interet. This method may be applied to, but is not mited to, DASH

&
o
Nt
=
=
o

{044} The content cached by one access pg’)“-ﬁ sray overlap with the content cache

: the continuny of the content. This may be
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ove 13 prediction macouraey. The amount of overlappmg may be 2 function of

curacy. As an example, for the network shown m FIG. 4, the content may be

The

pottioned 1 plavback thoe

3

may pre-teich the conte 11 the first second to the fifth second, and the second access point,

oMBZ, mav pro-fotch the content from the fifth second to the niath second. The two pre
cardents may overlap iy the Sth seonnd, as shown i FIG. 5

{804 5] FIG 6 is an oxample of a diagram showmp the bif rate over time fora WITRU

sransitionmg between eNB Land e N assumne that the WTRLUL

which may be a BASH video plaver, suders the service arsa of eNB 2 at time 7, and ik b

data ploys uatid bme 77, Without pre-fetching, the WITRU continues to play low guality video
after 77 {fthe pre-fetching at eNE 2 is enabled

Bocause bigh bit rate video has been pm-few

-3

throughputto the WTRU may rake after

804 6] The throughput ms

connection is upper baunded

T 18 the round frip time, P is the pobabilily of packet loss,

nined by e TOP wplementation. RTT s the

a constant de

., which are the round trip times between the UE and the eNEB, and betwaen the eNBand
ely. For ETE networdk, RTT 1 s ususlly between 30 1o 80 msec,

Vmsee for SGnetwoks, RTT i3 nswally doodnated by RTT 2,

nental

g is enabled, BT mduces o © 1, which increases the

throughput

B047 FHZ. 71 an oxample of o dingram of the signaliy
i 2

C«

DASH media content provider, and a content distribution network {(CDOM} o¢

oo server. An edge

d ata wircless access pomt such as an ¢NB. The content provider may

5

predict the route based on infomaton provided by the WITRYU. The chentmay send the

coverage update, which may melode by way afe;‘%mpl:, one or more of the

nicat undor roquosty, bit rate, bandwidih,

ridentfier, The clien

The contont provi

3 to be pre-cached, and/ormay

ond fhe chent{e g,
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WITEL) the addsess of such edge servers. The conterd provider may

L

~ 5

route fiom a thied party incls

8048} The congent provider reay obtam he pred

location scrvice, such as Goog The location may be obtained w various ways

oxample. the phone number associated with the clicnt may be passed 1o the third-party ocation
service o guery about the location of the client.
13049 For a standalone approach, the client may predict s ow

the content provider i future locations. The media server may

sorrespondmg edge servers {e.g, based on the predicied souie in

chent). The network-ondv appmach may wmvolve muldtiple content provides along the route.

Cloud coroputing may be applied o seduce the delay ochiding BTT, computing time of the

algodthon, efe. The WTRU may vse the same prodiction algorithims and the bit wie selection

algorithm that are desonibed with respect to the 58P approac

{5 8] The historical data on the g ble bandwidth and speed for one ormore WTRUs are

stored 1 the notwodk. The network may predi ¢ locations of a WTRU and/or the tues

associated with the locations. The actwork may decide which wircless access point {or access

pre-fatch the contond that the WTRU is Hkelv to use in the future. The network may

¢ client information about the guality and/or the bit rate of the content & be

REISER 4 client (e.g.,

current location, speed, and a

bandwidih, device type, and/or the assocatod network opo {e.g., AT& T or Verizon) and
provide he nimation to an eniity {netwoti: service enhancmg node or NEEN) in the nebwok,

tion from one or mukipls chionts

access powt a WIRU may visst i the future, The

NSEN may matract the access point to pre-fetch content that is likely to be ased by the WIRUin

805 3] The NSEN may provide the WTRY mifomation about which quality level{e.p. bt

.w
g
o
&,
=2
4
-
B
=
=3
=3
&
<

o
P
=
=
w2

Uneeds to reguest in the fuure. This information may be used

ridth obeerved locally by the WTRU 1o decide which quality

18034}

uild a map of expecied avalable bandwidth, e.g., as 2 fimction of
one ormow of location, time, day of week, network operator, device type. For a particular

WITRU, the NSEN may refine the prediction of e available bandwidth using for example one or
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&
&
-

e of that WTTRIP s current focation, speed, available bandwidth, the number of other devices

Tic demand of other devices that use the same network.

he available bandwidih and ¢ future o

fons may be predicted

3

based on the meam rement of the curront and/or previcus ps. The prediction methods and

systoms oy work eooperatively with both CBF and 8BF architcerums. The predictive methods

and systems may conain moveent pmdicz{mu anedior band width prediction, which pedict the

o

vehicle speed and the available
the 1 thp

[9055] A

slgonthm is deserbed bolow. Assume that

the travel route 18 @iven and s patitioned int segments of ogqual longth L, forexanple, 1=3

meters. Denowe by I and F the madom variabies of the speed and the bandwidth at the

i-th segment, weepectively, Lotthe random vanable 6, be the measuro rieith at i-th

. Cenerally, the measuroment is not accurate and ns. i

repeated trips are conduc tarical data, fet by, be the morsumd bandwidé ar

he th segment during the tth trip. Based on the coment meeasued bandwidth, with e help of

the bistorical measurorends, the bandwidth prediction may

generale & mow precise estimate of

fhe bandwidth and may also predict the avatable baodwidths i the subsequent segrents. The

prodiction method 1s based on a Kalman filter, which 1s widely applicd m vehicle navigatios

The bandwidth may be modeled m the followi

for all 2, where 4 s e statc ameter fromn B, o 8, and N, is the pmcess rose

]

-y

distribution with vanmee {J/

which is assumed 0 be dawn from . Assuame

w

that Vn independent of B and b for all /. At the #th segment. the measurement of the

adwidh is obtamed from the folowmg model
bandwid # bta 1 the g

b=H+n )

where # is the measurement ¢rvor which is assumed to be drava from a zevo mean Gausstan

distribation with variance ¢. Assume that 2 Is independentof ¥, & and A

ore porformmg the Kalman fdior, the patamators a;" . Q and & o (1and (2} may
¢ determimed from historical data. From (1) and (2}, the measered bandwidth }P ; ﬁ and h,

may be exprossed as:
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[¢055] The mear

58 Becanse of the independence of the madom variables B, N and #, the vanance
I P-4 i1 i

f the measured bandwidth § 15 obtained from (4),

Of

“B,. N and 1 forall . the

o
=
=2
joad
;
&
ed
(923
kel
I
=y
&
o
g
o
g
7y
2
2
@
N
-

VafR ] (n

i

Co.h ] =4 Val ]

o the above cguations, th

LY Referri

7, sample

¢ estnated by the saveple roean

Covib b ]

-

ad sample sovariance ¢

a b

tions beco

18662] et B, =Valb ]
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{00631 Assume that ¢, and 6’1 are koow

, which may aciually be obtained i the provicus

steps of the algonthm as shown below, The left hand side of the above equations (1332 1 may
e denoted by fimctions [1{¢ } 2.3 0 and

s and ¢ educes to sobving the followmng opiinization pol

1;‘13 . ,, f{,‘ ”y 4 ~,-"3;..1} E

(22

subject to .0, 8, 0
{tic 4] The algorithm may be written as described below. This algorithn may be performed
offfine and may not increase the complexity or latoncy of the DASH player. The parameters ¢,

plavar. lo an exampie, the algorifun includes the

e transtion paremele

LEOR =2 N

3. Salve the optimization problem A ito obtain ¢, (J, and 4.

4 EXDFOR

{8065) With the parameters, the

s and methods may predict the bandwidth at the

the

2 wEMEnis usi taan filler. Lot A, be the Kalman gam at the #th segment, and

B

& predicted estimate error variance. When a measurement 2 is available. the estimate

may be updated by
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is the wpdated estimate. The eror vawiance or the

T

¥

(24)

omputed, and the predicied estirnate error variance
and the Kalman gain Bor the noxt sepment ma\;i computed:

(2%

{7(.

[3065]

b the measurcme ¢ i ~th segment. the

speed of the nest sogmer L5 may be predicied.

{0067] Similar o the above bandwidth predict :higle speed may be modeled by the
follown g equations:

vo=1 4w, (28)
Ve (29}
i+ ot

the measured speed at nt; i, is the st transition parameter from ¥

where ¥ 1

w V), and W and w, are the process noise and the measurement noise, which are mdependent

and are med 10 be drawn from zero mean Gaussian distribution with vana .
rospectively Tn the systens and methods, the speed V7, of the next segment from the
measurement Y of the current sogment may be predicied.  Followmg Example Algornho |
above and the Kalman filter. the predicted b  forthe next segment may be obtamned.
N Mﬁmugh the avallable bandwidth mayv change and in some instances may change

1o bandwidths of the same bcaton measured at the

same tine ofaday an i week {e.g., or woeekday as opposed o weekend) show

some similarity. Based on this observation, the systems and methods may seloe

atthe same e of a day and the same dav of a week as historical data to caleulate my, o_fand

gy, and optin

{Bls3] Avi

{4

sorithm may apply in various applications (forexample,

DASHor anoth video bit rate adapation may use the

bandwidh and/or vehicle speed at the future locations based on the ropasurcment of the current

i
s
1
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xarapie, of the video bt rate adapation,

,are available and the pie

gment, V), and B, are available. An aim of the bit rate adaption algorithm is 10 choose the
bit rate 0 mprove and/or maxuaize the video quality, and this may be done so while avoidmg

Bime hal

buffer underflow. Ass

the

i ¢i>7

example, the algointhm optim

85 the current buffer size neasy

i
¥
i

buffered data. Let

and R,

tthe length of o seament { ment} is L meiers. Inone

£, BYOTY segmen
zes the video guality for the subsequent M segments. Denote by
verd 10 real ime, w iavback time of the

be the preds tod bandwidth at the (7 + /)

./

-th segment, when the measaroments {e.g, only the measuremenis) before the Ath segment are
available, reapectively, where

(30}

Vi =t 6 (32)
E B EXY;
for 254 trae durgtion raveling through the (7 + m) th segment, 1<m <44 s

The wial

{6074
occurwith a

(rherws

v th
&, 0

¢ than a lowerbound B

,and the chentmay be bit yae.

¢ fllow

i
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{38;

YWhen

S 85, ne upper bound may be imposed on A,

{871 The bit rate adaptaton algorithm may be writien as described below. In an

the algontho wehudes dhe following:

riven the predicted speed V. and e predicted avail

S . determine th

A the current buffer size

wr chaose the bit vate 1o ma

2. A : [)szxm =0 B B 'Igz,zr
3 S
4 T = T b i
Fswin st }‘, =
m
3. RN NS

siise S

~d

i END Y
1 ENDIF
2. ENDFOR

e : : s B e e v e £ 12
13, Choose the maxiroum bit rate, which 1s no more than 379

oyt
14 ELSE Choose the sundmum bit rate.

15 ENE Y

1B8072] The media presentation descnption (MPD) may condain information of media

streams. ¢.g. codes, duration of a media segment, and/or resolution and bandwidth of cach

;
.
!
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{007 4] Anocther application s video elephony. With video telephony, 2 WYRU may

e

rements af avatlable b and may share fhe

. When auser is making a video call, the application may

bandwidih ofthe oute the WIRL 1z moving along. If&o avatlable b

o maintan he quality of the call, the application may suggest that the user ke a

for exarmple, by prompting a suggestion on a GUL

{87 5] The systems and me whwidth based
oi the meassrements of the cument and previous trips. In addition, methods
may wchde a video bit rate adaptation algonthm ©or applications, meluding DASH, that mvolke

¢

svnining the predicted bandwidth and/or considermy the cument buffer size. The systerns and
mthods may be implomented in an LTE network or other wireless networks. Tone example, a

WIRUhasase

eontamed cliont. The WTRU for example may have an enhasced BASH ¢lient

15 1o build a historical database of location &

and/or may be progmaram

throughput. The historical database may include any or all off e Dllowing: recording locatio

history ve. fime, and recognizing patterns; recording travel speed history and4

speed/location, efe., and recording bandwidth/thron ghput hisiory vs, time and §
WTRU user may select video content o streamw {e.g., via web stz ov DASH client or other
streaming cliont) by usmg any or all of the following: the clent obiming cogtent mt {e.g., DASH

MPI2y and b

e oas the

:nf obsetves |

speed, progress.. . b the chentuses history {e.g., location/

{e.g., locahon,

g.. aud periodically update prediction of path vs,

&

content info, and/or Iocation state to predict {e.

tme and/or BWithronghput vs time. Using anv or all of the foregoing, the client mav plan in

advance and may perform prodictive local caching (e g, pro-fetching) m onder o mprove
plavback quality and prevent rebuffon

pradicted fo not have sufficient bandwidih K

the high quality version of the rguired contest segments in advance. For example, the WTRU

watlable bandwidth & . This assumes that the

P

May Use exeess

4

WITRU has s icatbuffor o do pro-fetching. Local cache managoment is considered in

implementing if'a sention along the WTRE path is predicted fo nothave

sufficiont bandwidth % rhigh qualiy steaming, the WTRU mught pre-fetch the dvw quality

5

equired content segments in advance, if there 18 80 excess available bandwidth o

of the path. There reay be no change needed on the networdk side. and o

ation between the WTRU

i5 ~
FRe]

nd the s

TEIWo

‘added comm Ireplementation meav be
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done entirely witha the WTRU for example vig a dowsloadablke app or an onbanced DJASH
chent.
{8076]

aotwork. A WTRUmay have an enbanced DASH client which communicatos with a network m

miethods inchide ki tiction with prdictive caching in a

it path ¢

55

order o imploment predictive pre-Riching to cact ociated with, for example co-

focated with, netwotk access points. The client nu i to doaovorall of the

3

followm g recordin giizing pattems; recording tmvel speed

history, change vihroughpot history ve. time and

{ocation. A user ma toroth

ctvideo conteont i stroam {e.g, via web site or DASH ¢l

streammng clicnt) by using anv orall ofthe following: client obtains content o {e.g., dash mpd)

bserves location state as fie route 1S

b chentuses history {e.g.. location/throughput patferns), content info,

g., and periodically update predicuon ofy path vs. tm

o1k

{8477} The network may determine mproved and/or optimal pre-feichung pos

specific caches coliocated with network acoess points) and times for content segments. For

contents which {hased on the pedicted path ve. tme) am expested to be needed by the clisnt

when the chient is passing with i commumcation ra of the network acoess poinds, content can

bo pre-fetched. The network may pre-forch content at o cortain bit rate Yo the cache of a certain

nebwork o

s point based on the expecied available bandwidih or that WTKU at the time the

WIRU may pass within comnmmicaton range of a nerwork access point. The notwork may
{e.g., optonally) provide a message o the WITRU which ndicates a prefered bit miefs) 1o

request, which may be based on fre notwork s kaowledge of available bandwidth atthe ace

pomt and/or the knowled ge of which bt vates have been predictively cached at the access pomt

As the WTRL tavels the path, the WTRU may send updates of the predicied path ve. tae to the

notwork . The WTRYU may reguoest content segments m oxder o obtain, decode, and play back

the content. The WTRU may receve messages from the network which mdicate the pref
s request. The WTRU or the network may determine the bil rage pestbased on
ahoutthe contont{e.g, DASHMPD), the WTRL s recn

loeation & bandwidtbhAhroughputve time, and/or based on the prefered bit rafes) signaled b

infomm rded history of
e network.
{8678) A WTEY may bave a standard DASH client which mav notbe aware of norhave any

specil signaling related to $e location based prediction functions of the network. The WTRU

=]
S

ton and/or avalable network bandwidth to an entity n the

ations of loca

]

R
H
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network . This may be part ofexasting locabon services and notwork foedback; as opposed o

ionality of an enhar

d DASH client. For example, many phones have location

and as: sons. The

192

tarned oo by default, or o support other appl

network may recond the observations of location and avatlable network bandwidth {along with

assocuted observation tiraes ) for the client. The network may agoregate the available netwoik

o~y
9]

bandwid dota fom multiple clients 3o order o build a map of expected available notwok
bandwidth. This map may be o fonction of leeation, time, andfor day of week . The WIRL may

request streaming content {e.g., request @ M

start a DASH session}). The network may

o1 the WITRU based op the recorded observations of the past locations & tin
the WTRL, andor based on the cwrrent location, direction, and/or speed of the WTRU. The
network may predict o0,

groents the WTRU i e

based on corrent location/speed of WTRU, and current content

K}

1) how o pre-fotch fithuw content to e cache

aetwok a0oess poi"g is along the predicted path of the WTRUL The content segme

A

may be based on eent o be needed at e prodicted time that the

range of a particular netwodk access poirt. The bit mate of the content segment to pre-fotch may

be based on the expected avatlable network bandwidth ai the predicted time and location. The

notwork may {2.g., optionallvy pevide messages o the WTRU which indicate confont segments

anddor bt rates that the WERU should request (.2, which meommend that the WTRI o request

These content segments and/or b rate smaybcb ased

The message may be oxp ot signabng that recompends a bitrate. The message may take the

&

form of an updated MPDY For example, the updawd MPD may Lt the available bif rates listed

i

FER CORTE Tho Hmod available bit rates in the updated MPD may refloct

one ormore bit mies of contont segments pro-fetched and available m a cache. There may be ao

modification of fie DASH client on e WTRU, The WTRU may contnue wavel

path and may request and receive the nesded video scgments as it travels, The W

with reference to FHG 2). In the tesis, the VET Y

cunning on Uhuotu 14.04, which also hosts the Javaseript program DASHs

WTRU was a Ramsung Galaxy Tab 4 accessing a Verizon LTE network. The video sequence

“Hig Buck Bunny” was used in the tosts and was provided by the DASH s program. The video

3

sequence used was approximately 600 seeonds n duration and

nent{e.g., every

L -
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video segroent) contamed about thoee seconds ofvideo contont, There were ten video bt rates:

5, 5.0%, and 6 Mops,

ot

ent, two muias were se

tad i the San Diego ame
same starting and endmg points, The first rounte traveled mostly on highways, while the other

route was mainfy on local strests. More than Buirtv-five repeated axperiments were conduciod

5w hoth directions fiom September, -

riommed during both pesk and offipe

v 50 minutes. Each route was partiioned into segments of
metors
8081 Historical data was collocied, which wnitated the accumulation of measurements, for

reguiz)r’i},' i work.

example, 4 per commu

historical data. This dafa cont ovided by the GPS

device on fio chent with an accumey of 4 meters, as well as the bandvwidth obtined by dividmg
the size of the download data by e duration bewwesn the reguest and the weepticn. Ina

segmient, mose thas one measurerent may be obtained and if so the average of all measu mments

2

in the segment was used as the measurenient for tat segment W

istorical data.

Algortho 1 descrbed above was nun offline o deteonne the pammeters in the stafe wansiion

madels, and they were fod © the DASH player. Predictions were mypleraentod using the Kalman

filter and the bit rate adapation algorthm © the DASH s,

3 The accuracy of the bandwidth

ediction alg

rbution funcuon (CDFyof the poreont

‘..

difference between the predicted and the measured bandwidth., Almost 60% of he pm?m" 13

Since the vidoo bit ratos ae guantized i 10 evelks from 0.23 Mbps

10 6 Mbps, the bi

it rato selection algorthm may still make the right decision with with errors

{8083} in FIGS. 9 and 10, the video bit rates selected by the algonthm and Thangh algorhm

under $i¢ same chanel reabization are shown.

s algorithin caloulates a moving avermge of

H +

e measuied bandwidih as the prediction, and then selects the maxiraum available bit rate which

=3

i not groater than the prediction. The porformance of Thang's alporithm was ¢

simulations vsing the histoncal dafa {available bandwidth as a function of tme/

obitatned from the experiment am with the higﬂn\fa} data described gbove, FIG. 14 is an exanple

that shows that the bit rates selecked by an example of the algorithm has a greater average than
thoso selected by Thang's algoathe, which i confinmed by ¢ video bitrates for

these two alg £ 11 The disclosed algorthm provides a smo < seloction

_ 0.
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deorithm, where the swiehmg prebability for the disclosed algorthm s 6.1%
compared 1 27.8% for Tha oiithm.

