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United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0O. Box 1450

Alexandria, Virginia 22313-1450
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| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
14/414,698 10/31/2017 9806892 009065-8132.US01 2029
97075 7590 10/11/2017
Perkins Coie LLP - SDO General
PO Box 1247

Seattle, WA 98111-1247

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

The Patent Term Adjustment is 25 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

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

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

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

Denis Andreyevich Khotimsky, Westborough, MA;
ZTE Corporation, Shenzhen, CHINA

LiQuan Yuan, Shanghai, CHINA;

ZTE (USA) Inc., Austin, TX

DeZhi Zhang, Shanghai, CHINA;

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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Docket No.: 009065-8132.US01
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Denis Andreyevich Khotimsky et al.

Application No.: 14/414,698 Confirmation No.: 2029
Filed: January 13, 2015 Examiner: Jacob, Oommen
For: OPTICAL NETWORK UNIT POWER Art Unit: 2637
MANAGEMENT IN PASSIVE OPTICAL

NETWORKS

Mail Stop Issue Fee
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

RESPONSE TO NOTICE OF ALLOWANCE

In response to the Notice of Allowance mailed June 27, 2017, enclosed is a completed

Issue Fee Transmittal Form PTOL-85b.

Comments on Examiner’s Reasons for Allowance

It is recognized that in accordance with M.P.E.P. § 1302.14, the Examiner’s reasons for
allowance need not set forth all of the details as to why the claims are allowed. In the above-
referenced application, it is not conceded that the Examiner’s implied reasons for allowance are
the only reasons for which the claims are allowable. Moreover, the Examiner does not assert,
and it would not be conceded, that the Examiner’s reasons have any bearing on the patentability
of claims in any other applications directed to the disclosed subject matter.

In addition, each dependent claim stands on its own and may be allowable on its own
merits. In particular, each dependent claim may be allowable on the basis of a combination of
some of the features recited in the dependent claim and its base claim(s), which combination of

features may not include all of the limitations identified in the Examiner’s reasons for allowance.

137059902.1
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Inventor : Denis Andreyevich Khotimsky et al. Docket No.: 009065-8132.US01
Appl. No. : 14/414,698

Filed : January 13, 2015

Page :20f2

The required fee is being paid by credit card. Please apply any additional charges or
credits to Deposit Account No. 50-0665.

Respectfully submitted,

Date: September 25, 2017 /Vinay Sathe/
Vinay Sathe
Reg. No. 55,595

Perkins Coie LLP

P.O. Box 1247

Seattle, Washington 98111-1247
Telephone: (858) 720-5700
Facsimile: (206) 359-7198

137059902.1
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450

or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address
as 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.

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

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

97075 7390 06/27/2017 Certificate of Mailing or Transmission
Perkins Coie LLP - SDO General T hereby certify that this Fee(s) Transmittal is being deposited with the United
P.O. Box 1247 States Postal Service with sufficient postage for first class mail in an envelope
S. ; " hi 08111-1247 addressed to the Mail Stop ISSUE FEE address above, or being facsimile
cattle, Washington - transmitted to the USPTO (571) 273-2885, on the date indicated below.
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
14/414,698 01/13/2015 Denis Andreyevich Khotimsky 009065-8132.US01 2029
TITLE OF INVENTION: OPTICAL NETWORK UNIT POWER MANAGEMENT IN PASSIVE OPTICAL NETWORKS
[ APPLN. TYPE |ENTITY STATUS | ISSUEFEEDUE | PUBLICATION FEEDUE | PREV.PAIDISSUEFEE | TOTALFEES)DUE [  DATEDUE
nonprovisional ~ UNDISCOUNTED $960.00 $0.00 $0.00 $960.00 09/27/2017
| EXAMINER | ARTUNIT | CLASS-SUBCLASS |
JACOB, OOMMEN 2637 398-058000
1. Change of correspondence address or indication of "Fee 2. For printing on the patent front page, list
Address" (37 CFR 1.363). (1) The names of up to 3 registered patent attorneys 1 __Perkins Coie LLP
Change of correspondence address (or Change of | oragents OR, alternatively,
Correspondence Address form PTO/SB/122) attached. (2) The name of a single firm (having as a membera 2

|:| "Fee Address" indication (or "Fee Address" Indication form | registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a | 2 registered patent attorneys or agents. If no name is 3
Customer Number is required. listed, no name will be printed.
3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print ot type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed
for recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
ZTE Corporation Shenzhen, P.R. China
ZTE (USA) Inc. Richardson, Texas
Please check the appropriate assignee category or categories (will notbe printed on the patent) : Individual Corporation or other private group entity D Government
4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
Issue Fee [l A check is enclosed.
D Publication Fee (No small entity discount permitted) Payment by credit card. Form PTO-2038 is attached.
D Advance Order - # of Copies The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any

overpayment, to Deposit Account Number  50-0665  (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
D 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 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
entity status, as applicable.

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

D Applicant changing to regular undiscounted fee status.