180841 The syste

>

o
=
7
fom
e
=]
L2
P
=
:,9
ﬁ
s
&
=
=1
4
fal
5

measurements of eurrent and/or provious rips. The svstoms and

bit rate adaptaton algostthm for DASH. The sveteme and meothods may consider fhe prodicted

bandwidi andfor the cormnt bufter sty conducted in an UTE notwork how that the

s may be implemented. The communications system 100 may bea

muliple access system that provides content, such as voice, data, video, messaging, broadoast,

efe.. v enable muliple wi

waoneees, including wireless

g8 such conten

2IEYS 10 300

bandwidth. Forexample, the communics & or more channgl

wds, such as code d n midnple g 0 nwitiple a

A}, ortho g@n&ii DMA {OFDMA}, single-

| 808 6] Asg shown in FIG. 124, the conunuonications svsteo 100 may it

fransmitheceive unas (WTRUSY 102a, 1020, 102¢, and/or 1023 (which geuerally ov codlectively

may be reRered 1o as WTRU 102), a radio access network {HAN} 103

pubiéc C(PSTR) 108, the ntemet 110, and other

104/103, a core network

108/10 witch

though rtwill be appre disclosed embodiments contompiate any

iofthe WIRLs

snfigured o operate and/or comnmnicats in

awieless environment. By way of example. the WTRUs 102a, 107k, 1020, 1024 may be

contigured 1o transmit and/or receive wireless signals and may mehide user equipment (UE), a

5.

dephone, a porsonal digital

assisiant (Pﬁf . asmariphone. a laptop. anethook, a personal compuler, a wircless sensor,

CONSRMSE , and the ke,
808 7] The comwrmaications systoms 100 may alsn welude a base station 1143 and 2 base

station 114k, Fach ofthe base stations 114a, 114b may be avv type of device configured to

wireless v wnterface with atleast one of the WTRUs 102a, 102b, 102, 1024 1o facthitate access o

9, the Intomet 110,

GIE O MOTE communication networks, such as the core network 106/107/1

By way of example. the base staons 1ida, 114b may bea base

a Nod > B, a Home Node B, s

and/or the

HansCoiver §

o

P
[
<
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3

contiolier, an access powt{AP), awireless muter. and the ke While the base stations 1i4a,

ted as a single element, ® will be appreciated that the base stations 114a,

-

14b may melude any nomber of tsteroconoected base statioss and/or network elements

{oUEs] The base siation [ 1damay be pant of the RAN [03/104/1 05, which may also inchude

other bage stations and/or networik elements (notshown), such as a base station contrailer {BSC)

7o

a vad i netwoik controller (RNC), relay nodes, efe. wlior the base station

[

14b may be configured to transmit and/or recet ireloss signals within a partionlar

on, which may be seferred 0 as 3 cell {(not shown). The cell mav furtherbe

cotors. For example, the cell associated with the base station 114a may be

o sectors, Thus, none embodiment, the base station 114a may inchide three

transceivers, e.g.one for each sectorofibe cell. The base station 114amay employ moltiple-
mpet multiple output (MIMO) echnology and, therefore, may vtilize muoltiph tmasceivers for
cach secorofthe cell

[6089]  Theba

i wHcate Fthe WTRUs

1S i

Ol OF fYRH0

1, 1i4h may

1023, 102k, 102Z¢. 102d over an air interface 118/116/117 ) which may be any suitable wire
comrnunication Hok (e.g., radio frequeney {RF), microwave, mfrared (IR}, vitmavicket {UV),
visible light, efc). The air interface 115/116/117 may be cstsblished using any suitable radio
access technology {(RAT)

[ 30591 More specifically, as noted above. the communications svstem 100 may be g multpl

o5, such as CDMA, TDMA,

systom and mway © e channel access sd
FEOMA, OFDBMA, SC-FDMA | and the hke,

103/104/105 and the WTRUs 102a, 102b, 1020

pio, the base station | 14a in the RAN

v implement a radio technology such as

niversal Mobile Telecommuonications Svstem {UMTE) Terrstrial Radio Ac
which may cstablish the aiv mterface 113/ H16/1 1T using wideband CDMA (WCD
WECDMA may mclude cotmmunication protocols such as High-Spee

andior Evolved HEPA (ISPA+). HSPA may include Tligh-Speed Downlink Packet Access
{HSDPA} and/or High-Speed Uplink Packet Ac

{8001} The base station 114a and the WTRUs 102a,

55 {HSUFA)

102k, 102¢ may implement a radio

tochnois rrestrial Radio Acc

E-UTRA), which may establish
the ar i

A}

Form Evolution (LTE} andor LTE-Advanced (LTE-

18052} The base siabon 114aand the WTRUs 162a, 102b, 102¢ may implementradio

v, Worldwide fatero pcs&biiﬁty for Microwave Access

Y033 Infernm Standard 2000 45~

technologies such ag

MAXY CDMAZON0, COMAZOGH IX, O

XN
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20000, Toterim Standard 95 {(IS-95%, Interim Standard 856 (1S-856}, Globhal System #r Mobile

anced Data rates for G8M Evelution (EDGE) GSMEDGE

communications (GSHM),

{{FERAN), and the

{80931 The base siation 114k in FIG. 1ZA may be a wireless router. Home Mode B, Home

oMode B, or access point,

.;3
2
@
e
]
]
k=]
&
£
=9
=
=
Rt
2
ﬁr
=
N
o
i)

wy suitable RAT for facilitating wireloss

conpeety Ii"« i a locali area, such

ahome, avehicl, a canypus, and the

i1

ke, 1 one embodment, the base station 114b snd the WTRUs 10Z¢, 102d may gnploment &

radio technology suc 2. 11 1o establish a wireless local area n

otk (WL m; The

base station 114b and the WTRUs 107¢, 102d may snplement a madio ®choology su
802,15 1o cotablish a wireless personal arca network {WPAN). The base station 114b and the

WTRUs 102¢, 1024 may viilize a cellular-based RAT (eg., WCDMA, CDM 30, GSM, LTE,

LTE-A, gic) to establish a ploosellor fomtocell, As shown in FIG. 124 the base station 114b

may have a dirsct connection to the heme Thus, the base station 114b may notbe

ctwork 106 109,

et 110 via the

[0094]  The RAN 103/104

35 may be in commuanication with the core noedwork 106/}

which may be any tvpe oFnetwo ik configured o provide voice, data, apphcations, andfor voice

1026, 102¢, 102d.

cver ntomet protocol {(VolP) services w0 one oy more of the WTRUs 10

For exampls, the core network H6/107/109 may provide call control, billi nobile

52TV

{oeation-based services, pre-paid calling, Ynternet connectivity, video distribution, ere., and/ot

i fagh-loved seawritv functons, such as oseor authenbcaton. Altbough not dhown in FIG

appreciated thatthe RAN 103/104/103 and/or the core notwork 106/107/109 may
1o RAT ag¢ the RAN
£

be in direct or indivect comununication with other RANs that employ the ¢

HI3/104/105 or a different RAT. Forexample, s addition © be d 10 tho RAN

HO3/104/ 1

33, which roay be uts FRA radio technology, the com network

106/107/109 may also be in communicaton with another RAN (not shown) en

radio technology.

ii?ﬂ@‘ii The core netwod 106/
g the PSTN 108, the Internet 110, and/or othernetworks 112, The

PETN 1080 nchide civeuit-sw

77309 may also serve as a gateway for the WIRUs 162

d o

oune notwoik s fhat provide plain old felephone

hal

cw of fterconnasted comp

netwodks and dovices thatuse common communication protocols, such as the transmission

contol protocol {TCP), user datagram protocol (UDP) and the miemetprotocol (1P s the

TCPAP memet pmiocol vy inclede wired or v

coramuncations net

otk s owned and/or operated by other

o
-2
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networks 12 vay melode another core network connectad o one or roore RAMs, whch may
employ the same RAT as the RAN 10371047103 o1 a different RAT.

{80%6] Some orall of the WTRUs 102a, 102b, 102¢

{00 mav meolide mult-ode capabilitics, e.g the WTRUs {02a

mdtple transceiverss for communicating with different wireless netwo ks over

finks. For cxzm‘:pk:,ﬂm WITRU 102¢ shown n FIG. 124 may be configued to commuicate

celfnlar-based radio techne

TEEE 802 mdio wehnology.

ich may employ

with the bige logy, and with the
hase station Eiib, which m:
tein diagram of an example WIRU 102, As shown i FIGL 128, the
srocessor R, aranscetver 120, a transnut/roceive cloment 122, a

pad 128, pon-~removable memory 130,

reraovable memory 132, ) {GPS) chipset 136, and

2

L POWET SOU TGS
other peripherals 138, {t will be gppreciated thatthe WTRU 102 mav include any sub-

combination of the & Al

w7

1 nodes that base
stations t14a and 114k may represent. for example, 8 ransceiver station {ET‘S)T a Node-B, a site
contiolior, an access point {AP), a home sode-8, an evolved home nnde-B {(eNodeB), g home

evolved node-B (HeNRB), a home cvolved node-B gat

inglode soms or all of the elements dopicted in FIG. 128 and descrtbed hewin,

{0058

CRSBCT

L aspecial pu

umlity of microg

conveptional processor, a digal sigoal processor (5P, ap

OIS MISEGRICSEssoTs 1n assceiation with a DSP core, a controlier, a microcontroller,

Applhication Specific Integrated Cirowis {ASICs), Field Pogrammable Gate Army (FPGAS)

cireuits, any other type of mtegrated cirount 0, a slate machine. and & ke, The processor

{18 may perform signal coding, data processing, power Contol, input/ouiput prog

3R 2]

any other functionality that enables the WTRY 102 o operate v a wrreless envivonment. The

processor 118 may be coupled ® the transceiver 120, which may be coupled o the

transmitreceive element 122, While FIG. 12B depwets the processor 118 and fie wangeeiver 120

will be apprciated that the processor 114 and the transcatver 120 may

b=

w an electronic package or chip.

8059 The transutreceive element 122 may be configured © tansmo signals o, or receive

n
-
L
o
o
et
()

signals from, a base station {e.g., the base station 114a}over he air interfac

one embodunent. the ragsmitfrective may be an antenne configured to

! mav be an enatier/dotector

nals . The wansmtieceive

[
vy
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configured to transmit and/or recetve IR, UV, orviable hight signals, for example. The
transmitieceive element 122 may be configured o transmit and recerve both BE and fight

Hifieceive cle

cment 122 may be cou figured to

cotated that the tra

signals. twillbe

transrett and/or recoive any corbination of wircloss signals
[mi}i‘s; in additon, although e answivreceive eloment 122 is depcted m FIG. 2B asa
sm‘_gi ment, the WTRL 102 may wclude any wmber of tansmwreceive eloments 122 More

r:‘:
=
5

i doy MERIO e '?moiagy Thus, in one embod

W0 OF OTe Fansmitrec ey stz 122 {e.g., mudiple antennas) for

by the ranssnit/meceive eloment 122 As noted above, the WTRU 102 roay bave mulli-mode

capabilitics. Thus, the ransceiver 120 may inchide multiple ransccivers for enabling the WTRU
apa . Yy g 1l

102 w0 compun icate via mudtiple RATs, such as UTRA aod THEE 807

8162]  The processor 8 of the WTRU 102 may

rta from, the

ﬁ

v unit or organdc Hght-omifting

3

The peocessor 118 may also ovfput user data o the g

sak erfnicrophone

ayiouchpad 128 In addmion. the prcessor 118 may access information from,

and soore dai in, any bype of suitable memo meraory 130 and/or

the removable memory 132, The non-romovable memory 130 may inchide randoni-access

memory (RAM), rad-only memory (ROM), 2 hard disk, orany other type of momory storage
wvics. The removable momory 132 may nichude a subsoriber deontity moduls (S1M) card 3

memory stick, a secuw digital (S0 memowv cand, and the Bke. In otherembodiments, the

ormation from, and store data in, memory that is not phy

processor 118 may ao

Iocated on the WTRYU 102 such as on aserver or a home computer (not shown}.

{163 The processor 118 may receive power from e power sosree 134, and may be
configured to distribute and/or control the power © the components in the WTRY 102

The power source 134 may ba any suitable deovice forpowering the WTRU 102, Forexample,

ree 134 may melde one ormore dry cell batkerics ,riekel-cadmivn (NiCd},

{NiZny, ricked metal hvdode (NiMH), ibiome-on (Lison), efe ), solar cells, fuel
celis, and the hke.
104} The processer 118 may also be coupled & the GPS Vhlp ot 136, which mayv be

ovide location nthrma
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locahion of the WTRU 102, In addition o, or i Hew of, the wibrmation from e GPA chipset

136, the WIRU 102 mav receive bocation information over the air mterface 115/116/117 from a

base stations 1 1da, 114h) and v detooning s Iocation based on the timing of

mg receved from two or more nearby base stations. It will be appreeciated that the

WIRU 102 may acquue location information by way ofany suitable location-determmation

method while rermaming consistent with 2a embodiment

|31935] The processor 118 may furher be coupled to otherpenpherals 138, which mayv

mctude one or more sofware

e modales that provide additio

sncionality and/or wired or wirel connectiviy

‘...
&
7
[

Forexample. the poaphemls 138 m

mchuide an accelerometer, an c-oomapass, a saollte transceiver, adigital camera (for photog

or video ), o amversal senal bus (USE}

f

poit, a vibraton device, a television transceiver, a hands

> headset, a Bluetooth® module, 2 frequency modulated (FM) tadio unit, a digital music

avideo game player module, an Intemet browser, and the ke

5 o svsiorn diagram of the RAM 103 and the core nebwork 106 acconding ©
sodiment. As neked above, the RAN 103 may empby a UTRA radio tedhnology o

crrmmunicate with the WIRUs 162a,

cer the air fnterface 115, The RAN 103 may

also bo in commmnication with the core netwed 108 Asshoown i FIG 120 the RAN 103 may
melade Node-Be H4lla, 1400, 140c, which may cach wchide one or mor transceivers for

3.

cotmenicating wih the WTRUs 1022, 102b, 102¢ over the air interface 115, The Node-B

Ty cach be s

with aparii ar coll foot shown ) within the RAN 103

The RAN 103 may also melude RNCs H42a, 142b. ftwill be appreciaied that the RAN 103 may

mehude any number of Node -Bs and RNCs while remaining consistent with an embodiment.
{81671 Ax shown i FiG 120 the Mode~Bs 140a, 140b may be in convmunication with the

BNC 142a. Additionally, tho Node-B 140 may be in comumunication with the RWNC 1426, The

Node-Bg 140a, 140h, 140 may communicate with the respective RNCs [42a, 142b via an lub

s 3, i

mterface. The RNCs 142a, 1420 may be in commuucation with one another via an fur wmterface.

Fach of the RNCs 1422, 1420 may be configured o control the respective Node-Bs 140a, 140,

Fay
[o]
72}

"l')

1400 1o which 1tig connected. In addition, cach of the RNCs 142a, 1420 may be configured «

carry out oy supportothe

motonality, such as ouwtor Joop power control, load contml,

admission control, pact widover control, maciodivarsity, §

funciions, data

gucrypion, and the like.

{914:5] The core network 106 shown i FIG.

amobile switching centor (M5C) 146, a s:zrvéng GPRS supportnode (SGEN) 148 and/ora

eateway GPRS support node {(GGSN) 156, Whilke

ach ofthe Horegomg cloments aw d
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part of the coro ne

vork H06, twill be apprecuated that any ooe of these clements may be owned

and/or oy

ated by an entity other than the core network operator.
{%Hﬁ}} The RNC 1d2a m the RAN 103 » ay be connected to the MSC 146 1n the

W 144, Tho

aotwork 106 via an US merface. The MSC 146 may be connocted to e !
MSC 146 and the MGW 144 may provide the WTRUs 102a, 102, 102c with access ©© ciicui-
ks, such ag the PRTN 108, to facihs he WIRUs

ormunications betwees

switched nehvo

102a, 102b, 107 and raditional land-line communications devices.

[#118]  The RNC 1

nected to the SGSN 14810 the core
14% may be connected 1o the GGSN 150,
SGSN 148 and the GGSN 130 may provide the WTHLs 102a, 102b. 102c with access o packet-

m the RAN 103 may also be con

netwotk 106 via an laPS nterf

1

switched ate communications between and the

WIRUs 14024, 102b, 102¢ andd P-enabled devices.

wwvorks, such as the Tntemet 110, to i

€

RIS As noted above, the core network 106 may also be ected to the networks 112,

which

foroperated by other
service providers.

[0112]  FIG

B is o system diagram of the RAN 104 and the core network 107 sccording to

TRA radio ochaology 1o

an embodiment. As noted above, the RAN 104 may soploy an B
coramunicate with the WTRUs [02a, 1020, 102¢ over the aw mterface 116, The RAN 104 may
also be in comprmumication with the core network 1G7.

{113 The RAN 104 may wclude ehiade-Bs 160a, 160b, 16U, though it will be approciated

that the RAN 104 may melude any numbsr ot

lode-Hs while remammg « ntwith ar
Node-Hs while remammg o et with an

embodiment. The eNode-Bs 180a, 160b, 160cy hoincliude one or mor ransceivers ©or

communicanng with the WTRUs 10Za, 102, 102¢ over the air interface 116 one
cmbodiment, the eNode-Bs 168a, 168h, 1600 may unploment MIMD techoology., Thus, the
B 160a, Borexample, may use multple as 1o ransiit wireless signals to, and

recoive wireless signals from, the WTHU 1025

124 Hach of the

Mode-Bs 160a, 160b, 160¢ may be asso

d with a particular cell {oot

shown} and may be configured to handle radio resource management decisions, handover

scheduling ofusers i the nplink andfor downlink, and the ke As shown i FIG

s

b, 160¢ oy convunun fcate with ooo ano e an X2 interface.

H
i

[B115] The cove peewomk 107 shown in FIG, 12D may mclude g2 mobiliy management

gateway (MME) 162, a serving gatoway 164, and a packet data nebwork (PDN} gateway 166,

While each ofthe

clements art of the core nedwerk 107, it will be

od as pas

i
s
G

1

Charter Communications, Inc.
Exhibit 1006
Page #364



W 2016/123497 PCT/US2016/013683

appreciated that asy one ofthese clornenis may be owned and/or operated by an entity other than
the core network operator.

8116} The MME 162 may be

mnectad 1o cac

RAN 134 via an 81 interface and may serve as a contiol node. Fore
be responsible for authenticating veere of the WTRUs 1622, 102,
vation/deactiv ation, selecting a pasticular serving gateway dunng an putial attach of the

WTRUs 102a,

102b, 02¢. and the ke, The MME 162 may also provide o control plane

#ANs {not shown ) that employ other

N 104 and oth

vch as G8Mor WEDMA.

functo

for switching between the R

radio technologios,

v be connected 1o cach of the eNode-Bs 160a, 160b,

ce. The serving gateway nerally rouk and

s [02a, 1020, 102¢. The sorving gateway 164 may
s anchoring use aNode B handovers,

ata 18 available for the WTRUs

1, OOk, 1072, mumaging

and storing contexis of the WTRUs 10
[8118] The serving gateway 164 reay also be connected 0 e PON gateway 166, which may

1i2a, H2b, 102¢ with access to packeiswitched nw\'or}(s; such

provide the WIR

fotemet 114, to facibitate communications between the WITRUs 10 2h, 1020 and PPonabled

e communicabions with other netwaorks. For

2ew

wide the WTRUs 102a, 1026, 1€

o facilitaie communications between the WIR

022, 107b. 10%2¢ and traditional land~ine communications dovices. Forexample, the
etwork 107 may include, ormay commun with, an I gateway {e.g., an I mul

1 the core network {

subsystem (IMS) server) that serves as an merface between

108, In addition, he core network 107 may provide the WTRUS 102a, 102b,

the networks 112, which mav include other wired or wireloss networks that are owned mdfor
operaied by other s

|9128]  FIG 1R

an embodiment. The RAN 105 mav be an access service network {4

} that employvs HHEE

202.16 radio technology 1o commumicate with the WTRUs 102a, 102b, 102¢c over the at
mtertace 117, As will be further discussed below, the conmumication links between fie different
functional entities of the WTRUs 102z, 102k, 102¢, the RAM 103, and the core network 149 may

be defined as mforence points.
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2E, the RAM 105 may mehide base stations 1842, 180h, 180c, and

it will be appreciated that the AN 105 may mehide any nomber

[

S stations an ays while remaining ¢ it with an embodiment The base

statons [80a, 180b. 1%0c may cach bo associated with a partionlar coll {not shownd in the RAN

transostvers for communicating with the WiRUs

105 and may cach inchude one or more

WiZh, 10

~
!

e over the air tnterface 117, {n one embodiveent, the base statons 180, 1800, 180
may implement MIMC techoology. Thus, the base station 180a, for example, mayv use multiplke

antennas 1o ransnt wireless sig

o, tinnel ostablishment, radio resource managemont. raffic classification.

guality of service ¢

criforcement, and the ke, The ASN gateway 182 m

paffic reaponsible for paging. caching of subacriber pr
Touting arud the fike

ween the WITRLUs o RAN 103 may

be defined asan R tthat inploments the L 802.16 specification. I additon,

iish a logic

[

each of the WIR 02b, 192¢ may estab

o hobween the WTRUs 1024, §

ace {not showndwith the core

notwark 1089, The logical interf b, 102¢ and the oo notwork
119 may be defwed as an B2 weference pomt, which may be used for authentication,
authorization, (P host configuration mmagernent, and/or mobility management.

3 180a, 180h, 180c may ¥

detined as an RY witronce pomt that mchides protocols tor faciiaang WTRU handovers and the

&

huk between cach of the

iranster of data between base stations. The communication Imk between the base stations

3 B .

gatoway 182 razv be deofined as an RS reforance

o)

(b, 180 and the AR

reference point may chide protocels for Boilimting moebiliy meanagemen
events asseciated with each of fhe WTRUs 1022, 102b, 102¢.
{8124} Asg shown m FIG. 12E the RAN 103 may be connecied o the core network 109, The

commupnicaion Hnk between the RAN 145 and the core notwoik 109 mav defined as an R3

rence point that includes proweols for fcibuny 1 transfer and mobilily management

capabilitios, for oxample. The core notwork 10% may include a mobile TP bome agent (MIP-HA)

184, an auths

on, authorization, aceounting (AAAY server 186, and a gateway 18

gach of the foregoing elemenis are depicied as patt of the core network 109, Hwill be
appreciaded fal any one of these elements may be owned and/or operated by an entity other than

the core network onergtor.

i

[

K
v
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1able the

tworks, The

{9125] The MIP-HA may be responsible for IP addyess management, and
WIRUs 1020, 102b, 102¢ to roam between different ASNs and/or differ
MIP-HA 184 may p

o the WTRUs 1072,

107h, 10Z2¢ with ac
netwoiks, such as the Internet {18, o facilitate communications between the
102b, 102¢c and Pcnabied dovices. The AAA sorver 186 may be responsible for neer

authenticanon and for supporting pser sorvices, The gawway 188 may faciiitate wnieoemking

with ohernetworks. Forexample, the gateway 188 may provide the WTRLUs 102a, 102b, 102¢

witched networks, such as the PETN 1 o facilitate

>

between the WTRUs 102a, 102b, 102¢ and trad itional land-line conumunie

addition, the gateway 188 may provide the WTETRUs 102

networks 12, which may inclode other wired or wireless networks that are cwne

operated by other service providers

{8124} Although not shown i FIG. 128, itwill be appreciated that the RAN 108 may be

o] g

cd o other core nsiworks

comnecied 1o other ASNs and the core network

The communication link between the RAN 103 the other ASNs mav be defined asan B4
he mobility of he WTR

sehween the RAN 105 and the other ASNs. The communication link between the

ENee peint,, which may clude profocols for coordinat s 1022,

109 gad he other core vetworks may be defined o8 an B3 refrence, which may

inclade protocels Br faciliating mivrvoking between home cove petworks and vizited core

{61274 Although ©ahuos and cloments are desenbed shove m particular combinations, on

¢ skill in the art will appreciate that each fature or element may be used alone or i

any combination with the ofer featrres and eloments. Io addition, the methods deserbed hemin

may be implemented 1 g compuier program, a0 fware, or frmware incoporated m a computer-

readable mednwm for exeoution by o computer or processor. Exanmples of computerreadadle

media molude eloctronic signals {ransmatied over wired oy wireless connections) and congniter-

readable storage media.  Examples of compuier-readable siorage media inclade. but are not

bl

fimited to, a read only memory cess memoery (RAM), a register, cache

vagnetic media such as intornal hand disks and

removable disks, magnei-op

-ROM disks, and digial

veratile disks (DVDe), A processor in association with software may be used 1o puplersent a

radio frequency transceiver foruse o a WTRU, UE, termmal, base statton, RNC, or anv host
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What s Clamned:

i A msthod or adaptively streaming video content using a wircless transnutroceive uni

-
<
e
P
oy

1y, comprn

detegnining cwrrent information azsociated with the WTRL the cuvend information

o time, adata throughput and 2 day!

b previously determined information for the

WTRU;
predicting a futnre location forthe WIRLL
predicting an available network bandwidih at he fouw location; and
detennining aba i for the WTRU to request tor a content segment, based onvthe

work bandwidth for the predicted future locaton.

3]

The method of ¢l 1, further comprising reguesting the content sogm

determined bif rate.

3. The method of clamm 1, furber comprising determiniag the curent buffer sz,

4

caching hoe addwonal content segments for subsoqu ck 1f the future location 8
predicied to have relatively less available netvork bandw

5. The method of ol |, furher comprising appiving g Kalman fltor 10 predict the

WAL s fumre location.

he fatre location for he WIRU s ¢

7. The method of claim 1, wherein the fiture bocation for e WTRU is predicted based on

proviously determined Jocations and at least one of g speed, a tme, and a dav associated wit

proviously defernuned locations,
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8 The method of claim 7, wherem the fature location, pwviously determuned locations, a
of a speed, a time, and a day aysociated with the previcosly determined locations are

ned solely by the WTRL

mehod ofcla herein the fistore focation for he WTRU i adjusted based on

acation and at least one of aspeed, a time, and 2 day assoc

subscguent detenuinations ¢

with the location.

10 The method of chaim 1, wherein multiple fubire locations for the WTRY ase prodicied

a Kaknan filler o predict the

i1, The method of clanm 1, furher comprising applying

avatable network bandwidth at the frhure location tor the WTRU.

sl 1, furher comprising mapping reocourring patterns of location and

iz, The method of ¢

ok bandwidth.

avails

e

13, The method of claim 1, furhior comprising sending an alert when the future location |

predieted o have relatively less avatlable network bandwidth.

14, A wircless

st receive no it (W TR YUY, compr

a processor with oxecntable matructions for:

deternining current infomation associated with the WTRU, the current

infommation including at leastone of a booation, a spead, a tme, a data throughya, and a

dav;

P

comparing the current infomation with previously determined nformation for the

WIRLL

predicting a future location for the WTRU!

sk bandwidth at the e location, and

the prediced avatlable notwork bandwidth for the predicted future location.

i5. The WTRU of claim 14, wherein the processor has exeoutable mstructions for requesting

A i

the content segment at the determined bif rate

i
5]
1

Charter Communications, Inc.
Exhibit 1006
Page #369



W 2016/123497 PCT/US2016/013683

¢ matnactions for

16 The WTRL of claps 14, wherein the processor bas exesyial

fetenmining the

7. The WTRU of clamm 14, wherewn the processor has excoutable mstructions for requesting

additonal confent segments and cachin

the addiional confent segments for subsoquent

plavback it the fumre location © predicted fo have relatively loss available network bandwidth

15, The WIRU of claim le mstrucuons for a

L whevemn the processor has executal

a filier to predict the WITRUD s fubere beation

G The WTRU of claim 18, whevewn the futuie location forthe WTRU s predicted by

predicting the spaed.

2. The WIRU of ¢ 4 based on

on forthe WTRE 15 ¢

rein the fue

proviously determined locations and at least one of 3 speed. a time, and a day associaid with the
previously determined locatons.

~

The WTRU of claim 20, wh

grein the future location, previously determmed locations, at

$

a e, and a day sssociated with the previcusly determined locations

feastone of a spe

detennived solely by the WIRUL

sed on

220 The WTRU of claim 14, whessin e future location for the WTRU is adjusted b

srprent determmations of location and at least one of aspoed, a tme, and a day associated

with the location

2% The WTRU of clamn 14, whereio nultiple fitture locations for the WTRU are pred

24 The WIRU of ¢l

4, wheren the processor has executable mstructions for applving a

i

at the futare location for the WTRL

an filter to predict the available network bandwid

3

25, The WIRU of claim 14, wherein the processor has execntable fnstructions for mapping

atterns of kcation and availsble network bandwidth.

o~y
-3

Charter Communications, Inc.

Exhibit 1006
Page #370



W 2016/123497 PCT/US2016/013683

26, The WTRL of claps 14, wherein the processor bas exesyial

ed 1©

msteuctions for sendg an

n the future location is pre e relatively & twork bandwidth.

i for the WIRL:

an gvatlable network bandwidth ot the fotuw location, based upon nfrmation

previously measamed at the futore focation by the WTRE an

comising a bit mate for the WTRU o request for a content se t, based on the

pradicted avarlable notwork bandwidth for the future Jocanion
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METHOD AND UNIT FOR RADIO RESQURCE MANAGEMENT USING
REINFORCEMENT LEARNING

TECHNICAL FIELD

Implementations described herein gencerally relate to 4 network access unit and a method in
a network access unit. In particular is herein described a rechanism for configuring a radio

resource parameter of a radio cell of a communication system.

BACKGROUND

Radio Resource Management (RRM) in state of the art radio access networks, such as the
3™ Generation Partnership Project (3GPP) Long Term Evolution (LTE) systern, comprises
several problems that include power control, radio resource scheduling, link adaptation,
load balancing, radio antenna tilting, cell range expansion, user association to radio cells,
clc. Each RRM problem may requirve of either controlling & certain radio resource parameter
{e.g., downlink transmission power of one or more eNodeBs, uplink transmit power of one
or more user devices, electrical tilt of one or more eNodeBs, etc.), or controlling the
parameter of a given control algorithms (e.g., a threshold valoe for performing cell
handover, for selecting one or more radio frequency carriers to be assigned to a user deviee,
ete.) or allocating a part of the shared radio resources {e.g. a time-frequency resource block)
{0 user devices, Radio environmental moasurcments reported by the user deviees as well as
radio measurements performed by the radio access network nodes provide the basic
information required by RRM algorithm to control one or more network operations. Radio
environmental measurements include, for instance, Reference Signal Received Power
{RSRP}), Signal to Noise Ratio (SNR), interference, Channel Quality Indicator (CQI),

Channel State Information {CSI), etc.

Different RRM problems are traditionally tackled with a dedicated algorithm that optimises
the network operation for one specific RRM task, but the same algorithm cannot typically
be reused for other RRM tasks, Additionally, within the RRM architecture different RRM
tasks affect one another or require interacting with each other. This introduces large
signalling overhead, additional complexity, and possibly performance degradation when the
RRM task cannot be fully completed within the associated critical time limit or when only

partial information from other RRM tasks is made available.
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There is room for improvement for a method of accessing a UE 10 a heterogencous network.

SUMMARY
It is therefore an objective w obviate at least some of the above mentioned disadvantages

5 and to tmprove the radio resource management of a communication system.

This and other objectives are achieved by the features of the appended independent claims.
Further implementation forms are apparent from the dependent claims, the description and
the figures.

10
According to a first aspect, an agent node for configuring a radio resource paramoter of a
radio cell of a comrapunication system is provided. The agent node is configured to obtain a
control policy. Further the agent node is configured o determine at least one feature
representing a state of at least a part of the communication systerm, at a first time period.

15 The agent node is also configured to determine a control action to be performed for
configuring the radio resource parameter in the radio cell at the first time period, out of a sei
of available control actions associatcd with the radio cell, bascd on the obtained control
policy and the determined at least one feature. Also the agent node is configured to
configure the radio resource parameter of the radio cell based on the determined control

20 action.

By autonomously learning differemt radio resource management strategies using
mcasurements collected from an algorithmic interaction with the radio enviromment, an
appropriate adjustrnent of any radio resource parameter may be made. Thus, radio resource

25 management based on leaming the network envirouental performance is provided, which
may adapt to changes in radio environment conditions without manual adjustment. Thereby
radio resources may be better managed, leading to increased network performance.

According to a first possible implementation of the first aspect, the agent node may be

(%]

further configured to determune a feature representing the state of the part of the
communication system, at a second time period. Also, the agent node may be configured to
determine a performance measwwement, associated with the performance within the radio
cell. Furthermore, the agent node may be configured 1o fransout a trajning data message to a

trainer node, comprising one or more in the group of: the determined feature representing
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the state at the first time period, the deterniined countrol action performed at the first time

period, the deterodased feature representing the staie at the second tiae period, and the
determined performance measurement. Farther the obtained control policy is received from

the trainer node.

According to a second possible implementation of the first aspect, or the first possible
implementation thercof, the agent node may be further configured to scleet which at least
one feature to utilise for representing the state of at least a part of the communication

4

system. Also the agent node may be configured tw select which performance measurement

ciated with the radio cell to utilise for representing the performance of the radio cell

According to a third possible implementation of the first aspect, or any previously described
implementation thereof, wherein a radio network node conirolling the radio cell s not co-
{ocated with the agent node, the agent node may be further configured fo transmit an
instruction to the radio network node for configuring the radio resource parameter of the

radio cell.

According to a fourth possible implementation of the first aspect, or any previously
described implementation thereof, wherein the feature representing the state of at least a
part of the communication systern, is determined based on any of: a measurement related to
received signal quality made by and received from a user device in the radio cell; a
measurement related to received signal quality made by and received from a user device in
another radio cell; a measurement related to received signal quality made by and received
from 2 user device in another radio cell; a measurement related 10 downlink transmission
power of the radio cell made by and obtained from the radio network node controlling the
radio cell; a measurement related to a number of active user devices 1n the radio cell; a
measurement related (o types, or distribution, of traffic within the radio coll; 3 measurement

related to location, or distribution, of wser devices in the radic cell; a performance

measurement, associated with the performance within the radio cell; a measurement related
to resource utilisation in the radio cell, and/ or a measurcment related to electrical tilt

associated with the radio cell.

According to a fifth possible implementation of the first aspect, or any previously described

mplomentation  thercof, the agent node may be further configured to compuic a
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performance measurement associated with at Ieast a part of the communication systern,
based on the determined performance measwrement and at leasi one other network

performance measurement received from another radio network node in the communication

=t

syster. Also, the agent node may be configored {0 ransmit the training data message to o

1¢

trainer node comprising the computed performance measurement.

According to a sixth possible implementation of the first aspect, or any proviously deseribed

implementation  thereof, wherein the obtained control policy further comprises an
exploration-to-exploitation control parameter, associated with 8 probability of applying the
determined control policy, the agent node may be further configured to determine
application of the obtained control policy, based on the obtained cxploration-to-cxploitation
control parameter.

According to a scventh pessible implementation of the first aspect, or any previously
described implementation thereof, wherein a radio network node controlling the radio cell is
another agent node, the training data message transmitted to the trainer node comprises a
training data message received from the other agent node; the agent node may be further
configured to forward the control policy to be utilised for configuring the radio resource
parameter in the racdio cell of the other agent node in the commumnication system, received
from the trainer node, to the other agent node.
According to an cighth possible implementation of the first aspect, or any previously
described implementation thereof, the agent nede may be further configured 1o verate the
determination of the feature representing the state of at least a part of the communication
system; the determination of the control action; the configuration of the radio resource
parameter mstruction; the deternunation of the performance measurement; the transmission

of the training data message, or g plurality of training data messages, to the trainer node and

the obitaining of the control policy,

According to a ninth possible implementation of the first aspeet, or any previously

described implementation thereof, the agent node may be further configured to adjust the set

of available control actions associated with the radio cell, based on the determined at feast

=

one feature representing the state of the part of the communication system, or based on the

obtained control policy.
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According to a tenth possible implementation of the first aspect, or any previously described
implementation thereot, wherein the obtained control policy may be represented by one or
more of: an indication of a neural network architecture, 2 parameter describing the number
of inputs to the first layer of the neural network, a set of parameters describing the number
of layers of the neural network, a set of parameters describing the mumber of neurons in
differont layers of the ncural notwork, a paramcter indicating the type of non-lincar
activation function used at each layer (which may comprise an s-shaped function like the
sigmoid or the hyperbolic tangent, or 8 rectified linear unit, or an exponential linear ani,
etc.), a set of parameters describing the connections between units of consecutive or non
consceutive layers in the neural network, a sot of indicators to at lcast onc neural network
index, a set of veural network weights, a number of neural networks to be configured for
radio resource parameter comntrol, a voting policy to be configured for determiming the

conirol action when the contrel policy comprises multiple neural networks,

According to an eleventh possible implementation of the first aspect, or any previously
described tmplementation thercof, wherein the obtained control policy further may
comprise: an indicator configuring a combining method for the agent node to aggregate
resplts produced by individual neural networks for determining the control action; an
indicator of the activation function for neurons in at least one neural network; an indicator

of a parameter representing an axis aligned data split function for the control policy when

hased on a decision forest; an indicator of at least two parameters representing a lincar data
split function for the control policy based on the decision forest; an indicator of a pararseter
representing a guadratic data split function for the countrol policy based on the decision
forest; an indication one or more hyper-parameters characterising the decision forest in the
group oft maximum or minimure depth of the decision forest; depth of the decision forest:
maximum or minimum number of decision trees; mummber of decision trees in the decision
forest; information gain criterion; at least one indication of the stopping criteria to determine

the depth of the decision forest.

According to a twelfth possible implementation of the first aspect, or any previously
described implementation thereof, the agent node may be further configured to determine

the performance measurement associated with the radio cell, given the feature representing

L
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the state at the first time period £ and the power control action a, taken at the first time
period €.

According to a thirteenth possible traplementation of the first aspect, or any previously
described implementation thereof, the agent node may be further configured o determine
the performance measurement, associated with the performance within the radio celf by
computing a weighted sum of scalars x; € X, parameterised by a3 scalar coefficient o €

{0, 0} and transformed by a function f;: X R {with domain Xand range of real scalars),

() = -

e Wil ()7~ 1) w e [0,00),

where x; represents a radio measurerment or a performance indicator assoctated with the
radio cell, X is the set of all radio measurements or performance indicators associated with

the radio cell and used for the definition of the performance measurement, w; is a weight

associated with x;, and & = [xy, .. x|} is 2 vector comprising all x; € X\

According to a fourteenth possible implementation of the first aspect, or any previously
described implementation thereof, the radio resource parameter to be configured is one or
more in the group off 4 control parameter associated with downlink power control in one or
mote radio cells, such as downlink power control adjustment value for a downlink power
budget, a dowalink power control adjustioent value associated with af least one portion of &
radio frequency spectrum utilised by one or more radio cells; a control parameter associated
with uplink power control in one or more user devices, such as an uplink power control
adjustment value, a fractional pathloss adjustment value, an open-loop power control
configuration value; a conlrol parameter associated with allocation of shared radio rescurces
of one or more radio cells to one or more user devices, such as time-frequency resource
blocks; a control parameter associated 0 an clectronic Gt of one or more aniennac; a
control parameter for performing hand over or cell (re-)selection for the user device, such a
threshold value of a signal strength indicator, an offset value of the sigoal strength indicator,
a threshold value associated with resowrce availability in the cell, a threshold value
associated with an expected data rate from the radio cell, a threshold value associated with
experienced data rate from the radio eell; a control parameter associated with allocation of
radio resources for control chanunel signalling, such as the number of Orthogonal Frequency-

Division Multiplexing symbols allocated to a Physical Downlink Control Channel, number

or allocation of time-frequency resource groups for Physical Downlink Control Channel; a

6
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conirol parameter associated with allocation of resources for scunding reference signals
associated to one or more user devices  ope or more radio cells, such as periodicity and
distribution of sounding signals over time and frequency, a control parameter associated
with numerology or type of waveform utilised in at least one portion of frequency spectrum
of one radio cell, such as the duration of & wansmission time interval, number of Orthogonal
Polarisation and Freguency Division Multiplexing symbols, length of cyclic prefix, and
indication to cpnable/ disable eyehic prefix, duration of a symbol in time and frequency
domain; a control parameter algorithm refated to a threshold vahie for performing hand over

or selecting one or more radio frequency carrier to be assigned to the user device.