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 /Vinay Sathe/ Date September 25, 2017
Typed or printed name Vinay Sathe Registration No. 55,595
PTOL-85 Part B (10-13) Approved for use through 10/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

137059899.1
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Electronic Patent Application Fee Transmittal

Application Number:

14414698

Filing Date:

13-Jan-2015

Title of Invention:

OPTICAL NETWORK UNIT POWER MANAGEMENT IN PASSIVE OPTICAL

NETWORKS

First Named Inventor/Applicant Name:

Denis Andreyevich Khotimsky

Filer:

Vinay Padmakar Sathe/Jennifer Payne

Attorney Docket Number:

009065-8132.US01

Filed as Large Entity

Filing Fees for U.S. National Stage under 35 USC 371

Description Fee Code Quantity Amount SUB-;;:;)I in

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

UTILITY APPL ISSUE FEE 1501 1 960 960
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Description

Fee Code

Quantity

Amount

Sub-Total in
UsD($)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

960
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Electronic Acknowledgement Receipt

EFS ID: 30467122
Application Number: 14414698
International Application Number:
Confirmation Number: 2029

Title of Invention:

OPTICAL NETWORK UNIT POWER MANAGEMENT IN PASSIVE OPTICAL
NETWORKS

First Named Inventor/Applicant Name:

Denis Andreyevich Khotimsky

Customer Number:

97075

Filer:

Vinay Padmakar Sathe/Jennifer Payne

Filer Authorized By:

Vinay Padmakar Sathe

Attorney Docket Number:

009065-8132.US01

Receipt Date: 25-SEP-2017
Filing Date: 13-JAN-2015
Time Stamp: 17:45:37

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $960

RAM confirmation Number

092617INTEFSW17462300

Deposit Account

500665

Authorized User

Jennifer Payne

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

37 CFR 1.21 (Miscellaneous fees and charges)
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File Listing:

Document Document Description File Name File Slze(By.tes)/ Multl- .Pages
Number Message Digest | Part/.zip| (ifappl.)
213730
1 Issue Fee Payment (PTO-85B) 2017-09-25_lssueFee.pdf no 3
962a276da16301cac82e06806ca602d32b1
edaec
Warnings:
Information:
30910
2 Fee Worksheet (SB06) fee-info.pdf no 2
0af1d3a6b7e68c173cdf0d71e28557ff1bfal
Oe3
Warnings:
Information:
Total Files Size (in bytes){ 244640

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
97075 7590 06/27/2017
Perkins Coie LLP - SDO General JACOB, OOMMEN
PO Box 1247
Seattle, WA 98111-1247 | ART UNIT PAPER NUMBER |
2637
DATE MAILED: 06/27/2017
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO.
14/414,698 01/13/2015 Denis Andreyevich Khotimsky 009065-8132.US01 2029

TITLE OF INVENTION: OPTICAL NETWORK UNIT POWER MANAGEMENT IN PASSIVE OPTICAL NETWORKS

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

nonprovisional UNDISCOUNTED $960 $0 $0 $960 09/27/2017

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 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
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 and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

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

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

Page 1 of 3
PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
apé)ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees 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.

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

Note: A certificate of mailing can only be used for domestic mailings of the

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

Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

97?75 R 7550 0612712017 I hereby certify that this Fee(s) Transmittal is being deposited with the United
Perkins Coie LLP - SDO General States Postal Service with sufficient postage for first class mail in an envelogie
PO Box 1247 addressed to the Mail Stop ISSUE FEE address above, or being facsimile

oX transmitted to the USPTO (571) 273-2885, on the date indicated below.
Seattle, WA 98111-1247
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
14/414,698 01/13/2015 Denis Andreyevich Khotimsky 009065-8132.US01 2029
TITLE OF INVENTION: OPTICAL NETWORK UNIT POWER MANAGEMENT IN PASSIVE OPTICAL NETWORKS
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 09/27/2017
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
JACOB, OOMMEN 2637 398-058000

1. Change of correspondence address or indication of "Fee Address" (37
CFR 1.363).

| Change of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

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

2. For printing on the patent front page, list
1

(1) The names of up to 3 registered patent attorneys
or agents OR, alternatively,

(2) The name of a single firm (having as a member a 2
registered attorney or agent) and the names of up to

2 registered patent attorneys or agents. If no name is 3
listed, no name will be printed.

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE

Please check the appropriate assignee category or categories (will not be printed on the patent) :

(B) RESIDENCE: (CITY and STATE OR COUNTRY)

[ Individuat [ Corporation or other private group entity [ Government

4a. The following fee(s) are submitted:
Issue Fee
[J Publication Fee (No small entity discount permitted)
[ Advance Order - # of Copies

4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

[ A check is enclosed.
(| Payment by credit card. Form PTO-2038 is attached.

(1 The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
| Applicant certifying micro entity status. See 37 CFR 1.29

| Applicant asserting small entity status. See 37 CFR 1.27

| Applicant changing to regular undiscounted fee status.

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
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
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.

PTOL-85 Part B (10-13) Approved for use through 10/31/2013.

Page 2 of 3
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
14/414,698 01/13/2015 Denis Andreyevich Khotimsky 009065-8132.US01 2029
| EXAMINER |
97075 7590 06/27/2017
Perkins Coie LLP - SDO General JACOB, OOMMEN
PO Box 1247
Seattle, WA 98111-1247 | ART UNIT PAPER NUMBER |

2637

DATE MAILED: 06/27/2017

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.