According to a sccond aspect, a mothod in an agent node according to the first aspect, or
any possible implementations thereof, for configuring a radio resource parameter of a radio

cell of a commumication system, is provided. The method comprises obtaining a control

policy. Further the method may comprise determining at least one feature representing a
state of at least a part of the communication system, at a first time period. In addition, the
method also may comprise determining a control action to be performed for configuring the
radio resource parameter in the radio cell at a first time period, out of a set of available

1

control actions associated with the radio cell, based on the obtamed control policy. Also the

method in addition comprises configuring the radio resource parameter of the radio cell
based on the determined control action.

According to a first possible tmplementation of the second aspect, the method may further
comprise determining a foature reprosenting the state of the part of the conumunication
system at a second time period. Also, the method may further comprise determining a
performance measurement, associated with the performance within the radio cell In
addition, the method may also comprise transnuitting 2 training datz message fo the trainer

node, comprising one or more in the group of: the determined feature representing the state

at the first time period, the determained control action performed at the first time period, the
determined featare representing the state at the second time period, and the determined
performance measarement. The method may also comprise recetving the obtained control

policy from the trainer node.

According to a sccond possible implementation of the second aspeet, or the first possible

mplementation thercof, the method further may comprise selecting which at least once
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feature to utilise for representing the state of at least a part of the communication system.
Als, the method comprises selecting which pecforraance measurement associated with the

radio cell to utilise for representing the performance of the radio cell

According to a third possible implementation of the second aspect, or the first possible
implementation thereof, wherein the radio network node controlling the radio cell is not co-
{ocated with the agent node, the method further may comprise transmitting an instruction to
the radio network node for configuring the radio resource parameter of the radic cell of the

radio network node.

According 1o a fourth possible implemoentation of the sccond aspoct, or any proviously
described implementation thereof, wherein the feature representing the state of at least a

part of the communication system, is determined based on any oft a measurement related to

recetved signal quality made by and received from a wser device in the radio cell; a
measurement related o received signal quality made by and received from a user device in
another radio cell; a measurement related to downlink transmission power of the radio cel
made by and obtained from the radic network node controlling the radio cell; a

measurement refated 10 a mumber of active user devices in the radio cell; & measurement

N

related to types or distribution of traffic within the radio cell; a measurement related to
ocation or distribution of user devices in the radio cell; a performance measurement,
associated with the performance within the radio cell a measurement related o resource
utilisation in the radio cell; or a measurement related to electrical tilt associated with the

radio cell.

According to = fifth possible jmplementation of the second aspect, or any previously
described  implementation therecf, the method further may comprise computing a
performance measurement associated with at Ieast a part of the communication system,
based on the determined performance measurement and a network performance
measurerent received from another radio network node in the communication system; and
wherein the training data message transmitied to the trainer node comprises the computed

performance measgrement.

According to a sixth possible implementation of the second aspect, or any previously

oseribed  implemcentation  thereof, the method further mgy comprise obtaining an
d bed ! thereof, ¢ th vl 3 bt
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exploration-to-exploitation control parameter, associated with a probability of applying the
control policy. The method further comprises defermining application of the obtained

conirol policy, based on the obtained exploration-to-¢xploitation control parameter.

According to a seventh possible implementation of the second aspect, or any previously
described implementation thereof, wherein the radio network node controlling the radio cell
of the configured radio resource parameter i another agent node, the training data message
transiitted to the trainer node comprises @ training data message received from the other
agent node; and wherein the control policy to be wtilised for radio resource parameter
conirol in the radio ecll of the other agent node in the conununication system, obtained from
the trainer node, is forwarded to the other agent node.

According to an eighth possible tuplementation of the second aspect, or any previcusly
described implementation thereof, the method comprises iterating the determination of the
feature representing the state of at least a part of the communpication system; the
determination of the control action; the configuration of the radio resource parameter; the
determination of the performance measuremment; the transmission of the training data
message, or a plurality of training data messages, to the trainer node and the obtaining of the
control policy.

According to a ninth possible implementation of the second aspect, or any previcusly
deseribed mplementation thereof, the method may comprise adjusting the set of available

control actions associated with the radio cell, based on the determined at least one feature

policy received by the trainer node.

According to a tenth possible implementation of the second aspect, or any previously

described implementation thereof, the raethod may comprise #erating the method according

i the s

-ond aspect, or any previously described implementation thercof

According to an eleventh possible implementation of the second aspect, or any previcusly
described implementation thereof, the method may comprise adjusting the set of available
control actions associated with the radio cell, based on the determined feature representing

the state of the part of the communication system.
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According to a twelfth possible joplementation of the second aspect, or any previously
deseribed implementation thereof, the method may comprise representing the obtained
control policy by one or more of: an indicator configuring 2 combining method for the agent
node to aggregate results produced by individual neural networks for determining the
control action; an indicator of the activation function for neurons in at least one neural
nctwork; an indicator of a paramctcr representing an axis aligned data split function for the
control policy when based on a decision forest; an indicator of at least two parameters
representing a linear data spiit function for the control policy based on the decision foresty
an indicator of a paramcier representing a quadratic data sphit function for the control policy
kased on the decision forest; an indication one or more hyper-parameticrs characicrising the

ecision forest in the group of: maximure or mintmure depth of the decision forest; depth of
the decision forest; maximum or minimum number of decision trees; number of decision
irees in the decision forest; information gain criterion; at feast one indication of the stopping

criteria to determine the depth of the decision forest.

According to a thirteenth possible tmplementation of the second aspect, or any previously

described implementation thereof, wherein the obtained control policy further comprises: an
indicator configuring a combining method for the agent node to aggregate results produced
by individual neural networks for determining the control action; an indicator of the
activation function for neurons in at least one neural network; an indicator of a parameter
representing an axis aligned data split function for the control policy when based on a
decision forest; an indigcator of at least two parameters representing a lincar data split
function for the control policy based on the decision forest; an indicator of a parameter
representing a quadratic data split function for the control policy based on the decision
forest; an indication one or more hiyper-parameters characterising the decision forest in the

group oft maximum or minimum depth of the decision forest; depth of the decision forest;

maximum of minimum number of decision trees; mumber of decision trees in the decision
forest; information gain criterion; at least one indication of the stopping criteria to determine

the depth of the decision forest.

According to a fourteenth possible implementation of the second aspect, or any previcusly

deseribed  implementation  thereof, further comprising determiming the performance

&

measuromoent associated with the radio cell, given the feanure roprescnting the state at the
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first time period ¢ and the power control action a, taken at the first time period ¢

According to a fiftcenth possible implementation of the second aspeet, or any previously
described  implementation thereof, further comprising determining the performance

measurement,

ssociated with the performance within the radio cell by computing 2
weighted sum of scalars x; € X, parameterised by a scalar coefficient o € {0, ») and
o L r oK y P

transformed by a function h;: X =R (with domain X and range of real scalars),
1 —u
n{x) = — ,,azxiéx wi (B ()4 = 1) @ e {0,w),

where x; represents a radio measurerment or a performance indicator assoctated with the
radio cell, X is the set of all radio measurements or performance indicators associated with
the radio cell and used for the definition of the performance measurernent, w; is a weight

associated with x;, and & = [xy, ... X|x|] is 2 vector comprising all x; € X\

According to a sixteenth possible implementation of the second aspeet, or any previously
deoscribed implementation thereof, wherein the radio resource parameter to be configured is
one or more in the group of: a control parameter associated with downlink power control in
one or more radio cells, such a downlink power control adjustment value for a downlink
power budget, a downlink power control adjustoent valuc associated with at [cast one
portion of a radio frequency spectrum utilised by one or more radio cells; a control
parameter associated to uplink power comtrol in one or more user devices, such an uplink
power control adjustment value, a fractional pathioss adjustment value, an open-loop power
conirol configuration value; a control parameter associated with allocation of shared radio
resources of one or more radio cells to one or more user devices, such as time-frequency
resource blocks; a control parameter associated 10 an clectronic tilt of one or more antennae;

a control parameter for performing hand over or cell (re-jaclection for the user device, such

a threshold value of a signal strength indicator, an offset value of the cignal strength
indicator, a threshold value associated with resource availability in the cell, a threshold
value associated with an expected data rate from the cell, a threshold value associated with
experienced data rate from the cell; a control parameter associated with allocation of radio
resources for control channel signalling, such as the number of Osthogonal Frequency-
Division Multiplexing symbols allocated to a Physical Downlink Control Channel, number
or allocation of time-frequency resource groups for Physical Downlink Control Channel; a

conirol parameter associated with allocation of resources for sounding reference signals

Charter Communications, Inc.

Exhibit 1006
Page #402



WO 2018/068857 POT/EP2016/074617

10

N3
W

(O8]
<

associated to one or more user devices in one or more radio cells, such as periodicity and
distribution of scunding signals over time and frequency; a control parameter associated
with numerology or type of wavetorm utilised in at least one portion of frequency spectrum
of one radio cell, such as the duration of a transmission time interval, number of Orthogonal
Polarisation and Frequency Division Multiplexing symbols, length of cyclic prefix, and
indication to enable/ disable cyclic prefix, duration of a symbol in time and frequency
domain; a control paramoter algorithm related to a threshold value for performing hand over

or selecting one or more radio frequency carrier to be assigned to the user device.

According to a third aspect, a computer program is provided, with a program code for
performing a method according to the sccound aspect, or any possible Umplorcntation

thereof, when the computer program rung on a computer.

According to a fourth aspect, a trainer node s provided for determining a control policy to
be utilised by an agent node for configuring a radic resource parameter of a radio cell of a

comnrunication systern. The trainer node is configured to: receive a training data message,

associated with the radio cell, from the agent node, wherein the traiming data message

comprises one or more in the group of: a feature representing a state of at least a part of the
communication system at a first time period, a power control action performed by the agent
node in the radio cell at the first time period, a featare representing the state at the second
time period, and a performance measurement. Farthermore, the trainer node 1s configured to
store the received training data message in a database associated with the radio cell. Also,
the trainer node is configured to determine a conérel policy for the radio cell, based on at
icast one training data message, stored in the database. Furthermore, the trainer node is

configured to transmit the determined control policy to the agent node.

According to a first possible implementation of the fourth aspect, the determined control
policy may be determined by one or more of! an indicator configuring 2 combining method
for the agent node to aggregate resolts produced by individual neural networks for
determining the conlrol action; an indicator of the activation function for neurons in at least
one neural network; an indicator of a parameter representing an axis aligned data split
function for the control policy when based on a decision forest; an indicator of at feast two
parameters representing a lincar data sphit function for the control policy based on the

decision forest; an indicator of a parameter representing a quadratic data split function for

Charter Communications, Inc.

Exhibit 1006
Page #403



WO 2018/068857 POT/EP2016/074617

10

N3
W

(O8]
<

the control policy based on the decision forest; an indication one or more hyper-paramaeters
characterising the decision forest in the group of maximoum or mudowm depth of the

decision forest; depth of the decision forest; maximum or mininum number of decision

trees; number of decision trees in the decision forest; information gain criterion; at least one

2 forest.

indication of the stopping criteria to determine the depth of the decisi

According to a sccond possible implomentation of the fourth aspect, or any proviously
described implementation thereof, the determined control policy further comprises: an
indicator configuring 4 combining method for the agent node 1o aggregate results produced
by individual neural setworks for determining the control action; an indicator of the
activation function for nourons in at lcast onc neural network; an indicator of a parameter
representing an axis aligned data split function for the control policy when based on a
decision forest; an indicator of at least two parameters representing a linear data split
function for the control policy based on the decision forest; an indicator of a parameter
representing a quadratic data split function for the control policy based on the decision
forest; an indication one or more hyper-parameters characterising the decision forest in the
group oft maximun or minimuym depth of the decision forest; depth of the decision forest;
maximum or minimum number of decision trees; number of decision trees in the decision
forest; information gain criterion; at least one indication of the stopping criteria to determine

the depth of the decision forest.

According to a third possibie implementation of the fourth aspect, or any previously
described implementation thereof, the trainer node may be further configured to determine
an exploration-to-exploitation control parameter, associated with a probability of applying
the determined comirol policy; and wherein the determined ecxploration-to-exploitation
control parameter is transmattted to the agent node together with the determined control

policy.

According to 3 fourth possible implementation of the fourth aspect, or the first possible
mplementation thereof, the tratner node may be configured to determine the exploration-to-
exploitation control parameter so that the probability of applying the determined control

policy is increased over time.

According to a fifth possible mplementation of the fourth aspect, or any previously
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described implementation thercof, the trainer node may be cosfigured to compuie 2

o

performance measurement associated with at least a part of the corarnunication system,

k

based on the performance measurement recetved in the training data message received from

4

the agent node and another performance measurement received from another radio network

node in the communication system,

According to a sixth possible implomentation of the fourth aspect, or any provicusly
described implementation thereof, the trainer node may be configured to select which at
feast one feature the agent node is to utilise for representing the state of at least a part of the

comnwnication system and provide the made sclection to the agent node.

According to a seventh possible implementation of the fourth aspect, or any previously
deseribed implementation thereof, the trainer node mway be configured to select which
performance measurement associated with the radio celi, the agent node i to utilise for

representing the performance of the radio cell and provide the made selection to the agent

node.

According to a fifth aspect, a method in a trainer node is provided for determining a controf
policy to be utilised by an agent node for configaring a radio resource parameter of a radio
cell of 8 communication systern. The method comprises receiving a training data message,
associated with the radio cell, from the agent node, wherein the training data message
comprises one or more in the group of! a feature representing a state of at least a part of the
communication systern at a first time period, a contrel action performed by the agent node
in the radio cell at the first time periocd, a feature representing the state at the second time
period, and a performance measurement. The method also comprises storing the received
training data message in a database, associated with the radio cell. In addition, the method

comprises determining a conirol policy for the radio cell, based on at least one training data

message, stored in the database. The method also comprises transmitting the determined

contrg] policy to the agent node.

According to a first possible implementation of the fifth aspect, the method may comprise
determining an exploration-to-exploitation control parameter, associated with the control
policy; and wherein the determined exploration-to-exploitation control parameter is

transptied to the agent node together with the determined control policy.

14
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According o a second possible implementation of the fifth aspact, or the first possible
implementation thereof, wherein the exploration-to-exploitation control parameter is

determined to be reduced over time.

According to a third possible implementation of the fifih aspect, or any of the previously

described implomentation thoreof, the mothod may also comprise computing a performance

octated with at least a part of the communication system, based on the

1

performance measurernent received in the training dats message recetved from the agent

node and another performance measurement received from another radio network node n
the comumunication systerm,

According to a fourth possible implementation of the fifth aspeet, or any of the previously
described implementation thereof, the method may also comprise selecting which at least
one feature the agent node is 0 utilise for representing the state of at least a part of the
comnrunication systern wherein the radio cell is comprised and sending the made selection

to the agent node.

According to a fifth possible implementation of the fifth aspect, or any of the previously

deseribed  implementation thercof, the method may alse comprise selecting which

[=5

performance measurement associated with the radio cell the agent node is to utilise for
representing the performance of the radio cell and sending the made selection to the agent

node.

According to a sixth aspect, a computer program is provided, with a program code for
performing a method according to the fifth aspect, or any possible implementation thercof,
when the computer program rans on a computer,

Thanks to the provided agenmt node, trainer node and methods therein, radic resource
management 18 simplified and to some extent automated. By applving machine leaming
such as e.g Reinforcement Learning, adaptation of radic resource parameters may be made
without involving manual adjustments, also when e.g. traffic patterns, radio traffic intensity,
communication content, etc., are changing over time. Thereby spectral efficiency of the

system is enhanced.

W

Charter Communications, Inc.

Exhibit 1006
Page #406



WO 2018/068857 POT/EP2016/074617

(4]

10

20

(8§}
<D

Other objects, advantages and novel featores of the aspects of the inveantion will become

apparent from the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments are deseribed in more detatl with reference to attached drawings,

illustrating examples of embodiments of the invention in which:

Figure 1 is a block diagram illustrating a wireless commumication network with an
agent node countrolling the downlink transmission power budget for a co-
fogated radio cell.

Figare 2 ts a block diagram illustrating a wireless communication network with an
agent node controlling the downlhink transmission power budget of a non co-
tocated radio cell.

Figure 3 ts a block diagram illustrating a wireless communication network illustrating
interaction between agent node and trainer node.

Figure 4 s & block diagram illustrating a wircless comnuwmication network with
roultiple agent nodes,

Figure 5 is a flow chart illustrating a method in an agent node according to an
embodiment of the invention.

Figure is a block diagram illustrating an agent node architecture according to an
embodiment of the invention.

Figure 7 is a flow chart iHlustrating a method in a traiser node according to an
embodiment of the mvention.

Figure § 1s a block diagram illustrating a trainer node architecture according to an

ambodiment of the invention.

DETAILED DESCRIPTION

Embodiments of the invention described herein are defined as a network access unit and a
method in a network access unit, whick may be put into practice in the embodiments
described below. These embodiments may, however, be exemplified and realised in many

different forms aad are not to be huodted o the exarnples set forth herein; rather, these

T, L

iltustrative examples of embodiments are provided so that this disclosure will be thorough

and complete.
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Still other objects and features may become apparent from the following detailed
description, considered in conjunction with the accompanying drawings. It is to be
understood, however, that the drawings are designed solely for purposes of illustration and
not as a definition of the limits of the herein disclosed embodiments, for which reference is
to be made to the appended claims. Further, the drawings are not necessarily drawn to scale
and, unless otherwise indicated, they are merely ntended to concoptually illustrate the

structures and procedures described herein.

Figure 1 is a schematic illustration over a radio communication systern 208 wherein the
agent node 210 resides in a radio network node, such as an eNodeB of an LTE system, and
conirols radio resources of at least one radio cell 215 co-located with the radio access node.

The radio resource of the cell 215 may be determined based on radio environmental

-

measurements received from a user device 228 camping within the controlled radio cells
215, as well as based on information received by other radio network nodes 230
representing a performance measure associated to the communication system. The
neoighbour radio network node 230 i the ilustrated example may control three radio cclls

235-1, 235-2, 235-3.

A massive densification of radio access nodes in future radio conwnmnication systems 200
makes inter-cell nterference management particularly difficult due to the potentially large
number of interferers affecting the transmission to/ from a user device 220, and therefore

comes with a number of new challenges related to spectral efficiency and energy savings.

Solving this problem to optimality requires extensive channel state measurements
correlating the channel quality experienced by each user device from maltiple radio network
nodes 230 (i.e., radio cells) to fully characterise the state of the system. Such measurements
should be collected by a central node so as to jointly optimise the downlink power budget
used by multiple radio network nodes 230. The signaliing overhead to implement such

solution makes it prohibitive already with slow varying radio channel.

The object of the herein disclosed embodiments is to provide a method which mitigates and/
or solves the disadvantages of the prior art solutions. More specifically, it is herein

Yo

disclosed a method for performing RRM based on leaming a network environmental
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performance.

More specifically, it discloses a method for autonomously learning different radio resource
management strategics using measurersents and Key Performance Indicators (KPIs)
collected from an algorithmic interaction with the radio environment. Such algorithmic
interaction with the radio environment is based on ideas from machine learning and, more
specifically, reinforcoment learning and tailors thom to the specifics of the radio
cominunication system 200, Using the methodology proposed in this solation it is possible
to design better solutions for the management of radio resources which are more performing

and adaptive to the changing radio environment conditions.

Thereby autonomous learning is provided, leading to betier performance and improved

adaptability.

The disclosed embodiments comprise a general framework for resource management in &
radio commnunication systern 200 based on machine learning. The method may require two
fogical entitics: the agent node 210 (e.g, an eNodeB), configured to mteract with the radio
environment and determine an action based on an associated control policy; and a trainer
node {e.g., an eNodeB or a remote server) configured to learn initially only part and
eventually all of such associated control policy based on observation of the state of the
communication system 200 received from one or more agent nodes and the actions

performed in the communication system 200.

The action taken by the agenwt wvode 210 accoxding to the learned control policy may
comprise either the change of a radio rescurce parameter (e.g., downlink transmission
power of one or more eNodeBs, uplink fransout power of one or more user deviee 220,
electrical tlt of one or more eNodeBs, ete.), the change of the parameter of a given control
algorithms (e.g., one threshold value for performing hand over or selecting one or more
radio frequency carrier to be assigned to the vser device 220, typically threshold vahies
refated to Signal to Interference phus Notse Ratio (SINR), Signal to Nowse Ratic (SNR or
S/N), Reference Signal Received Power (RSRP), or any similar measurement or ratio
related to a comparison of the power level of a desired signal with the level of undesired
background noise, measured by the user device 220; or the allocation of a part of the shared

radio resourees {(¢.8. a ime-frequeney resource block) to a given user device 220,
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Instead of RSRP, other similar measurements related to signal sirength/ quality may be used
such as ¢.g. Received Signal Strength Indication (RSSI) and/ or Received Channel Power

Indicator (RCPI).

Further, instead of SNR or SINR, other similar signal to interference ratios may be utilised
such as ¢.g. signal-to-interferenec ratio (SIR}), Peak signal-to-noise ratio {PSNR), Signal-to-

noise and distortion ratio (SINAD), or similar,

i{n the following, these types of actions for simplicity are referred to as adjustments of radio
FCSOUICe paramcters.

In addition, embodiments herein further disclose an efficient method to exchange
information related to the state of the communication system 200 either across agent nodes

210 or between the agent node 210 and the trainer node.

Additionally, the nvention discloses a method for the trainer node to efficiently reconstruct
a complete or partial state of the communication system 200 and store a sequence of such
states and actions in order to learn a new control policy to be assigned to the agent node

210.

A method is therefore provided for control in the radio communication system 200 based on
{earning features characterising the state of the radic eovironroent with lunited sigralling
overhead and exploiting features to learn an optimal, or at least improved, control policy for
radio cells 215, 235-1, 235-2, 235-3 i the radio compunication system 200. In sore
embodiments, two logical entities may be involved: the agent node 210 {e.g., an eNodeB),
configured o interact with the radio environment and determine an action for optimising/

improving the assignment of radio resource parameter of one or more radio network nodes

230, based on a control poi

The agent node 210 may be co-located with the radic network node 230 in some
embodiments. However, in other embodiments, the agent node 210 may be a separate entity
versus the radio network node 230, One agent node 210 may further control a plurality of

radio cells cither co-focated 215 or not co-focated 233-1, 235-2, 235-3. Thus the exprossion

e
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“radio network node™ as utilised in this disclosure, may indicate both an agent node 210 ¢o-

{ocated with a radio network node 230, or 2 separate radic network node 230,

The other logical entity is the trainer node (e.g., an eNodeB or a remote server in different
embodiments), configured to learn a control policy based on e.g. observation/s of the state,

performed actions and/ or rewards received from the environment. In some embodiments,

the trainer node may be co-located with the agent node 210, 1o other embodiments however,
the agent node 210 and the trainer node may be separate entitics.

{n some embodiments, the trainer node may be kept in a centralised server room or similar,
where it moay withstand wind and weather while being appropriately protected from theft
and damage. Further, appropriate maintenance and software updates may conveniently be

performed by skilfled personnel.

Further, in some embodiments, information associated with the state of the radio communi-
cation system 200, or & subset thercof, may be communicated or exchanged either among

agent nodes 210 or between the agent node 210 and the trainer node.

Additionally, a method in the trainer node is disclosed, to efficiently reconstruct, store, and

exploit knowledge of at least one part of the state of the commumication system 200 to

create a new control policy for RRM control of the radio cells 215, 235-1,

In some embodiments, the agent node 210 i configured to control a radic resource
parameter of the agent node 210 or at least another radio network node. The agent node 210
is configured fo receive a message from the user device 220 in radio cell 215 countrolled by

the agent node 210 comprising at least one radio environment measurement.

Further, the agent node 210 may be configured (o receive, from at least one radio network

sode 230

>

a message comprising at least one network performance measarement, or local

reward as it also may be referred to as, associated with the communication system 200, or a

subset thereof, such as ¢.g. a subset of the communication systern 200 wherein the cell 218,

235-1, 235-2, 235-3 is situated.

The agent node 210 may additionally be configured to determine at least onc feature
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representing, partly or entirely, the state of the communication systern 200 based on the
received radio eavironmental measurement/-s and/ or the at least one setwork pecformance
measurement. Further, in some embodiments, the agent node 210 may also be configured to
determine a control action associated with the radio celi 2135, 235-1, 235-2, 235-3 in the
communication system 200 based on the control policy, a set of available control actions,
and at least one feature representing the state of the communication system 200, or a subset

thercof, The agent node 210 may further be configured o configure the radio resource

parameter associated to the radio cefl 215, 235-1, 235-2, 235-3 based on the detenmnined

conirol action.

The radio resource pararster can bo one or more of the subscquently cnumerated cxamples.
In some embodiments, the radio resource parameter may be a control parameter associated

{
with downlink power control in one or more radio cells 215, 235-1, 235-2, 235-3, such a
power controt adjustment value for the downlink power budget, a power control adjustment
value associated {0 at least one portion of the radic frequency spectrurn utillised by ong or

mare radio celis 218, 2351, 235-2, 235-3

Further, the radio resource parameter may be a control parameter associated with uplink
power control in one or more ase devices 210, such a power control adjustment value, a

fractional pathloss adjustment value, an open-loop power control configuration value,

in some embodiments, the radio resource parameter may be a control parameter associated
with aliocation of shared radio rescurces of one or more radic cells 215, 235-1, 235-2, 235-

3 to one or more user devices 220, such as time-frequency resource blocks,

{n some alternative corbodiments, the radio resource parameter may be a control parameter

associated with electronic tilt of one or more antennae,

The radio resource parameter may, according to some embodiments comprise 3 control
parameter for performing hand over or cell (re-)selection for the user device 220, such a

threshold value of a signal strength indicator {e.g., RSRP, SINR, SNR, etc.}, an offset value

of a signal strength indicator {e.g., RSRP, SINR, SNR, etc.), a threshold value associated to
the resource availability n the radio cells 215, 235-1, 2, 235-3, a threshold value

associated with the cxpected data rate from the radio ccll 215, 235-1, 2358-2, 2353, &
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threshold value associated with the experienced data rate from the radio cell 215, 233-1,

The radic resource parameter may optionally further comprise a control parameter
associated with the allocation of radio resources for control channel signalling, such as the
msumber of Orthogonal Frequency-Division Multiplexing (OFDM) symbols allocated to a
physical downlink control channci, the nomber or the allocation of ime-frequency reaourec

groups for physical downlink control channel.

Furthermore, the radio resource parameter yoay comprise a control parameter associated
with the allocation of resources for sounding reforence signals associated to one or more

user devices 220 in ove or more radio cells 215, 235-1, 235-2, 235-3, such as the periodicity

and distribution of the sounding signals over time and frequency.

The radio resource parameter may also in some emsbodiments coraprise a control parameter
associated to the numerology or type of waveform utilised in at least one portion of the
frequency spectram of one radio cell, such as the duration of a transmission time iaterval,
the number of OPFDM symbols, the length of the cyclic prefix, and indication to enable/

disable cyclic prefix, the duration of a symbol in time and frequency domain.

The radio network node 230 can be designated as a base station, e.g. a Radio Base Station
(RBS), which in some networks may be referred to as transmutter, “eNB”, “eNodeB”,
“NodeB” or "B noede”, depending on the technology and torminology used. The wmdio
network nodes 230 may be of ditferent classes such as e.g. macro eNodeB, home eNodeB
ot pico base station, based on transmission power and thereby also cell size. One or more
radio cells 233-1, 235-2, 235-3 can be controlled by one radio network node 230, or

possibly agent node 210, such as e.g. a tri-sectorial radio site.

The copunumication system 200 may at least partly be based on radio access technologies
such as, e.g., 3GPP LTE, LTE-Advanced, Evolved Universal Terrestrial Radio Access Net-
work (E-UUTRAN), Universal Mobile Telecommunications System (UMTS), Global Systern
for Mobile Commnmications {originally: Groupe Spéeial Mobile) (GSM)/ Enhanced Data
rate for GSM Evolution (GSM/EDGE), Wideband Code Division Multiple Access

(WCDPMA), Time Division Multiple Access {TDMA) networks, Frogquency Division

22
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Multiple Access (FDMA) networks, Orthogonzl FDMA (OFDMA) networks, Single-
Carrier FDMA (SC-FDMA) oetworks, Worldwide Interoperability for Microwave Access
{WiMax}, or Ultra Mobile Broadband (UMB), High Speed Packet Access (HSPA) Evolved
Universal Terrestrial Radio Access (E-UTRA), Universal Terrestrial Radio Access (UTRA),
GSM EDGE Radio Access Network (GERAN), 3GPP2 CDIMA technologies, e.g.,
CDMA2000 1x RTT and High Rate Packet Data (HRPD), just to mention some few opt-
ions. The expressions “wircless commmumication notworld”, “wircless communication
systern” and/ or “cellular telecommunication systern” may within the technological context
of this disclosure sometimes be otilised interchangeably.

~

It i to be noted that the dlustrated network sctting of one agent node 219, one radio
network node 230 and one user devics 220 in Figure 1 is 10 be regarded as a nou-limiting
example of an embodiment only. The radio communication system 200 may comprise any
other number and/ or combination of agent nodes 210, radio network nodes 230 and/ or user
devices 220. A plurality of user devices 220 and another configuration of radic network
nodes 230 and/ or agent node 210 may thus be involved in some embodiments of the

disclosed invention.

Thus whenever “one” or “a/ an” uvser device 220, radic network node 230 and/ or agent
node 210 is referred to in the present context, a phirality of user devices 220, radio network

nodes 230 and/ or agent nodes 210 may be involved, according to some embodiments.

The set of available discrete controt actions o4 = {a;}; may comprise positive or negative

offset valucs to be applied to the current radio resource parameter value. Each value may

therefore correspond to increase (positive offset), decrease (negative offset) or hold (zero

=]

offset) the current parameter value. The parameter values can equivalently be expressed @
binary, linear, logarithmic (decibel), or other suitable scales. Moreover, typically a radio
environmental parameter may have a feasible range of variable which defines the domain of
the parameter. In one example, the radio cells 235-1, 235-2, 235-3 may transmit power
budget as the control parameter takes mintmum and maximum feasible values in the range
[104B, 46487 and the set of available power control actions may comprise the values 4 =

{0, +1, £33 dB.

[}

Furthermore, the feasible range of the radio resource parameter may fiirther depend on the
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current state of the commmunication system 200, In one example, the transmit power budget
of radic cells 235-1, 235-2, 235-3 may be as the control parameter and the current value of
the transmit power is a part of the state at a fime ¢. Then the set of available power control
actions to he taken at time ¢, further may depend on the cumcat value of the power budget.
For insiance, if the current value of the power budget is 46dB then the set of available
power control actions (according to the previous exampie} may be limited to A =

{0,~1,-3} dB.

In another example the control variable might be the threshold parameter for triggering a
HandOver and have a similar set of available control actions comprising the offsets A4 =
{0, £1, £33} dB. In another example the actions might consist in the downlink or uplink
allogation of time-froquency resovree blocks to the user devices 220, In such case the set of
actions would consist of the Cartestan product of the available resource blocks {(RBs) and

user devices 220: oA = {REsHL, ¥ {UEsI.,.

In some embodiments of the invention, the agent node 210 may be configured to determine
a conirol action for controlling a radio resource parameter for at least one radio cells 235-1,
235-2

210,

235-3 controlicd by the radio network node 230, not co-located with the agent node

Further according to some embodiments, the agent node 210 may be configured to transmit
a control message o the radie network node 230 comprising at feast said radio resource

parareter adjustiments.

Figure 2 iilustrales an embodiment wherein the agent node 210 is not co-located with the
radic network node 230, In this case the agent node 210 controls the radio resource
parameter associated with at least one radio cell 235-1, 235-2, 235-3 not co-located with the
agent node 210. The advantage of this embodiment is to enable centralised control of a
plurality of radio network nodes 230, with the aim of improving KPIs like the spectral
efficiency of the systern 200, the satisfaction of Quality and Service (Qo8) requirements and

the fairness of the distribution of resources across user devices 220.

Additionally, the control message of the agent node 210 may further comprise an indication

of time associated with the condrol action, such as a starting time indicating when to apply
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the control action and 2 window indicating the validity of the control action. Furthermore,
the countrol message may comprise additionally comprise a list of conirel actions and an

associated indication of time. The control actions may further be associated with one or

more radio cells 235-1, 235-2, 235-3 controlled by the radio network node 230, or a

plurality of radio network nodes 230.

The agent node 210 may determine a set of features F = | jj} wherein each feature f; is
used to represent part of the state s, of the communication system 200 at a given time €.
Each feature f; € F can be determined based on radic measurements received from user

evices 220 within one or more radio cells 215, 235-1, 235-2, 235-3 controiled by the agent
anode 210 or based on measurcments gssociated with the communication system 200
recetved from the at least one radio network node 230. For instance, the set of features F =
{f.-l'_:l may comprise one or more of the following features, depending on the radio

resource parameter being controbied.

Thus the set of features may comprise an indicator of the downlink transmission power

associated with the at feast one radio cell 215 controlled by the agent node 210, Further, the

set of features may comprise an indicator of the downlink transmission power associated
with at least one radio cell 235-1, 235-2, 235-3 controlied by the radio network node 230
non co-located with the agent node 210, Also, the set of features may comprise an indicator
of the average, minimum, or maximum Reference Signal Received Power (RSRP)
associated with the user devices 220 within at least one radio cell 215, 235-1, 235-2, 235-3
controlled by the agent node 210, The set of features may optionally comprise an indicator
of the measured interforence associated to the radio cell 215 controlled by the agent node
210 and at lcast onc ncighbouring coll, such as the average, minimum of maximum
interference. The inferference may thereby be measured by the user devices 220 within the
at least one radic cell 215, 235-1, 235-2, 235-3 controlied by the agent node 210 and

reported o the agent node 210, Furthermore, the set of features may also comprise an

.

indicator of the average, minimum or maximurn Signal to Moise Ratio (SNR) associate
with the user devices 220 within at least one radic cell 218 controlled by the agent node

210. Additionally, the set of features may comprise an indicator of the average, minimum or

maximum Signal to Interference plus Noise Ratio (8INR) associated with the user devices

220 within at least one radio cell 215 controlled by the agent node 210. The set of teatures

>
W
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may further comprise an jndicator of the reward function associated with the radio cell 235~
1, 235-2, 235-3 controlled by the radio network node 230, Also, the set of features mayv
further comprise the mamber of active user devices 220 in the radio cell 218, 235-1, 235-2,
235-3. In further addition, the set of features may opiiopaiiv comprise the type of traffic of

the active user devices 220 in the radio cell 2185, 235-1, -2

, 233-3. The set of features
may also comprise the traffic load of the radio cell 215, 235-1, 235-2, 235-3 associated with
onc or morc frequency carrier. In addition, the sct of features may further comprise resource
utilisation within the radio cell 218, 235-1, 235-2) 235-3) such as an indication of the
average, maximum, or minimom resource utilisation. The set of features may comprise an
indication of the electrical tilt associated with one or more radio cefls 215, 235-1, 235-2,

235-3.

More generaily, the set of features may comprise # list of radio control parameters
associated with one or more radio resource management algorithms to be controlied by the
agent node 210, In one example, for HandOver or cell reselection algorithmos, the set of
features may comprise threshold values or measurement gaps related to SINR, SNR, RSRP,
or other measurements of signal strength from the user device 220 to one or more radio

network nodes 230,

Thercby, the radio environmental measurement received from user devices 220 with the
radio cell 215, 235-1, 235-2, 235-3 controlled by the agent node 210 may comprise at least
one or more in the group of: a measurement of the RSRP associated to at least one radio cell
215 comtrolled by the agent node 210 (specifically, useful signal); a measurement of RSRP
agsociated to at least one neighbouring cell (i.e., interforonce); a measurement of the SNR
associated to at least one radio cell 215 comtrolled by the agent node 210; and/ or a
measurement of the SINR. associated to at least one neighbouring cell controfled by the
agent node 210,

3

The agent node 210 can further determine/ characterise the state s, associated with part or

the entire communication system 200 at a given time ¢ by selecting a subset of features f; €

Fral

F, le s, = {fk’t}kes with § © F and f; , indicating the value of feature fj, € § at time £.

Thereby, the state of the communication system 200 can be represented by different

combinations of features and different number of features. Fach festure may comprise a

measurement or a function of some radio measurements,
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The agent node 210 is further configured to determine a performance reasurement 7,

which may be referred to as a reward associated with one or more radio cells 215, 235-1,
235-2, 235-3 in the compunication system 200 at a given time £ given the power control
action a, € A taken at time ¢ and the state 5; of the communication system 200 at time £,
ie., 1y = g(a,s;). Rather than explicitly modelling the dependency of r, on the state and
power control action, the sgent node 210 can estirnute the cell performance measurernent r,
based on the radio environmental measurements x; € X received by the user devices 220
served by the radio cell 215, 235-1, 235-2, 235-3. In other words, the user measurcments
may provide observations of the cell state and reward at time ¢+ 1 resulting from the
application of the control action a, i state 5, at time £, in some embodiments.

i1 perfo;‘mancﬁf measyrement ry

In one embodiment, the agent node 210 determines
assoctated with the controlled radio cell 215, 235-1, 235-2, 235-3 as weighted sum of the
state observations x; € X parametrised by a scalar coefficient ¢ € [0, «) and transformed
by a concave increa,sing function hy,

r:(X)~ ~Enex wil (%)= 1) @ e,w) i1
whete w; 18 a weight associated 1o the radio environmental measurement of user §, and x =

X|xy} 18 & vector comprising the radio environmental measurements of all user devices

X

{X4, e

226, used for the definition of the reward function r.(&).

in one non-limiting exemplifying case, the function and h;(x;) represents the average data
5

-3 and the reward r.(x} in

theoughput of user i in the radio cell 215, 235-1, 233-2, 2
equation [1} can be spproximated for different values of o and weights w; with e.g. any,

some or all of the following expressions: The average data throughput associated with the

user devices 220 in the radio cell 215, 235-1, 235-2, 2353, e, n(x) = = Tex R (2,
1
a = 0, w; = — for all i; The average data throughput associated to the radio cell 2

235-2, 235-3, i.e., rew) = Lyexhufx), =0, wy=1 for all i, The average log-

0 in the radio cell 215, 235-1,

transformed data throughput associated to the user devices .
) . N 1 PR - ., .,
23522, 2383, e, nx) = J&I}“‘” loglh (&), e cwy = 17| for alii; The average

sum of log-transformed data throwghput associated with the radio cell 215, 235-1, 235-2

throughput associated with the user devices 220 i the radio coll 215, 235-1, 235-2, 235-3,

27

ylog(h{x)), ifa =1, w; = 1 for all i; The average harmonic data
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2, wy = 1/|X] for all i; The average harmonic data

throughput associated with the radio cell 215, 235-1, 235-2, 235-3, 1.2,

=2 w; =1forall i

Each reward cxpression cnables the agent node 216 to optimisc a different performance
metric that can either be agsociated with individual user devices 220, 1o radio cells 2185, 235-

1, 235-2, 235-3, or the corpmunication system 200 as a whole.