Page 3 of 3
PTOL-85 (Rev. 02/11)
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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 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, 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. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Docket No.: 009065-8132.US01
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Denis Andreyevich Khotimsky et al.

Application No.: 14/414,698 Confirmation No.: 2029
Filed: January 13, 2015 Examiner: Jacob, Oommen
For: OPTICAL NETWORK UNIT POWER Art Unit: 2637
MANAGEMENT IN PASSIVE OPTICAL

NETWORKS

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

Alexandria, VA 22313-1450

AMENDMENT IN RESPONSE TO NON-FINAL OFFICE ACTION

In response to the Office Action dated January 9, 2017, please amend the above-

identified U.S. patent application as follows:

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

of this paper.

Remarks/Arguments begin on page 7 of this paper.

134368097.1

Exhibit 1002
IPR2024-00899, USPN 9,806,892
22 of 362



Electronic Acknowledgement Receipt

EFS ID: 28871364
Application Number: 14414698
International Application Number:
Confirmation Number: 2029

Title of Invention:

NETWORKS

OPTICAL NETWORK UNIT POWER MANAGEMENT IN PASSIVE OPTICAL

First Named Inventor/Applicant Name:

Denis Andreyevich Khotimsky

Customer Number:

97075

Filer:

Vinay Padmakar Sathe/Jennifer Payne

Filer Authorized By:

Vinay Padmakar Sathe

Attorney Docket Number:

009065-8132.US01

Receipt Date: 07-APR-2017
Filing Date: 13-JAN-2015
Time Stamp: 19:52:07

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment no
File Listing:
Document sl . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

2017-04-07_ReplyOA.pdf

194968

yes 11

3bd2be0443ed4acab51970d7684d7db2c2)]
7efa7c

Exhibit 1002
IPR2024-00899, USPN 9,806,892
23 of 362




Multipart Description/PDF files in .zip description
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Warnings:
Information:
Total Files Size (in bytes)1 194968

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
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Inventor : Denis Andreyevich Khotimsky et al. Docket No.: 009065-8132.US01
Appl. No. : 14/414,698

Filed : January 13, 2015

Page : 7of 11

REMARKS

Claims 1, 6, 7, 12, and 16 have been amended. None of the previously presented claims
have been cancelled. Claims 1, 2, 4-8, 10-17 remain pending.

Reconsideration and allowance of the application are respectfully requested.

Examiner Interview

The Applicant thanks Examiner Jacob for taking the time on March 28, 2017, to discuss
over the phone the certain features of the present application as distinguished from the cited art.
The Examiner agreed that Pfeiffer fails to teach or suggest the amended features of independent
claims 1, 7, 12, and 16. The Applicant has amended claims consistent with the Applicant’s

discussion with the Examiner to advance prosecution of this case.

Claim Amendments

While respectfully disagreeing with the present rejections under 35 U.S.C. § 103,
Independent Claims 1, 7, 12, and 16 have been amended to obviate the rejections for prosecution
efficiency to put the application in condition for allowance. Specifically, Independent Claim 1
has been amended to recite in part “transitioning the ONU directly from the first state to the
second state and transitioning the ONU directly from the second state to the first state, based on a
power management rule.” The support for these amendments is found in figures 5, 6, 7A and
associated text of the instant application.

Claim 6 has been amended to correctly further define Independent Claim 1.

A. Rejection of Claims 1-2, 4-8, 10-13, 16-17 under 35 U.S.C. § 103

Claims 1-2, 4-8, 10-13, 16-17 are rejected under pre-AIA 35 U.S.C. 103(a) as allegedly
being unpatentable over Skubic (US Publication No. 2012/0166819) in view of Pfeiffer (US
Publication No. 2009/0201840) and further in view of ITU (ITU-T G.987.3 10/2010).

The Applicant respectfully disagrees with the Office’s rejection for at least the reasons

mentioned below.

134368097.1
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Inventor : Denis Andreyevich Khotimsky et al. Docket No.: 009065-8132.US01
Appl. No. : 14/414,698

Filed : January 13, 2015
Page : 8of 11
i Skubic in view of Pfeiffer and I'TU does not teach or suggest at least the

features associated with transitioning the ONU as recited in amended Independent Claims
1,7, 12, and 16.
First, Pfeiffer fails to teach the following amended claim features of Independent Claim

1: “transitioning the ONU directly from the first state to the second state and transitioning the

ONU directly from the second state to the first state.” The Office rejected the previously

presented Independent Claim 1 and alleged that “Pfeiffer Fig. 9, directly transitioning from 345
to 320 are based on the states.” See Non-Final Office Action, p. 4 (Jan. 9, 2017). But, Pfeiffer
nowhere teaches that the end node enters a listen state 345 directly from the sleep state 320. As
shown in Figure 9 (reproduced below), Pfeiffer explicitly teaches that “[a]fter the sleep interval
expires, the end node 30 re-enters the linked state 315.” See Pfeiffer at [0044]. Further, the
arrow between the listen state 345 and sleep state 320 is one-directional, meaning that Pfeiffer
teaches that the end node can enter sleep state directly from the listen state, but it cannot enter

the listen state directly from the sleep state.
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Figure 9 (annotated) from Pfeiffer
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Inventor : Denis Andreyevich Khotimsky et al. Docket No.: 009065-8132.US01
Appl. No. : 14/414,698