The power control policy is a function, mapping the state of the communication system 200
to the set of the available actions. The power control policy may be c.g. deterministic,

stochastic, probabilistic or a combination thereof.

In one embodiment of the invention, the power control policy may be represented by one or
more neural network, wherein each neural network comprises an input layer comprising a
set of input units, a set of hidden layers each consisting a set of hidden units, and one output

fayer consisting of one or more output units. Each neural network may be represented by a
T
denoting a N, X 1 real-

. . . (1) 1 . f i )
set of weights W = {(wlU, . w'}, with w'D = fw L wy

1

g
RN
valued vector whose components represent the weights between units of layer { and vaits of
fayer I -+ 1. Furthermore, the noural network may be represented by an activation function,
possibly S-shaped, which introduces a non-linearity in trangforming the input received by

the unit into its output.

The agent node 210 can be configured with a codebook of neural networks N indexed by
n = 1,.., N, eventually of different size (i.e. with differont number of hidden layer, and

with different number of units in the input, output and hidden layers).

In one cmbodiment, the agent node 210 determinces a control action by inputting at least one

neural network associated with a Q-value function, with at least one action @; € 4 and with

at least a feature f; € X The output layer of each neural network n determines a real-value
n) . > . B . . v

qél " € [0, 1] associated with the corresponding coutrol action a; inpuited at the input Jayer.
| () . . ) PO

The value q“:‘ represents the cumulative discounted reward that the agent node 210 is

expected to achieve by choosing the control action a; and following the policy implemented
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by the neural network n afterwards.

Therefore, in one embodiment, the agent node 210 may be configured with a control policy
represented by a singic noural network and dotermine the contrel action ap with the
maximum likelihcod coefficient as:

Gp» == ArgMax g,
2% -

o one alternative embodiment, the agent node 210 may be configured with a control policy
represenied by a neural network and determine a power control action g« based on the
following steps of deternune, for cach noural notwork 7 representing the control policy, the
control action :z:"’ with the maximum g-value based on equation [2]. A next step may be to

gest mumber of neural

&

choose the control action «;- as the one that has been selected by far

notworks {c.g., majority votc). i two or more actions have been sclecicd by sn cqual

sumber of neural networks with majority vote, one of said actions may be chosen at random

with equal probability, in some embodiments.

An advantage of this described alternative embodiment may be a possibility of correcting
errors of some neyral networks which might have learmed an ingcorrect policy in some parts

of the state space.

in one alternative embodiment, the control policy may be represented by one or more
decision forests, with each decision forest comprising a set of decision trees, wherein each
decision tree is characterised by a number of nodes each of which splits the incoming data
into two subscts bascd on a threshold value. The data samples provided to cach node of a
decision three comprises a set of features f; € 7. The data may be split based on a split
function defined on & subspace of the feature space. Such subspace may be created by
selecting at random one or more features of the full feature space F and at random one or
more parameters of the split function characterising (but not limited t0) one of the following
split eriterion: axis aligned split (i.e., either vertical or horizontal alignment), one parameter

indicates a feature value f; € F; linear split, wherein at least two parameters define the

slope and the intercept value of a Hnear function of the features; and/ or quadratic sp

wherein at least three parameters define a quadratic function of the features.

An information gain criterion may determine which features or the parameters

'~

G
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characterising of the split function, to be chosen at random:. Additionally, a stopping
criterion may be used to detenmine the depth of the decision forest, such as maxiowm depth,

miniraum information gain or minimum number of data samples to be split.

The control policy can be learned by the agent node 210 based on the available radio
measurements received {rom user devices 220 in the radio cells 218, 235-1, 235-2, 235-3
controlled by the agent node 210, In an alternative embodiment, the agent node 210 may
receive 4 message comprising the control policy.
Therefore, in one embodiment of the invention, the agent node 210 may be further
configurcd to; reccive, from a trainer node, a control message comprising & control policy
for adjusting a radio resource parameter regulating the radio resources parameter {like
downlink power) or the threshold of an aigorithm managing some radio resources or the

allocation of a time-frequency resource block to a given user device 220.

The received control action can be associated with one or more radio cells 215 controlled by
the agent node 210, or with one or more radio network nodes 230 controlled by the agent
node 210, The embodiment is tllustrated in Figure 3 wherein the control message
comprising a control policy 438 s transmitted by the trainer node 460 to the agent node

210.

Figure 3 illustrates an example of imteraction between the agent node 210 and the trainer

node 400 in the cormunication system 200,

Furthermore, the control pohicy 430 may be represented by one or more off a message
indicating a neural network architecture (specitving input, hidden layers, output and number
of neurons or units per layer, and activation function). The control policy 430 may further
be represented by at least one neural network indicator indicating one neural network in the
codebook of newral setworks & already available for the agent node 210, In some
embodiments, the control policy 430 may be represented by at least one set of nearal
network weights W to be configured for at feast one neural network associated with the
control policy (the neural network may further be addressed by the neural network indicator

in some embodiments). The control policy 430 may alternatively be represented by a

*

number of noural networks to be configured for controlling the action; an indicator

o
=]
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configuring a combining method for the agent node 210 to aggregate the results produced
by individeal peural networks for determining the control action. For example, the agent
node 210 may be configured with a set of combining methods, such as majority voting,
weighted majority voting and/ or borda counting. The control policy 430 may be
representad by an indicator of the activation function for neurons in at least one neural
network. Also, the control policy 430 may be represented by an indicator of a parameter
representing/ associatod with an axis aligned data split function for a control policy bascd
on a decision forest. The control policy 430 may furthermore be represented by an indicator
of at least two parameters representing/ associated with a linear data split function for the
conirol policy 430 based on a decision forest. Also, the control policy 430 may furthermore

ke reproscnted by an indicator of a parameter representing/ associated with a quadratic data

split function for the control policy 430 hased on a decision forest. The control policy 430
may in addition be represented by an indication owne or wore hyper-parameters
characterising 2 decision forest in the group of: maximum or minimum depth of the decision
forest; depth of the decision forest; meximum or minmimum nomber of decision trees;
number of decision trees in the decision forest; information gain criterion: at least one

indication of the stopping criteria to determine the depth of the decision forest.

In some embodirnents of the invention, the agent node 210 may be further configured to
receive, from the irainer node 400, a control message 430 further comprising an
exploration-to-cxploitation control parameter € associated with the control policy. Also, the
agent node 210 may be configured o determine whether to apply the control policy 430

based on the exploration-to-cxploitation control parameter €.

The exploration-to-exploitation control parameter € may indicate how often in average the
conirol policy 430 should be used compared to an alterative control policy 430, such as,

for mstance, selecting a random action in the set A. The advantage of this method 15 to

aliow

o exploration of new states of the communication system 200 that would otherwise

1ot be observed by the agent node 210 by using always the received control policy 430

{n some embodiments, the agent node 210 is further configured to determine a Training

Data Message (TDM) 420 compr

ing at least apn indication of The state s, of the
communication system 200 measured at a certain time ¢; The control action a; taken by the

agent node 210 at time ¢; The state of the communication system 200 5., measured after

%)
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the control action; A measurement of the system performance vy, 1.¢. the reward associated
with the new state of the compmunication systen 200 and the control action. The determined

{raining data message 420 is then transmitted to the trainer node 4060.

The training data message 420 may furthermore be associated with one or more radio cells
215, 238-1, 235-2, 235-3 or with one or more radio network nodes 210, 230, in the
communication aystern 200, Therchy, the traming data message 420 may provide
ohservations of the state of the communication system 200 associated with the control
action taken by one or more radio cells 215, 235-1, 235-2, 235-3 or radio network nodes

210, 230, This embodiment, cnables the trainer node 400 to efficiently adapt the conirol

policy to changes in the communication system 200 so as to optimise the systen

performance.

The trainer node 400 may further be configured to: receive, from at least one agent node
210, at lesst one training data message 420; determine a control policy 430 associated with
at least one radio cell 215, 235-1, 2352, 235.3 in the communication systern 200 based at
feast on the received training data message 420; transmit, to the agent node 210, a control

message comprising the control policy 430 for optimising the radio resource parameter.

The training data message may further carry a batch of training data, 1.e. a set of quadruplets
{{s0,8, Sppr, Tewr M=y associated with T 2 1 observations of the state transition due to the

control action.

The radio cell 215, 235-1, 235-2, 235-3 associated with the control policy 430 can either be

controlled by the agent node 210 or by another radio network node 239 controlied by the

agent node 210. In the latter case, the agent node 210 may transmit to the radio network

node 230 control commands associated with the radio celf 235-1, 235-2, 235-3 computed

based on the control policy 230 according to former embodiments of the invention,

Figure 4 illustrates interaction between the first agent node and a second agent node 568 in
the comynunication systern 200, ¢.g., via the X2 interface of an LTE system, or the Si

interface.

In one embodiment of the invention, the agent sode 210 may be further configured to

tad
[
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determine at least one inter-agent message comprising of at feast one of the following items:
a network petformeasce measureraent (local reward) associated with the radic cell/-s 215
conirolled by the agent node 210; a control message comprising the current control pol

430; and/ or a Training Data Message (TDM).

The agent node 210 may furthermore be configured to transmit the message/s to at least
anothor agent node 500 which can be represented by the radio network node 230 previously

mentioned, or being co-located with the trainer node 400, Upon receiving this informati

i,
the second agent node 500 may further determine 2 performance measurement 7, associated
with at least one part or the whole comunonication system 200 {¢.g., a group of more than
one radio cell 215, 235-1, 235-2, 235-3) based on the at least one (local) reward received by
the first agent node 210 and the performance measurement r, associated to at least one radio

cell 235-1, 235-2, 235-3 controlled by the second agent node 560,

{n some embodiments, the contrel policy for the agent node 210 may be determined by the

trainer node 400 upon receiving at least one data training message 420,

The controd policy 430 could additionally be associated to a grovp of more than one radio

cell 218, 2358-1, 235-2, 235-3. In one example, the controd policy 430 may be associated
with & group of three radio cells 235-1, 235-2, 235-3 co-located in a tri-seciorial radio
network node 235, The agent node 210, 500 can cither reside in said radio network node

230 or control said radio network node 230 in different embodiments.

In one implementation of the embodiment, the trainer node 400 may determine a new
control policy 430 based on the new training data comprised on the received fraining data
message 420 and based on formerly received training data. The received training data 420 is
thercafter stored by the trainer node 400, for instance in a databasc 418, to be available for
future derivations of the contrel policy 430, The training data stored by the trainer node 400
may be received from one or more agent nodes 210, 500 and thereby be associated with
different radio cells 215, 235-1, 235-2, 235-3 or different radic network nodes 210, 230, 500

in the communication systern 200,

In one embodiment of the invention, the training node 400 may be further configured to

determiine an exploration-to-exploitation coutrol parameter € associated with the control
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policy 430; and transmit, to the agent node 210, a control message further comprising the

exploration-to-exploitation control parameter €.

The cxploration-to-cxploitation control parameter € rogulates the utilisation of the control
policy 430 at the agent node 214 In one exemplifving case, exploration-to-exploitation

“

conirol parameter € may take values in the interval ¢ € {0, 1] (with zero and one included in
the interval). Thercby, a given value of the exploration-to-exploitation control parameter €
indicates how often in average the conirol policy 430 should be used compared to an
alternative control policy, such as, for instance, selecting a random action in the sct A.
Thereby, a value € = 0.2 may indicate to the agent node 210 to select a control action g, €
A based on the received control policy 430 in 80% of the times, whilst selecting a control

action @, € 4 at random in 20% of times (or vice versa).

The advantage of this embodiment is to allow the exploration of states of the
coramunication system 200 that would otherwise not be observed by the agent node 210 and
the trainer node 400, The explored stutes of the communication system 200 may be reported
by the agent node 210 to the trainer node 400 via the traiming data message 420 according to
previously described embodiments.

An efficient control of the exploration versus exploltation trade-off may be an advantage as
exploring at randorm the states of the conumumication system 200 may lead to degradation of
the system spectral efficiency. Thereby, in one embodiment of the invention, the
exploration-to-exploitation control parameter € is gradually reduced over time according to
a predefined method so as to gradually reduce exploration of the unknown state space and
gradually increase exploitation of the control policy 430. In one exampie, the exploration-
to-oxploitation control paramcter €, updated overy time an action s sclocted may be
computed as:

€ = -’{Emin + {\1 A)ém.am A= min (,:1’ ;}

whereln €,;, represents a mimmmum valie of the exploration-to-exploitation control
parameter that the agent node 210 will preserve once the main exploration phase is
completed, €4, 18 the largest epsilon value with which the agent node 210 will start. Here
k = 0is a discrete counter representing the number of actions executed up until the current
time, and N is the total oumber of actions during which the anncaling from €,,,, 10 Emin

should take place.
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The trainer node 400 can determice the optiraal coatrol policy 430 based on a
Reinforcement Learning (RL) algorithm. The reinforcement learning algorithm solves the
problem of associating the experienced reward to the control actions that, taken in a given

state of the systerm 200, lead to that reward. The control policy 43

resulting from a
reinforcement learning algorithm, maps a given system state to the action to be taken

{among the available st of actions) in order to maximise the comulative roward,

Some of the most popular methods in RL are critic-only methods. They are based on the

idea of finding an optiraal value function and then deriving a policy from it.

Possibly the most well-known of the critic-only algorithuns is that of Q-learning. A Q-value
function 15 a prediction of future reward, more precisely the Q-value function tries to feam
“how much total reward can I expect from taldng action a in state 5 and following the

policy 77

By extracting a Q-function, rather than learning directly what action to take in a given state,
it may be learncd how valuable it is to take an action in a given state and then derive a

policy from it

The Q-value function associated with taking action @ in state 5, following the policy w and
with discount factor vy is written as:

07(5,0) = Elryes +¥rsz + ¥2hees + 15,4

Such Q-value function can be learned by the method of the temporal differences:

~ N

Qlsp ) < Qlspan) + a(ryy . +ymax, ., Q(St“,a') — G{s, a. )

The difference may be calculated as the discrepancy between the Q-value predicted by the
Q-value function at time siep ¢, that 18 Q(s,, a,) and the actaal reward plus discounted Q-
value at time step ¢+ 1, that is v ¢ + ymax e 4@ (Se @)

Such discrepancy between what is predicted and what is actually experienced is used fo
correct (after multiplication with a certain learning rate o} the estimated Q-function and

bring it closer to the rue Q-function which is to be learned. The algorithms described above
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assumed that the value function may somebhow be represented in an appropriate way, e.g.,
by storing it i a table. However, in practice state spaces might become very large or even
infinite s0 that a table based representation is not possibie. Morcover, filling these large
tables would require & huge amount of observed transitions. To overcome this problem,
value functions are typically represented in terms of parameterised function approximators,
e.g., lincar functions or, as mesntioned in this description, neural networks. Instead of
updating individual catrics of the value fanctions, the paramcters of the function
approximator are changed using gradient descent to minimise the error:

L= :lE? +max, Qs a) = Qls, a)}z,

Figure 5 is a flow chart illustrating embodiments of a method 668 in an agent node 210 for
configuring a radio resource parameter of a radio cell 215, 235-1, 235-2, 2353 of a
coramunication system 200, The radic cell 215, 235-1, 235-2, 235-3 is controlled by the
agent node 210 or in some embodiraents by another agent node 500, or aliernatively by a
network node 230, The agent node 210 may be co-located with a trainer node 400 and/ or
the network pnode 230 controlling the radio cell 215, 235-1, 2358-2, 2353 in some
cmbodiments. Alternatively, the agent node 210 may be situated at a distance from the

trainer node 400 and/ or the network node 230,

The communication system 200 may be based on 3GPP LTE. Further, the wireless
conununication system 200 may be based on Frequency-Division Duplex (FDD) or Time

Division Duplex (TDD) in different erabodiments.

To appropriately configure the radio resource parameter instruction of the radio cell 218,

235-1, 235-2, 235-3, the method 600 may conprise a nurnber of sieps 681-612.

It is however to be noted that any, some or all of the described steps 601-612, may be
performed in a somewhat different chronological order than the enumeration indicates, he
performed simultaneously or even be performed in a completely reversed order according to
different embodiments. Some actions sach as e.g. step 602-603, 607-612 may be performed
within some, but not necessarily all embodiments. Further, it i3 to be noted that some
actions may be performed in a plarality of alternative manners according to different emb-

odiments, and that some such alternative manners may be performed only within some, but

o
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1ot necessarily ali embodiments,

The agent node 210 may in some embodiments periodically re-perform any, some or all of
step 601-612, thercby enabling application of a new control policy 430 according to some

embodiments. The method 600 may comprise the following steps:

Step 681 compriscs obtaiming the control policy 430, The control policy 430 may be

received from the trainer node 400.

in some embodiments wherein the radio network node 500 controlling the radio cell 235-1,
235-2, 235-3 to be controfled is another agent node 500, the control policy 430 to be utiliscd
for configuring the radio resource parameter in the radio cell 235-1, 235-2, 235-3 of the
other agent node 500 in the communication system 200, obtained from the trainer node 400,

may be forwarded to the other agent node 500,

The comtrol policy 436 may be obtained iteratively in some embodiments.

The obtained control policy 430 may be represented by one or more of an indicator
configuring a combining method for the agent node 210, SO0 to aggregate results produced
by individual neural networks for determining the control action; an indicator of the
activation function for neurons in at least one neural network; an indicator of a parameter
representing an axis aligned data split function for the control policy 430 when based on a
decision forest; an indicator of at least two parameters representing a linear data split
function for the control policy 430 based on the decision forest; an indicator of a parameter
representing a quadratic data split function for the controf policy 430 based on the decision
forest; an indication one or more hiyper-parameters characterising the decision forest in the
group oft maximum or minimum depth of the decision forest; depth of the decision forest;

maximum of minimum number of decision trees; mumber of decision trees in the decision

forest; information gain criterion; at least one indication of the stopping criteria to determine

the depth of the decision forest.
According to various embodiments, the obtained control policy 430 may further comprise:
an adjustment of the set of available control actions associated with the radio cell 2135, 233-

1, 235-2, 235-3; an indicator configuring a combiming method for the agent node 210, 500
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10 aggregate results produced by individual neural networks for determining the conirol
action; an indicator of the activation function for neurons in at least one neural network; an
indicator of a parameter representing sn axis aligned data split function for the control
policy 430 when based on a decision forest; an indicator of at least two parameters
i'epreseming 2 linear data split function for the control policy 430 based on the decision
forest; an indicator of a parameter representing a quadratic data split function for the control
policy 430 bascd on the decision forest; an indication onc or more hypor-paramotors
characterising the decision forest in the group of maxinum or minimum depth of the
decision forest; depth of the decision forest; maximum or minimum nember of decision
irees; mumber of decision trees in the decision forest; information gain criterion; af feast one

indication of the stopping criteria to determine the depth of the decision forest.