Filed : January 13, 2015

Page : 90f 11

Second, both Skubic and ITU fails to teach the amended features of Independent Claim 1.
In fact, the instant application explicitly distinguishes the amended claimed features from
Skubic’s state diagram as shown in Figure 2, and from the technology described in the ITU
document. For instance, Figure 7A of the instant application is the same as Figure 2 of Skubic.
The instant application describes Figure 7A as a “prior art state machine for ONU power
management” with “no direct transition between the Doze Aware and the Sleep Aware states
704, 706.” See Present Application at [0019], [0036]; compare Present Application at Figure
7A, with Skubic at Figure 2. Furthermore, the instant application explicitly distinguishes the
“conventional ONUs” as described in Skubic and ITU by stating that they “lack the technology
of directly transitioning between two low power consumption states without having to go
through an active state (e.g., a full powered state).” See Present Application at [0036]. Indeed,
the instant application recognizes that conventional ONU’s “transition through the active state
may increase the power consumed by the ONU, thereby undesirably reducing batter [sic] life”
because they do not “directly transition[] between two low power consumption states.” See id.
Thus, both Skubic and ITU fails to teach or suggest the amended claim features of Independent
Claim 1.

For at least the above provided reasons, the Applicant respectfully requests the Office to
withdraw its rejections and to allow Independent Claim 1.

Independent Claims 7, 12, and 16 have been amended in a similar manner as Independent
Claim 1, and are thus allowable for at least the same reasons as those provided above, and also

on their own merits.

B. Rejection of Claims 14-15 under 35 U.S.C. § 103

Claims 14-15 are rejected under pre-AlIA 35 U.S.C. 103(a) as allegedly being
unpatentable over Skubic (US Publication No. 2012/0166819) in view of Ma (US Patent No.
7,756,972).

The Applicant respectfully disagrees with the Office’s rejection for at least the reasons

mentioned below.
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Inventor : Denis Andreyevich Khotimsky et al. Docket No.: 009065-8132.US01
Appl. No. : 14/414,698

Filed : January 13, 2015
Page : 100f 11
i Skubic in view of Ma does not teach or suggest that the periodic consent

message allows the optical network unit to remain in either the first low power state or the
second low power state of Independent Claim 14.

First, Skubic in view of Ma does not teach or suggest the features of the “periodic
consent message” of Independent Claim 14. The Office acknowledges that Skubic does not
expressly teach the above noted features. Like Skubic, Ma also fails to teach these features. For
instance, while Ma teaches that “periodic keep alives” are initiated “to keep the inactive server
powered up,” (Ma at col. 8:63-9:2), Ma does not state whether an “inactive” state is a “low
power state.” In fact, Ma explicitly states that a server in an inactive state is still “powered up,”
just as the server is powered up in the active state. See Ma at col. 2:9-11, 8:63-9:2. Regarding
the “inactive state,” Ma simply teaches that a server in an inactive state is not “assigned requests
for additional resource use.” See Ma at col. 10:64-11:3. Thus, Ma’s disclosure of “periodic keep
alives” for a server in an “inactive” state does not disclose the claimed “periodic consent
message” to allow the optical network unit to remain in either a first or a second “low power
state.”

Second, while Ma discloses another state known as the “low power standby state,” Ma
does not disclose whether Ma’s “periodic keep alives” are sent to allow the server to remain in a
low power state as claimed in Independent Claim 14. In fact, Ma teaches the opposite of this
claimed feature. For instance, Ma explicitly teaches “when the standby threshold is met, the
keep-alives are not sent.” See Ma at c0l.9:38-40.

Thus, for at least the above provided reasons, the Applicant respectfully requests the

Office to withdraw its rejections and to allow Independent Claim 14.

il Skubic in view of Ma does not teach or suggest the periodic consent message
of Dependent Claim 185.

Dependent Claim 15 depends from Independent Claim 14 and is patentable over the
above cited art at least for reasons similar to those provided for Independent Claim 14, and also

on its own merits.
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Conclusion

It is believed that all of the pending claims have been addressed. However, the absence
of a reply to a specific rejection, issue or comment does not signify agreement with or
concession of that rejection, issue or comment. In addition, because the arguments made above
may not be exhaustive, there may be reasons for patentability of any or all pending claims (or
other claims) that have not been expressed. Finally, nothing in this paper should be construed as
an intent to concede any issue with regard to any claim, except as specifically stated in this
paper, and the amendment of any claim does not necessarily signify concession of

unpatentability of the claim prior to its amendment.

No fee is believed to be due, however please apply any additional charges or credits to

Deposit Account No. 50-0665.