Step 662, which only may be comprised in some embodiments, may comprise selecting
which at least one featurc to utilise for representing the state of at least a part of the

communication systern 200

The feature representing the state of at least a part of the commumnication system 200, may
be selected based on any, some or a combination oft a measurement related to received
signal quality made by and received from a wser device 220 in the radio cell 215, 235-f,
238-2, 235-3; a measurement related to received signal quality made by and received froma

user device 220 in another radio cell 218, 235-1, 235.-2) 235-3; a measurement refated to

downlink transmission power of the radio cell 215, 235-1, 235-2, 235-3 made by and
obtained from the radio network node 210, 230, 500 controlling the radio cell 2185, 235-1,
235-2, 235-3; a measurement related to a number of active user devices 220 in the radio cell
215, 235-1, 235-2, 235-3; a measurement related to types or distribution of traffic within the
radio cell 215, 235-1, 235-2, 235-3; a measurement related to location or distribution of user
devices 220 in the radio cell 215, 235-1, 235-2, 235-3; or a performance measurement,

associated with the performance within the radio cell 215, 235-1, 235-2, 235-3.

Step 683, which only may be comprised in some embodiments, may comprise sclecting

which performance measurement associated with the radio cell 2135, 23571, 235-2,235-3 to
5

utilise for representing the performance of the radio cell 215, 235-1, 235-2, 235-3.

Step 6{4 comprises detormining at least one feature ropresenting a state of at least a part of

oy
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the commwnication system 200, at a first time period, The part of the communication system

200 may be the part of the coramunication systern 200 wherein the radio cell 2135, 235-1,
238-2, 235-3 for which control of the radio resource parameter is to be performed, is

situated.

The determination of said featare may in some embodiments comprise iterating the
determination of the feature represcnting the state of at icast the part of the commumnication

systern 200,

The feature representing the state of at least a2 part of the comumunication system 200
wherein the radio cell 215, 235-1, 235-2, 235-3 may be situated, may be determined based
on any, some or a combination of: a measurement related to received signal quality made by
and received from a user device 220 in the radio cell 215, 235-1, 235-2, 235-3; a
measuroment related to received signal quaiity made by and received from a user device
220 in another radio cell 218, 235-1, 235-2, 235-3; a measurement related to downlink
transmission power of the radio cell 215, 235-1, 235-2, 235-3 made by and obtained from

the radio network node 210, 230, 500 controlling the radio cell 215, 238-1, 235-2, 235-3; a

measurernent refated to a mumber of active user devices 220 in the radio cell 213
235-2, 235-3; a measurement related to types or distribution of traffic within the radic cell
218, 235-1, 235-2, 235-3; a measurement related to location or distribution of user devices

220 in the radio cell 215, 235-1, °

&
.
&
=
2

’.; Qf 4 perf@rmemoe measyrement,

with the performance within the radio cell 215, 235-1, 235-2, 235-3.

Step 608 comprises determining a control action 1o be performed for configuring the radio
resource parameter jo the radio cell 215, 235-1, 235-2, 235-3 at the first time period, out of
a set of available control actions associated with the radio cell 213, 235-1, 235-2, 235-3,

based on the obtained 61 control policy 430,
The determination of the control action may be iterated according to some embodiments
Further, the set of available control actions associated with the radio cell 215, 235-1, 2352,

235-3 may be adjusted according to some embodiments, based on the determined 604 at

least one feature 1‘cprcsantin g the state of the part of the communication system 200 wherein

the radio cell 213, 235-1, 235-2, 235-3 may be comprised, or based on the control policy

A
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430 received by the trainer node 400.

Step 686 comprises configuring the radio resource parameter of the radio cell 215, 233-1,

235-2, 235-3 based on the determined 605 countrol action.

The configuration of the radio resource parameter may be iterated according to some

cmbodimenis.

Step 687, which only may be comprised in some embodiments wherein the radio network
E v o
node 230 controlling the radio cell 235-1, 235-2, 235-3 is not co-focated with the agent node
210, may comprisc transmitting the configured 606 radio resource parsmeter of the radio
~a

cell 235-1, 235-2, 235-3 1o the radio network node 230 for control of the radio resource

parameter in the radio cell 235-1, 235-2, 235-3 of the radio network node 230

Step 608, which only may be comprised in some embodiments, may comprise determining
the feature representing the state of the part of the communication system 200 wherein the

radio cell 215, 235-1, 235-2, 235-3 may be situated, at a second time period.

The feature representing the state of the part of the communication systern 200 may
typically be the same as previously determined 604 at the first time period, enumerated in

step 604.

Step 609, which only may be comprised in some smbodiments, may comprise determining
a performance measureraent, associated with the performance within the radio cell 215,

235-1, 235-2, 235-3, or within the communication system 200 or a subset thereof.

The performance measurerment may be made at the first tiree period in some embodiments

some embodiments.

and at the second time period ir
The determined performance measurement may be ierated in some embodiments.

The performance measurement associated with the radio cell 215, 235-1, 235-2, 235-3 may
in some embodiments be determined, given the feature ropresenting the state at the first time

period ¢ and the control action a; taken at the first time period £,
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The performance measurernent, associated with the performance within the radio cell 215,

wd

L)

-
]

-1, 235-2, 2353 may in some embodiments be determined by computing a weighted

13

sum of scalars x; € X, parameterised by a scalar coefficient o € [0, «) and transformed by
a function A;: X' —R (with dorsain X and range of real scalars),

T Wil (x) "~ 1) @ €0,0),

where x; represents a radio measurerment or a performance indicator assoctated with the

radio cell 215, 235-1, 2 35-3, X 18 the set of all radio measurernents or performance

g

indicators associated with the radio cell 215, 233-1, 235-2, 235-3 and used for the definition

of the performance measurement, w; 18 a weight associated with x;, and x = [y, .2y ] 5 a

veetor comprising allx; € X

Step 618, which only may be comprised in some embodiments wherein step 609 has been
performed, may comprise computing a performance measuroment associated with at least a
part of the communication systemn 200 wherein the radic cell 213, 235-1, 235-2, 235-3 may
be situated, based on the determined 609 performance measwrement and 2 network
performance measurement received from another radio network node 230, 300 in the

coramugication gystem 200,

Step 611, which only may be comprised in some embodiments, may comprise {ransoitting
a training data message 420 to the trainer node 400, comprising one or more in the group oft
the determined 604 fearure representing the state at the first time period, the determined 605
control action performed at the first time period, the determined 608 feature representing the
state at the second time period, and the determined 609 performance measurement.

in some embodiments wherein step 610 has been performed, the training data me 420

transpitted to the trainer node 400 comprises the computed 610 performance measurement.

in some embodiments wherein the radio network node 500 controlling the radio cell 233-1,
235-2, 235-3 of the control is another agent node 500, the training data message 420
transmitted to the trainer node 400 may comprise a training data message 420 which has

previously been received from the other agent node S0{.

The trapsmission of the traiming data message 420, or of a plurality of training data
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messages 420 in a collected batch of training data moessages 420 w0 the wainer node 409,

may be iterated in some erehodiments.

Step 612, which only may be comprised in some embodiments wherein the obtained 601

conirol policy 430 further may comprise an exploration-to-exploitation control parameter,

1

associated with a probability of applying the control policy 430, may comprise determining
application of the obtained 601 control policy 430, based on the obtained 601 exploration-
to-explottation control parameter.

a0 6

in some embodiments, any, some or all method steps 6G1-612 may be iterated infinitely, for

a limited period of time, or until a threshold Himit s achioved.

Figure 6 illustrates an embodiment of an agent node 210, 500 for configuring a radio
resource parameter of a radio cell 215, 235-1, 235-2, 235-3 of a communication system 200,
The agent node 210, 500 is configured to perform the method 600 according {0 any, some,
all, or at least one of the enumerated method steps 601-612, according to some

embodiments.

The agent node 210 is thos configured 1o obtain a control policy 430, Further, the agent
node 210 is configured to determine at least one feature representing a state of at least a part

235-1, 2352, 235

{¥
&

of the communication system 200, e.g. wherein the radio cell 2

situated, at a first time period. In addition, the agent node 210 is configured to determine a
contrel action to be performed for configuring a radio resource parameter in the radio cell

213, 235-1, 235-2, 235-3 at the first time period, out of & set of available control actions

associated with the radio cofl 215, 235-1, 235-2, 235-3, based on the obtained control policy
430 and the determined at lcast one feature. Furthermore, the agent node 210 is also

-1, 235-2,

fn

configured to configure the radic resource parameter of the radic cell 213, 23

235-3 based on the determined control action.

Furthermore, 1 some embodiments, the agent node 218, 500 may be further configured to

ctermine a feature representing the state of the part of the communication system 200, at a
second time period. The part of the communication system 200 may be the part wherein the
radio cell 215, 2351, 235-2, 235-3 18 situated. The agent node 210, 500 may also be

>

configured to detormine a performance mceasuroment, associated with the performance
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within the radio cell 215, 235-1, 235-2, 235-3. Also, the agent node 210, 500 may be
additionally configured fo transmit a itraining data message 420 10 a trainer node 400
comprising one or more in the group of! the determined feature representing the state at the
first time period, the determined control action performed at the first time period, the
determined feature representing the state at the second time period, and/ or the determined
performance measurement. The agent node 210, 500 may also be configured to obtain the

control policy 430 by reeciving the control policy 430 from the trainer node 400.

In some optional embodiments, the agent node 2190, 500 may be configured to select which
at least one feature to wtiise for representing the statc of at least a part of the
comumunication system 200, Further, the agent node 210, 500 may also be configured to
select which performance measurement associated with the radio cell 215, 235-1, 233-2,

235-3 to utilise for representing the performance of the radio cell 213, 235-1, 235-2, 235-3.

According to some embodiments, the agent node 210, 500 may be configured to transmit
the configured radio resource parameter instruction of the radio cell 238-1, 235-2, 235-3 to
the radio network node 230 for adjusting the radio resource parameter of the radio cell 235-
1, 235-2, 2353 of the radio network node 230, when the radio network node 230

controlling the radio cell 235-1, 235-2, 235-3 is not co-located with the agent node 210,

Furthermore, the agent node 210, 500 may also be configured to determine the feature
representing the state of at least a part of the comnumication system 200, ¢.g. where the
radio cell 215, 235-1, 235-2, 235-3 is situated, based on any of: & measurcment related to
recetved signal quality made by and received from a user device 220 in the radio cell 213,
235-1, 235-2, 235-3; a measurement related to received signal quality made by and received
frora a user device 220 in another radio cell 215, 235-1, 235-2, 235-3; a measurcment
related to downlink transmission power of the radio cell 215, 235-1, 235-2, 235-3 made by
and obtained from the radio network node 210, 230, 500 controlling the radio cell 215, 235-
1, 235-2, 235-3; a measurement related 10 a nomber of aciive oser devices 220 in the radio
cell 215, 235-1, 235-2, 235-3; & measurement refated to types, or distribution, of traffic
within the radio cell 215, 235-1, 235-2, 235-3; a measurement related to location, or
distribution, of user devices 220 in the radio cell 215, 235-1, 235-2, 235-3; or a performance
measurement, associated with the performance within the radio cell 218, 235-1, 235-2, 235-

3
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The agent sode 210, 500 may be configured o coropuie a perforovance measurcrent

associated with at least a part of the comnmnication system 200, ¢.g. wherein the radio cell

and at least cne other network performance measyrement received from another radio
network node 230, 500 in the communication system 200. Further, the agent node 210, 500
may also be configured to transmit the training data message 420 to the tramcr node 400

comprising the computed performance measurement, in some embodiments.

{n addition, the agent node 210, 500 may be configured to obtain an exploration-to-
cxplottation control paramcter, associated with a probability of applying the detormined
control policy 430, The agent node 210, 500 may further be configured to determine
application of the obtained control policy 430, based on the obtained exploration-to-
exploitation control parameter. The exploration-to-exploitation control parameter may ¢.g.
be received from the #rainer node 400 together with the control policy 430 in some

embodimenis.

Tn some embodiments, wherein a radio network node 500 controlling the radio cell -

[N

35-2, 235-3 1s another agent node 500, the agent node 210 may be configured to transmit
the training data message 420 to the trainer node 400 comprising a training data message
420 received from the other agent node S00. The agent node 21(, 500 may also be further
configured to forward the control policy 430 fo be utilised for radio resource parameter
adjustment in the radio cell 235-1, 235-2, 235-3 of the other agent node 500 in the

comumunication system 200, received from the trainer node 400, 1o the other agent node 500,

According to some optional embodiments, the agent node 210, 500 may be configured to
iterate the determination of the feature representing the state of at least a part of the

cotumunication system 200; the determination of the control action; the configuration of the

radio resource parameter instnuction; the determination of the performance measurement;
the transmussion of the training data message 420, or a plurality of training data messages

420, to the trainer node 400 and/ or the obtaining of the control policy 430.

The agent node 210, 500 may i addition be configured to adjust the set of available control

actions associated with the radio coll 218, 2358-1, 235-2, 235-3, based on the determined at
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ieast onc feature representing the state of the part of the comnwaication system 200, or
hased on the obtained control policy 430,

Algo, in some embodiments, the agent node 210, S00 may be configured to obisin the
conirol policy 430, represented by one or more of: an indicator configuring a combining
method for the agent node 210, 500 o aggregate results produced by individual neural
nctworks for determining the control action; an mdicator of the activation function for
neurons o at least one neural network; an ndicator of 3 parameter representing an axis
aligned data split function for the control policy 430 when based on a decision forest; 4n
indicator of at least two parameters representing a linear data split function for the control
policy 430 bascd on the decision forest; an indicator of a paramcter representing a quadratic
data split functicn for the countrol policy 430 based ou the decision forest; an indication one
or more hyper-parameters characterising the decision forest in the group of: maximum or
minimurm depth of the decision forest; depth of the decision forest; maximum or minimam
number of decision trees; number of decision frees in the decision forest; information gain
criterion; at least one indication of the stopping criteria to determine the depth of the

decision forest.

Additionally, the agent node 210, 500 may be configured, in some embodiments, to obtain
the control policy 430, comprising an adjustment of the set of available control actions
“3

associated with the radio cell 218, 235-1, 2353-2, 235-3; an indicator configuring a

combining method for the agent node 219, 500 to aggrogate resulis produced by individual

neural networks for determining the control action; an indicator of the activation function
for newrons in at least one neural network; an indicator of a parameter representing an axis
aligned data split function for the control policy 430 when based on a decision forest; an
indicator of at least two parameters representing a linear data split function for the control
policy 430 basad on the decision forest; an indicator of a parameter representing a quadratic

data split function for the conwol policy 430 based on the decision forest; an indication one

or more hyper-parameters characterising the decision forest in the group of maximum or
mintmum depth of the decision forest; depth of the decision forest; maximuom or minimum
pumber of decision trees; namber of decision trees in the decision forest; information gain
criterion; and/ or at least one indication of the stopping eriteria to determine the depth of the

decision forest.
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The agemt node 210, 500 may in some embodiments be configured to determine the
performance measurcruent associated with the radio cell 215, 235-1, 235-2, 235-3, given the
feature representing the state of the commnrunication systern 200, or 3 subset thereof, at the

first time period ¢ and the control action a, taken at first time period ¢.

In some embodiments, the agent node 210, 500 may be additionally configured to determine
the performance measuroment, assoctated with the performance within the radic coll 215,
235-1, 235-2, 235-3 by computing a weighted sum of scalars x; € X, parameterised by a
scalar coefficient o € [0,00) and transformed by 8 function ;1 X' =R (with domain Xand

range of real scalars),

ni{x) =

P wi(hi{x 3% — 1) e €{0,00},

-

where x; represenis a radio measurement or a performance indicator associated with the

radio cell 215, 235-1, 235-2, 235-3, X is the set of all radio measurements or performance

indicators assoctated with the radio cell 215, 235-1, 235-2, 235-3 and used for the definition

of the performance measurement, w; is a weight associated with x;, and x = [y, .2y ] is a

vectar o sing all ¥ ©
vector comprising all x; € X,

For enhanced clarity, any internal elecironics or other components of the agent node 210,
2ot completely indispensable for understanding the herein described embodiments has been

oraitted from Figure 6.

The agent node 214 comprises a receiver 710, configured for receiving e.g. signal strength/

quality measurcments from once or more uscr devices 220, for recciving ¢.g. signal strongthy/
guality measurements or other information from one or more radio network nodes 230; or

for receiving ¢.g. the control policy 430 from the trainer node 400,

Further, the agent node 210 comprises a processor 728, configured for configuring a radio
resource parameter of the radio eoll 218, 235-1, 235-2, 235-3 in the communication sysiem

200, by performing at least some steps 601-612 of the described method 600,

Such processor 720 may comprise one or more instances of a processing circuil, L a
Central Processing Unit (CPU), a processing unit, a processing circuif, a processor, an

Application Specific Integrated Circuit (ASIC), a microprocessor, or other prosessing logic
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that may interpret and execute ingtructions. The herein utilised expression “processor” may

thus represent a processing circoiity comprising & plurality of processing circuits, such as,

e.g., any, some or all of the ones enumerated above.

Further, the agent node 210 may in some embodiments comprise a iransmitter 738,
configured for transmitting various signals, to be received by the waser device 220, radio

network node 230, other agent node 500 and/ or trainer node 400

In further addition, the agent node 210 may comprise at least one memory 7258, according to
some embodiments. The optional memory 725 may comprise a physical device utilised to
store data or programs, 1.¢., scquences of mstructions, on a tomporary or permanent basis.

~

According to some embodiments, the memory 725 may comprise integrated circuiis

comprising silicon-based transistors. Further, the memory 725 may be velatile or non-

volatile.

At least a sub-set of the previously described method steps 601-612 to be performed in the
agent node 210 may be implemented through the one or more processing circuits 720 in the
agent node 210, together with a computer program product for performing the functions of
at feast some of the method steps 601-612. Thus a computer program product, comprising
instructions for performing the method steps 601-612 may perform radic resource parameter
adjustment of the radio eell 215, 235-1, 235-2) 235-3 in the communication system 200,

when the computer program is loaded into the processor 720 of the agent node 210.

The computer program mentioned above may be provided for instance in the form of a data
carrier carrying coraputer program code for performing at least some of the method steps
601-612 according to some cmbodimenis when being loaded into the processor 720. The
data carrier may be, e.g., 2 hard disk, a CD ROM dise, a memory stick, an optical storage
device, a magnetic storage device or any other appropriate medium such as a disk or tape
that may hold machine readable data in a non-transitory masner. The computer program
product may furthermore be provided as computer program code on a3 server and

downloaded to the agent node 210 remotely, e.g., over an Internet or an intranet connection.

Figure 7 s a flow chart illustrating embodiments of a method 888 n a trainer node 400 for

ctormining & control policy 430 to be utilised by an agent node 216, 500 for configurng &
det g { policy 430 to be utilised by gent node 210, 500 figuring
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radio resource parameter of a radio cell 215, 2351, 235-2, 235-3 of a conununication

system 200,

The radio cell 215, 2351, 235-2, 235-3 is controlled by the agent node 210 or in some
embodiments by another agent node 500, or alternatively by a network node 230, which in

turn is controlled by the agent node 210, 500. The agent node 210 may be co-located with &

ner node 400 and/ or the network node 230 controliing the radio coll 215, 235-1, 235-2,

trai
235-3 in some cmbodiments. Alternatively, the agent node 210 may be situated at a distance

from the trainer node 400 and/ or the network node 234,

The control policy 430 may be reprosented by onc or more of: an ndicator configuring a
combining methad for the agent node 210, 500 to aggregate vesults produced by individual
neural networks for determining the control action; an indicator of the activation function
for newrons in at least one newural network; an indicator of a parameter representing an axis
aligned data split function for the conirol policy 430 when based on a decision forest; an
indicator of at least two parameters representing a linear data split function for the control
policy 430 based on the deciston forest; an indicator of a parameter representing a quadratic
data spitt fanction for the control policy 430 based on the decision forest; an indication one
or more hyper-parameters characterising the decision forest in the group of maxinvam or
mintmum depth of the decision forest; depth of the decision forest; maximum or minimum
sumber of decision trees; mumber of decision trees in the decision forest; information gain
criterion; at least one indication of the stopping criteria fo determine the depth of the

decision forest.