Respectfully submitted,

Date: April 7. 2017 /Vinay Sathe/
Vinay Sathe
Reg. No. 55,595

Perkins Coie LLP

P.O. Box 1247

Seattle, Washington 98111-1247
Telephone: (858) 720-5700
Facsimile: (206) 359-7198
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AMENDMENTS TO THE CLAIMS

This listing of claims replaces all prior versions and listings of claims in the application:

Listing of Claims:

1. (Currently Amended) A method of optical communication in a passive optical network,
comprising:

operating an optical network unit (ONU) in a first state in which a transmitter of the ONU
is turned off and a receiver of the ONU is turned on;

operating the ONU in a second state in which both the transmitter and the receiver are
turned off;

transitioning the ONU directly between from the first state and to the second state and
transitioning the ONU directly from the second state to the first state, based on a power
management rule;

ensuring the ONU is fully powered up, synchronized, and capable of responding to both
upstream and downstream traffic and control before exiting the first state or the second state; and

receiving, by the receiver, a power management message from an optical line terminal
(OLT); and

changing the power management rule based on the received power management message.

2. (Original) The method of claim 1, further comprising:
operating the ONU in a third state in which both the transmitter and the receiver are

turned on.

3. (Cancelled).

4. (Original) The method of claim 1, wherein the power management rule specifies a first
time period for operation in the first state and a second time period for operation in the second
state and wherein the transitioning is performed upon expiration of at least one of the first time

period and the second time period.
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5. (Original) The method of claim 1, further comprising:

transmitting, to an optical line terminal, a message indicative of the transitioning between

the first state and the second state.

6. (Currently Amended) The method of claim 1, further comprising:

performing the transitioning responsive to the received power management message and

a local decision to change an operational state.

7. (Currently Amended) An optical communication apparatus in a passive optical network,
comprising:

means for operating an optical network unit (ONU) in a first state in which a transmitter
of the ONU is turned off and a receiver of the ONU is turned on;

means for operating the ONU in a second state in which both the transmitter and the
receiver are turned off;

means for transitioning the ONU directly betwees from the first state ard to the second
state and means for transitioning the ONU directly from the second state to the first state, based
on a power management rule;

means for ensuring the ONU is fully powered up, synchronized, and capable of
responding to both upstream and downstream traffic and control before exiting the first state or
the second state; and

means for receiving, by the receiver, a power management message from an optical line
terminal; and

means for changing the power management rule based on the received power

management message.

8. (Original) The apparatus of claim 7, further comprising:
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means for operating the ONU in a third state in which both the transmitter and the

receiver are turned on.

9. (Cancelled).

10.  (Original) The apparatus of claim 7, wherein the power management rule includes a first
time period for operation in the first state and a second time period for operation in the second
state and wherein the means for transitioning performs a state transition upon expiration of at

least one of the first time period and the second time period.

11.  (Original) The apparatus of claim 7, further comprising:
means for receiving a power management message from an optical line terminal; and
means for performing the transitioning responsive to the received power management

message and a local decision to change an operational state.

12. (Currently Amended) An optical communication apparatus, comprising:

a memory that stores processor-executable instructions; and

a processor that uses the stored instructions to implement a method, comprising operating
an optical network unit (ONU) in a first state in which a transmitter of the ONU is turned off and
a receiver of the ONU is turned on; and operating the ONU in a second state in which both the
transmitter and the receiver are turned off; and

wherein the processor includes means for transitioning the ONU directly between from

the first state and to the second state and means for transitioning the ONU directly from the

second state to the first state, based on a power management rule;

wherein the processor uses stored instructions to ensure the ONU is fully powered up,
synchronized, and capable of responding to both upstream and downstream traffic and control
before exiting the first state or the second state; and

wherein the processor further uses the stored instructions to implement the method by
receiving, by the receiver, a power management message from an optical line terminal (OLT)

and changing the power management rule based on the received power management message.
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13.  (Previously Presented) The apparatus as in claim 12, wherein the power management rule

specifies a first time period for operation in the first state and a second time period for operation
in the second state and wherein the transitioning is performed upon expiration of at least one of

the first time period and the second time period.

14. (Previously Presented) An optical line terminal (OLT) for operation in a passive optical
network (PON), the optical line terminal comprising:

a processor configured to generate messages for controlling a transition of an optical
network unit from a first low power state in which a receiver of the optical network unit is turned
on but a transmitter of the optical network unit is turned off to a second low power state in which
both the receiver and the transmitter of the optical network unit are turned off;

a transmitter configured to transmit the generated messages to the optical network unit;

wherein the generated messages comprises a periodic consent message to allow the

optical network unit to remain in either the first low power state or the second low power state.

15.  (Original) The optical line terminal as in claim 14, wherein the processor includes means
for specifying a first time period for operation in the first low power state and a second time
period for operation in the second low power state and wherein the transition of the optical
network unit from the first low power state to the second low power state is controlled to occur

upon expiration of at least one of the first time period and the second time period.

16. (Currently Amended) A passive optical network (PON) communications system,
comprising:

an optical network unit (ONU) operable in a first low power mode in which the ONU is
able to receive but not transmit and a second low power mode in which the ONU is not able to
either receive or transmit, wherein the ONU is configured to transition between from the first
low power mode and to the second low power mode and to transition from the second low power
mode to the first low power mode based on a power management rule, and wherein the ONU

changes a power management rule based on a received power management message;
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an optical line terminal (OLT) communicably coupled to the ONU, the OLT configured
to transmit a control message to the ONU to control at least one aspect of transition of the ONU
between the first low power mode and the second low power mode; and

the ONU configured to ensure that the ONU is fully powered up, synchronized, and
capable of responding to both upstream and downstream traffic and control before exiting the

first low power mode or the second low power mode.

17. (Previously Presented) The system as in claim 16, wherein:

the OLT is configured to transmit the control message that includes the power
management rule that specifies a first time period for operation in the first low power state and a
second time period for operation in the second low power state and to control the ONU to
transition from the first low power state to the second low power state upon expiration of at least

one of the first time period and the second time period.
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DETAILED ACTION

Notice of Pre-AIA or AIA Status

1. The present application is being examined under the pre-AIA first to invent provisions.

Response to Arguments
2. Applicant’s arguments filed 11/10/2016 with respect to claims 14-15 have been
considered and are persuasive. However, the claims have been rejected in view of new grounds
of rejection.
3. Applicant's arguments filed 11/10/2016 with respect to claims 1-13, 16-17 have been
fully considered but they are not persuasive.
Applicant mainly argues on Page 9 lines 3-12:

“Skubic’s signaling fails to teach or suggest the changing of the power management rule based on

the received power management message.... Skubic's disclosure related to updating the ONU's

state machine also fails to teach or suggest the changing of the power management rule based on

the received power management message’’
Examiner respectfully disagrees. As explained in 35 USC 103 rejection below, Skubic
40028, 40032, 0038, 0033 discloses OLT monitors traffic, and effects changes in state
machines. The state machine decides the power management conditions of the ONU. Further
40046 teaches an instruction is sent to the second node to operate with the selected value of the
operational parameter. The control of power management can comprise selecting an operating
state of the first/second node based on the service information. Instruction is sent to the second

node to operate in the selected operational state. That is, the OLT signals to ONU to change
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state transitions according to the power control settings. This means that power management

rule for the ONU is changed.

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 of this title, 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
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.

4. Claims 1-2, 4-8, 10-13, 16-17 rejected under pre-AlIA 35 U.S.C. 103(a) as being
unpatentable over Skubic [US PUB NO: 2012/0166819] in view of Pfeiffer [US PUB NO:
2009/0201840] and further in view of ITU-T G.987.3 10/2010.

Asperclaims 1.7, 16

Skubic teaches a method of optical communication in a passive optical network,
comprising:

operating an optical network unit (ONU) in a first state in which a transmitter of the ONU
is turned off and a receiver of the ONU is turned on (Skubic Table 1 “Listen”’ ONU receiver is
on; the transmitter is off)

operating the ONU in a second state in which both the transmitter and the receiver are
turned off (Skubic 40004 “Asleep”’) and

receiving, by the receiver, a power management message from an optical line terminal
(OLT); (Skubic Fig 1, 90031 “Each state machine has a set of states, and transitions between

states in response to one or more of: signaling 33 sent between the OLT 20 and ONU 10;
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signaling 34 sent between the ONU 10 and OLT 20”) and changing the power management rule
based on the received power management message (Skubic §0028, J0033, J0038 discloses
updating or optimizing power management functions based on monitored service information.
Further in 90032 “Logic 53 triggers state transitions of the state machine 52 and alters power
control settings 517. 0046 " At step 107, an instruction is sent to the second node ... with the
selected value of the operational parameter. The control of power management can comprise
selecting an operating state of the first/second node based on the service information ...an
instruction is sent to the second node or a transceiver at the first node is controlled to operate in
the selected operational state.” These sections in Skubic means that power management rules of
second node, i.e. ONU is changed based on received messages)

Skubic does not expressly teach transitioning the ONU directly between the first state and
the second state, based on a power management rule.

Pfeiffer teaches method for transitioning directly between the first state and the second
state, based on a power management rule (Pfeiffer Fig 9, directly transitioning from 345 to 320
are based on the states).

At the time if invention it would have been obvious to a person of ordinary skill in the art
to modify power management scheme as in Skubic by integrating transitioning from listen to
sleep directly. Motivation would be to go to sleep mode if messages are not being received
(Pfeiffer J0045).

Skubic in view of Pfeiffer does not expressly teach and ensuring the ONU is fully
powered up, synchronized, and capable of responding to both upstream and downstream traffic

and control before exiting the first state or the second state.
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ITU-T G.987.3 teaches ensuring the ONU is fully powered up, synchronized, and capable
of responding to both upstream and downstream traffic and control before exiting the first state
or the second state (ITU-T G.987. Table 16-2, Asleep and Listen state semantics).

At the time if invention it would have been obvious to a person of ordinary skill in the art
to modify power management scheme as in Skubic by integrating teachings from a standard.

The motivation would be to comply with industry standards during manufacture and working of
the ONUs.

As per claims 2, 8

Skubic in view of Pfeiffer and ITU-T G.987.3 teaches claims 1, 7 as discussed above.

Skubic in view of Pfeiffer and ITU-T G.987.3 further teaches operating the ONU in a
third state in which both the transmitter and the receiver are turned on (Skubic Table 1,
“activeheld” or “activefree” states).

As per claims 4, 10, 17

Skubic in view of Pfeiffer and ITU-T G.987.3 teaches claims 1, 7 as discussed above.