According fo various embodiments, the obtained control policy 430 may further comprise:
ap adjustoent of the set of available control actions associated with the radio cell 2185, 235-
1, 235-2, 235-3; an indicator configuring a combining method for the agent node 210, 500
to aggregate results produced by individual neural networks for determining the control
action; an indicator of the activation function for neurons in at least one neural network; an
indicator of a parameter representing an axis aligned data spht fmction for the contro}
policy 430 when based on a decision forest; an indicator of at least two parameters
representing a linear data split function for the control policy 430 based on the decision
forest; an indicator of a parameter representing a quadratic data split function for the control

policy 430 based on the deeision forest; an indication one or more hyper-paramcters

4%
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characterising the decision forest in the group of maxinmmwm or minimum depth of the

decision forest; depth of the decision forest; maximum or minirown owmber of decision

rees; number of decision trees in the decision forest; information gain criterion; at least one

indication of the stopping criteria to determine the depth of the decision forest.

To appropriately determine the control policy 430 to be utilised by the agent node 210, 500
for configuring the radio resource paramcter of the radio ecll 215, 235-1, 235-2, 235-3 the

method 300 may comprise a number of sieps 881-808.

it is however to be noted that any, some or all of the described steps 801-805, may be
performacd in a sorecwhat different chronological order than the cnumcration indicates, be
performed simultaneocusly or even he performed in a completely reversed order according to
different embodiments. Some actions such as e.g. step 804 may be performed within some,
but not necessarily all embodiments. Further, 1 is to De noted that some actions may be
performed in a plurality of alternative manners according to different embodiments, and that
some such alternative manuners may be performed only within some, but not necessarily all

embodiments.

The trainer node 400 may in some embodiments periodically re-perform any, some or all of
step 801-805, thereby providing a continucusly updated control policy 430 according to

some embodiments. The method 800 may comprise the following steps:

Step 861 comprises recstving a training data message 420, associated with the radio celf

215, 235-1,235-2, 235-

(5]

, from the agent node 210, 500, wherein the training data message
420 comprises one or more i the group of: a feature representing a state of at least a part of

the comraunication systern 200 at a first time period, a control action performed by the

agent node 210, SO0 in the radio cell 215, 235-1, 23

feature representing the state at the second time period, and 2 performance measurement.

The performance measurement may have been made at the first time period in some

embodiments and at the second time period in some embodiments.

In some embodiments, a comjunct performance measurement may be computed, associated

with at Jeast a part of the commumnication systorn 200, based on the performance

49

Charter Communications, Inc.

Exhibit 1006
Page #440



WO 2018/068857 POT/EP2016/074617

10

N3
W

(O8]
<

measurement received in the training data message 420 received from the agent node 219,

500 and another performance racasurement received from another radio network node 2310,
500 in the conmmunication system 200,
Step 882 comprises storing the received 801 training data message 420 in a database 410,

associated with the radio cell 215, 235-1, 235-2, 235-3,

Step 803 comprises determining the control policy 430 for the radio cell 218, 235-1, 235-2,

238-3, based on at least one training data message 420, stored 802 in the database 410.

Step 884, which only may be comprised o some crabodiments, may comprise dotcrouining
an exploration-to-exploitation control pararneter, associated with the determined 803 control

policy 430.

The exploration-to-exploitation control parameter may be determined {0 be reduced over

time, in some embodiments.

Step 885 comprises transmitting the determined 803 control policy 430 to the agent node

210, 800

i{n some embodiments, wherein step §04 has been performed may comprise transmitting the
determined 804 exploration-to-cxploitation control parameter to the agent node 210, 500

together with the determined 803 control policy 430.

{n some alternative embaodiments, the methad 800 further may comprise selecting which at

icast one feature the agent node 210, 509 1s to utiise for representing the state of at least a

»]

part of the coramunication system 200 wherein the radio cell 218, 235-1, 235-2, 2353 is

comprised and sending the made selection to the agent node 214, 500.

The method 800 may further comprise selecting which performance measurement
associated with the radio cell 215, 235-1, 2358-2, 235-3 the agent node 210, 500 is to utilise
for representing the performance of the radio cell 215, 2358-1, 235-2, 235-3 and sending the

made selection to the agent node 210, 500, in some embodiments.

[
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1o gome embodiments, any, some or all method steps 8G1-805 may be iterated nfinitely, for

a Himited period of time, or untdl a threshold limit is achieved.

Figure 8 illustratcs an embodiment of a trainer node 400 for determining a conirol policy
430 o be utilised by an agent node 210, S00 for configuring a radio resource parameter of a
radio cell 215, 2381, 235-2, 235-3 of a communication system 200. The trainer node 40(} is
configured to perform the method 800 according to any, some, all, or at lcast onc of the

enamerated method steps 801-803, according to some embodiments.

The trainer vode 400 is thus configured o roceive a fraining data message 420, associated
with the radio ccll 215, 235-1, 235-2, 235-3, from the agent node 210, 500, wharcin the
training data message 420 coreprises one ot more in the group of a feature representing a
state of at least a part of the communication system 200 at a first time period, a control
action performed by the agent node 210, 500 i the radio cell 215, 235-1, 235-2, 235-3 at
the first time period, a feature representing the siate at the second time period, and a
performance measurement. The trainer node 400 is alse configured to store the received

ng data message 420 in a database 410 associated with the radio cell 2185, 235-1, 235-

35-3. Further, the trainer node 400 is configured to determine the control policy 430 for
the radio cell 2185, 235-1, 238-2, 235-3, based on at least one traiming data message 420,

stored in the database 410. In addition, the trainer node 400 is further configured to transmit

o

he determined control policy 430 to the agent node 210, 500,

o some embodiments, the trainer node 400 may be configured to determine an exploration-
to-gxploitation control parameter, associated with a probability of applying the determined
control policy 430, e.g. based on a time period parameter in some alternative embodiments;
and wherein the determined exploration-to-exploitation control parameter is transmitted to

the agent node 210, S00 together with the determined control policy 430,

In addition, the trainer node 400 may be configured to determine the exploration-to-
exploitation control parameter so that the probability of applying the determined contro}

policy 430 is increased over time.

Also, the trainer node 400 may be further configured to compute a performance

measuromoent associated with at least a part of the communication system 200, basced on the
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performance measurement received in the training datz message 420 received from the
agent node 210, 500 and af Jeast one othet performance measurement received frore another

radio network node 230, 500 in the communication system 200,

Furthermore, the trainer node 400 may be configured to select which at least one feature the
agent node 210, 500 is to utilise for representing the state of at least & part of the

commumnication systom 200 and provide the made sclection to the agent node 2140, 500,

The trainer node 400 may in addition be configured to select which performunce
measurement associated with the radio cell 215, 235-1, 235-2, 235-3, the agent node 210,

500 is to utikise for represcenting the porformance of the radio coll 215, 235-1, 235-2, 235-3

and provide the made selection 1o the agent node 210, 500,

For enhanced clarity, any internal clectronics or other components of the trainer node 400,
not completely indispensable for understanding the herein described ermnbodiments has been

omitted from Figore 8.

The trainer node 400 comprises a receiver 918, configured for receiving e.g. signal strength/
guality measorements in a Training Data Message 420 from one or more agent nodes 210,

500.

Further, the trainer node 400 comprises a processor 920, configured for determining the
contred policy 430 to be utilised by the agent node 210, 500 for downlink power control of

the radio cell 215, 235-1, 235-2, 235-3 of a communication systern 200, by performing at

icast some steps 801-8035 of the described method 800,

Such processor 920 may comprise one of more instances of a processing circuit, 1.e. a

T

Central Processing Unit (CPU), a processing unit, 3 processing circuit, a processor, an
Application Specific Integrated Circuit (ASIC), a microprocessor, or other processing logic
that may interpret and execate instructions. The herein utilised expression “processor” may

thus represent a processing circuitry comprising a plurality of processing circuits, such as,

™

e.g., any, some or all of the ones enumerated above.

3N

Further, the trainer node 400 may 1o some embodiments comprise a transmitior 934,

wn
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configured for transmitting various signals and instructions, e.g. comprising the determined
control policy 430, 1o be received by the agent node 210, 500, or possibly another trainiag

node.

in further addition, the trainer node 400 may comprise at least one memory 923, according
to some embodiments. The optional memory 925 may comprise a physical device utilised to
storc data or programs, 1.¢., scquences of mnstructions, on a tomporary or permancent basis.
According to some ombodiments, the memory 925 may comprise inlegrated circuits
comprising silicon-based transistors. Further, the memory 925 may be volatile or non-

volatile.

At feast a sub-set of the previously described method steps 801-805 1o be performed in the

trainer node 400 may be tmplemented through the one or more processing circuits 920 in

the trainer node 400, together with a computer program product for performing the

functions of at least some of the method steps 8G1-805. Thus a computer program product,

comprising instructions for performing the method steps 301-803 may determine the controf

policy 430 0 be utilised by the agent node 210, 500 for configuring a radio resource
i

parameter of the radio cell 215, 235-

>

2, 235-3 in the communication system 200.

The computer program mentioned above may be provided for instance in the form of 4 data
carrier carrying computer program code for performing at least some of the method steps
&(1-805 according to some embodiments when being loaded into the processor 920. The
data carrier may be, .g., & hard disk, a CD ROM dise, a memory stick, an optical storage
device, a magnetic storage device or any other appropriate medium such as a disk or tape
that may hold machine readable data in a non-transitory manuer. The computer program
product may furthermore be provided as computer program code on a server and
downloaded to the trainer node 400 remotely, e.g., over an Internet or an intrane

connection.

The terminclogy used in the description of the embodiments as tustrated in the
accompanying drawings 15 not imtended to be limiting of the described agent node 210,
method 600 therein, trainer node 400, or method 800 therein. Various changes, substitutions
and/ or alterations may be made, without departing from the invention as defined by the

appended claims.

(=
Lo

Charter Communications, Inc.

Exhibit 1006
Page #444



WO 2018/068857 POT/EP2016/074617

10

As used herein, the term "and/ of” comprises any and all cormbinations of one or more of the
associated listed items. The term “or” as used herein, is to be interpreted as a mathematical
OR, ie., as an inclusive disjunction; not as a mathematical exclusive OR (XOR), unless

]

expressly stated otherwise, In addition, the singular forrns "a", "an” and "the" are {0 be

interpreted as “at least one”, thus also possibly comprising a phurality of entities of the same

sicod that the torms

kind, unless cxprossly stated otherwise. It will be furthor wnder

[

"includes”, "comprises”, "inchuding” and/ or "comprising", specifies the presence of stated
features, actions, integers, steps, operations, elements, and/ or components, but do not
preclude the presence or addition of one or more other features, actions, integers, steps,
operations, clements, components, and/ or groups thereof A single unit such as c.g a
processor may fulfil the functions of several items recited in the clairas. The mere fact that
certain measures are recited i mutually different dependent claims does not indicate that a

combination of these measures cannot be used to advantage, A compuier program may be

stored/ distributed on a suitable medium, such as an optical storage medium or a solid-state
medium supplied together with or as part of other hardware, but may also be distributed in

other forms such as via Internet or other wired or wireless commugnication systent.

Finally, it should be understood that the present invention is not limited to the embodiments
deseribed above, but also relates t0 and incorporates all embodiments within the scope of

the appended independent claims.
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1. An agent node (210, 500) for configuring a radio resource parameter of 3 radio cell

)

215, 235-1, 235-2, 235-3) of a communication system (200); wherein the agent node (210,

500) is configured to:

W

obtain the control policy (430);
determine at least one feature representing a state of at least a part of the

coromunication system (200), at a fiest tme period;

i

determine a control action to be performed for configuring the radio resource

i

parameter in the radio cell (215, 235-1, 235-2,

-3 at the furst time period, out of a set of
10 available control actions associated with the radio cell (2135, 235-1, 235-2, 235-3), based on

the obtained control policy (430) and at least one feature representing the state of the part of

the commumication systern (200), at the first time period; and
configure the radic rescurce parameter of the radio celi (2185, 235-1, 235-2, 235-3)

based on the determined control action.

15
2. The agent node (210, 500) according to claim 1, further configured to:
determine the feature reprosenting the state of the part of the communication

system (200}, at a second time period;
determine a performance measurement, associated with the performance within the
200 radio celt (215, 2381, 235-2, 235-3); and
fransmit a training data message (420) 1o & trainer node (400), coroprising one or
more in the group off
the determined feature representing the state at the first ime period,

the determined control action performed at the first tirne period,

[N
e

the determined feature representing the state at the second time period, and
the determined performance measurement;
and wherein the obtained control policy (430) 1s received from the trainer node (400).
3. The agent node (210, 500) according to any of claim 1 or claim 2, wherein & radio
30 network node (230) controlling the radio cell (235-1, 235-2, 235-3) is not co-located with
the agent node (210); and wherein the agent node (210, S00) is further configured to:
trapsmit an instruction to the radio network node (230) for configuring the radio

resource parameter of the radie cell {235-1, 235-2, 235-3).

=
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4, The agent node (210, 500) according to any of ¢laims 1-3, wherein the feature
representing the state of at least a part of the coousunication system (200), is determined
based on any oft

a measurement related to received signal quality made by and received from a user

a measurement related to received signal quality made by and received from a user

5-2,235-3);

dovice (220) i another radio coll {215, 2358-1, 2
)

1, 23522,

=3

neasurement related to downlink transmission power of the radio cell (2185, 235-

35-3) mude by and obtained from the radic network node (210, 230, 500)

[l

controlling the radio cell (215, 235-1, 235-2, 235-3);
a mcasurcment related to a number of active user dovices {220) in the radio ccl
{215, 235-1,235-2,235-3),

a measurement refated to types or distribution of traffic within the radio cell (215,

a measurement related to location or distribution of user devices (220) in the radio
cell (215, 235-1, 235.2, 235-3); or

a performance measurement, associated with the performance within the radio cell

. 238-2,

S. The agent node (210, 500) according to any of claims 2-4, further configured to:
compute a performance measuroment associated with at least a part of the
comumunication systera {200), based on the determined performance measureniont and at
ieast one other network performance measurement received from another radio network
node (230, 500) in the communication system (200);
and wherein the training data message (420) transmitted to the trainer node (400)
comprises the computed performance measurerment.
5. The agent node (210, 500) according to any of claims 1-8, wherein the obtained
control policy (430) further comprises an exploration-to-exploitation control parameter,

associated with a probability of applying the determined control policy (430); and wherein

[
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the agent node (210, 500} is further configured to:
determaine application of the obtained controd policy (430), based oo the obtained

exploration-to-exploitation control parameter.

7. The agent node (210, 500} according to any of claims 2-6, wherein the radio
setwork node (500) controlling the radio cell (235-1, 235-2, 235-3) for which the radio
rescurce parameter 18 configured 18 another agent node (S00) and the training data message
{420} transmitted to the trainer node {400) comprises a tratning data message (420} received
from the another agent node (300); and wherein the agent node (210, 500) is further
configured to forward the control policy (430) to be utilised for configuring the radio
resouree parameter in the radio ecll (235-1, 235-2, 235-3) of the other agent voede (500) in
the communication systera (200), received from the trainer node (400}, to the other agent

node (300).

8. The agent node (210, 500) according to any of claims 2-7, further configured to
iterate the determination of the feature representing the state of at least a part of the
commuynication system (200); the determination of the comtrol action; the configuration of

\'

o

the radio resource parameter instruction; the termination of the performance
measorement; the transmission of the training data message (420}, or a phurality of training
data messages {420), to the trainer node (400) and the obtaining of the control policy (430).
9. A method (600) w an agent node (210, 500) for configuring # radio resource
parameter of a radio cell (215, 235-1, 235-2, 235-3) of a communication system (200}
which method (600) comprises:

obtaining (601) the control policy (430);

determining (604) at least onc festure represcnting a state of at least a part of the

communication system (200), at a first time period;

determining (603) a control action (o be performed for configuring the radio

resource parameter in the radio cell (215, 235-1, 235-2, 235-3) at a first time period, out of 2
set of avatlable control actions associated with the radio cell (215, 235-1, 235-2, 235-3),
based on the obtained (601} control policy (430); and

configuring (606) the radio resource parameter of the radio celt (215, 235-1, 235-2,

235-3) based on the determined (6035) control action.

wh
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10. A computer program with a program code for performing a method (600)

according to claim 9, when the computer progan runs on a computer.

1i. A trainer node (400), for determining a control policy (430) to be utilised by an
agent node (210, 500} for configuring a radio resource parameter of a radio cell (215, 235-1
235-2, 235-3) of a communication system (200}; which trainer node (400) is configured to:

recoive a training data message (420), associated with the radio ccll {215, 235-1,

235-2, 238-3), from the agent node (210, 500), wherein the training data message (420)

N>

comprises one or more in the group oft
a feature representing a state of at lcast a part of the comunwmnication system
(200) at a first time poriod,
a control action performed by the agent node (210, 500) v the radio cel
(215, 235-1, 235-2, 235-3) at the first time period,
a feature representing the state at the second time period, and
a performance measurament;
store the received training data message (420) in a database (410) associated with
the radio cell (215, 235-1, 235-2, 238.-3);
determine a control policy (430) for the radio cell (215, 235-1, 235-2, 235-3),
based on at east one tratning data message (420}, stored in the database (410); and

transrnit the determined control policy (430) to the ageat node (210, 500).

12. The trainer node (400) according to claim 11, further configured 1o

determine an oxploration-te-explotation control parameter, associated with a
probability of applying the determined control policy (430); and wherein the determined
exploration-to-exploitation control parameter is transmitted to the agent node (218, 50(0)

together with the determined control policy (430).

13. The trainer node (400 according to any of claim 11 or claim 12, further configured
to determine the control policy (436) for the radio cell (215, 235-1, 235.2, 233-3),

represented by one or more of!
an indication of a neural network architecture,
a parameter describing the number of inputs to the first laver of the newral network,

a st of parameters deseribing the number of layers of the neural network,

o
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a set of parameters describing the number of newrons o different layers of the
neural network,

a parameter indicating the type of non-lincar activation function used at cach layer
such as an s-shaped function like the sigmoid or the hyperbolic tangeny, or a rectified lincar

S unit, or an exponential linear unit,

a set of parameters describing the connections between units of consecutive or non-
consccutive layers in the noural network,

a set of indicators to at least one neural network index,

a set of nevral network weights, a number of neural networks to be configured for

10 power control,
a voting policy to be configured for determining the power control action when the

conirol policy {430} comprises multiple neural networks.

14, A method (800) in a trainer node (400}, for determining a control policy (430) to
15 be utilised by an agent node (210, 500) for configuring a radio resource parsmeter of a radio
cell (215, 235-1, 235-2, 235-3) of 2 communication system (200); which method (800)
Comprises:
recetving (R01) a training data message (420), associated with the radio cell (215,
235-1, 235-2, 235-3}, from the agent node (210, S00), wherein the training data message
20 (420) comprises one or more in the group oft
a feature representing a state of at least a part of the communication system
(200) at a first time period,
a control action performed by the agent node (210, 500) ® the radio cell

(215, 235-1, 235-2, 235-3) at the first time period,

25 a featute representing the state at the second time period, and
a performance measurement:
storing (802) the received (801) training dats message (420) in a database (410),
associated with the radio cell (215, 235-1, 235-2, 235-3):
determining (803) the control peolicy (430) for the radio cell (215, 235-1, 235.2,
33 233-3), based on at lcast one training dala message (420}, stored (802) 1n the database (410);
and
transmitting (803) the determined (303} control policy (430) to the agent node
(210, 500}

>

L5
B
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15 A computer program with a program code for performing a method (800)

according to claim 14, whea the coraputer program runs on a corputer.
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