Skubic in view of Pfeiffer and ITU-T G.987.3 further teaches wherein the power
management rule specifies a first time period for operation in the first state and a second time
period for operation in the second state (Skubic Fig 4, 40037 “Each counter records time spent
in one of the power management modes... Power monitoring unit 35 can apply corrections to the
recorded values held by the counters to account for factors such as propagation delay, grace
periods etc” This means that item 35 monitors and specifies time periods) and wherein the
transitioning is performed upon expiration of at least one of the first time period and the second

time period (Skubic Fig 4, Y0037 “Skubic 40032 “The state machine 31 has a set of states, and
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transitions between states, in response to events or signaling sent to the ONU 10 or received
Jrom the ONU 10, or to other events such as timer expiration or traffic activity”).

As per claim 5

Skubic in view of Pfeiffer and ITU-T G.987.3 teaches claim 1 as discussed above.

Skubic in view of Pfeiffer and ITU-T G.987.3 further teaches transmitting, to an optical
line terminal, a message indicative of the transitioning between the first state and the second state
(Skubic Fig 1 item 33, 40031 “The state machine 52 corresponding to each ONU 10 is updated
in response to signaling messages 33, 34 between the ONU 10 and OLT 207).

As per claims 6, 11

Skubic in view of Pfeiffer and ITU-T G.987.3 teaches claims 1, 7 as discussed above.

Skubic in view of Pfeiffer and ITU-T G.987.3 further teaches receiving, by the receiver, a
power management message from an optical line terminal; and performing the transitioning
responsive to the received power management message (Skubic Fig 1, 40031 “Each state
machine has a set of states, and transitions between states in response to one or more of:
signaling 33 sent between the OLT 20 and ONU 10; signaling 34 sent between the ONU 10 and
OLT 20”) and a local decision to change an operational state (Skubic §0032).

As per claims 12-13

Claims 12-13 have limitations similar to claims 1-2 and are rejected for same reasons as
above over Skubic in view of Pfeiffer and ITU-T G.987.3.

Skubic in view of Pfeiffer and ITU-T G.987.3 further teaches an optical communication
apparatus, comprising: a memory that stores processor-executable instructions; and a processor

that uses the stored instructions to implement the method of claims 1, 4 (Skubic J0012).
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5. Claims 14-15 rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable over
Skubic [US PUB NO: 2012/0166819] in view of Ma [US PAT NO: 7756972].

As per claim 14

Skubic teaches an optical line terminal (OLT) for operation in a passive optical network
(PON) (Skubic Fig I item 20), the optical line terminal comprising:

a processor (Skubic Fig I items 52/53) configured to generate messages (Skubic Fig 1
item 33) for controlling a transition of an optical network unit from a first low power state in
which a receiver of the optical network unit is turned on but a transmitter of the optical network
unit is turned off (Skubic Fig 2 shows transitions. Skubic Table I “Listen” ONU receiver is on;
the transmitter is off ) to a second low power state in which both the receiver and the transmitter
of the optical network unit are turned off (Skubic Table 1 “Asleep” The ONU shuts down both its
receiver and transmitter);

a transmitter configured to transmit the generated messages to the optical network unit
(Skubic Fig 1 item TRx);

wherein the generated messages comprises a consent message (Skubic 40031 “The OLT
20 needs to periodically check whether inactivity of an ONU 10 is due to: (i) the ONU 10 being
alive (and in a low-power mode) or (ii) the ONU 10 having failed. One way of performing this
check is to exchange handshake signaling messages. Another way is by a "keep-alive" traffic
exchange”. The handshake signaling messages / keep alive traffic messages correspond to the
claimed consent messages).

Skubic does not expressly teach the message are periodic and allow the optical network

unit to remain in either the first low power state or the second low power state.
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Ma teaches teach the message are periodic (Claim 15 line 18) and allow the optical
network unit to remain in either the first low power state or the second low power state (Claim
15 lines 22-23 “wherein the periodic keep-alives do not place the inactive server into an active
state” This means that device remains in the inactive state).

At the time of invention it would have been obvious to a person of ordinary skill in the art
to modify apparatus in Skubic by integrating use of keep alive signaling as in Ma. The
motivation would be to prepare the device (in this case the ONT in Skubic) for assigning
connections before it is activated (Ma claim 15 lines 15-27).

As per claim 15

Skubic in view of Ma teaches claim 14 as discussed above.

Skubic in view of Ma further teaches wherein the processor includes means for
specifying a first time period for operation in the first low power state and a second time period
for operation in the second low power state (Skubic Fig 4, Y0037 “Each counter records time
spent in one of the power management modes... Power monitoring unit 35 can apply corrections
to the recorded values held by the counters to account for factors such as propagation delay,
grace periods etc”’) and wherein the transition of the optical network unit from the first low
power state to the second low power state is controlled to occur upon expiration of at least one of
the first time period and the second time period (Skubic Y0032 “The state machine 31 has a set
of states, and transitions between states, in response to events or signaling sent to the ONU 10 or

received from the ONU 10, or to other events such as timer expiration or traffic activity”).
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Conclusion
6. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to OOMMEN JACOB whose telephone number is (571)270-5166.
The examiner can normally be reached on Monday - Friday, 8:00 a.m. - 5:00 p.m., EST.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, DAVID PAYNE can be reached on (571) 272-3024. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

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

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

/OOMMEN JACOB/
Primary Examiner, Art Unit 2637
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Application/Control No.
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U.S. PATENT DOCUMENTS
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Application/Control No.

Applicant(s)/Patent
Reexamination

Under

Index of Claims 14414698 KHOTIMSKY ET AL.
Examiner Art Unit
OOMMEN JACOB 2637
v Rejected - Cancelled N | Non-Elected A Appeal
= Allowed + Restricted | Interference 0] Objected
[O cClaims renumbered in the same order as presented by applicant O cpPa O T.. O R.1.47
CLAIM DATE
Final Original |04/02/2016|09/15/2016|01/04/2017
9 v v v
2 v v v
3 v v v
4 v v v
5 v v v
6 v v v
7 v v v
8 v v v
9 v v v
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11 v v v
12 v v v
13 v v v
14 v v v
15 v v v
16 '4 v v
17 v v v
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EAST Search History

EAST Search History

EAST Search History (Prior Art)

EASTSearchHistory.14414698_AccessibleVersion.htm[1/4/2017 6:29:55 PM]

Ref iHits :Search Query DBs Default {Plurals {Time
# Operator Stamp
S50 #21 LPM with periodic us- OR ON 2017/01/04
PGPUB; 10:14
USPAT
S51 62 low adj power with message with periodic  {US- OR ON 2017/01/04
PGPUB; 10:15
USPAT
S52 30 low adj power with meassage near2 Us- OR ON 2017/01/04
periodic PGPUB; 10:16
USPAT
S53 {0 low adj power same meassage near?2 Us- OR ON 2017/01/04
periodic PGPUB; 10:16
USPAT
S54 40 low adj power same meassage near3 us- OR ON 2017/01/04
periodic PGPUB; 10:17
USPAT
S55 {0 low adj power same meassage with periodic {US- OR ON 2017/01/04
PGPUB; 10:17
USPAT
S56  §15 low adj power with message near2 periodic {US- OR ON 2017/01/04
PGPUB; 10:17
USPAT
S57 {20801 jjlow adj power with allow us- OR ON 2017/01/04
PGPUB; 10:25
USPAT
S58 5 low adj power with allow with message with {US- OR ON 2017/01/04
OLT PGPUB; 10:25
USPAT
S59 {2912 iisleep near2 allow us- OR ON 2017/01/04
PGPUB; 10:27
USPAT
S60 {19 sleep near2 allow same OLT Us- OR ON 2017/01/04
PGPUB; 10:27
USPAT
S61 {0 sleep near2 allow with periodic same OLT Us- OR ON 2017/01/04
PGPUB; 10:29
USPAT
S62 30 sleep near2 allow same periodic same OLT {§US- OR ON 2017/01/04
PGPUB; 10:30
USPAT
S63 {14 OLT and periodic same message same Us- OR ON 2017/01/04
power PGPUB; 10:54
USPAT
S64 6 OLT and periodic same message same Us- OR ON 2017/01/04
sleep PGPUB; 10:55
USPAT
S5 i1 OLT same LPM Us- OR ON 2017/01/04
PGPUB; 10:58
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EAST Search History

EASTSearchHistory.14414698_AccessibleVersion.htm[1/4/2017 6:29:55 PM]

5 5 USPAT :
S66 #6524 HOLT andLPM us- OR ON 2017/01/04
PGPUB; 10:58
USPAT
S67 i1 OLT and LPM us- OR ON 2017/01/04
PGPUB; 10:58
USPAT
S68 8 OLT and LWI us- OR ON 2017/01/04
PGPUB; 10:58
USPAT
S69 93 OLt same sleep same message Us- OR ON 2017/01/04
PGPUB; 10:59
USPAT
S70 i1 (13/698509).APP. USPAT; {OR ON 2017/01/04
USOCR 11:22
S71 8 ("20080186892" | "20100111523" | us- OR ON 2017/01/04
"20120063770" | "20120128357" | PGPUB; 11:22
"20120148246" | "20120177361" | USPAT;
"20140079396" | "8774621").PN. OR USOCR
("9240854").URPN.
S72 i1 (13/388087).APP. USPAT; HiOR ON 2017/01/04
USOCR 12:36
S73 {15 ("20090263127" | "20090268653" | us- OR ON 2017/01/04
"20100111523" | "20100118753" | PGPUB; 12:36
"20120063770" | "20120148246" | USPAT;
"20140079396" | "20140086584" | USOCR
"20140193150" | "7317688" | "8000602" |
"8565601" | "8687960" | "8774621").PN. OR
("8934770").URPN.
S74 {26 OLt same sleep near2 allow$5 Us- OR ON 2017/01/04
PGPUB; 12:51
USPAT
S75 {34 OLt and sleep near2 allow$5 Us- OR ON 2017/01/04
PGPUB; 12:53
USPAT
S76 8 S75 not S74 us- OR ON 2017/01/04
PGPUB; 12:53
USPAT
S77 {16 OLt and sleep near2 permission Us- OR ON 2017/01/04
PGPUB; 12:54
USPAT
S78 63 sleep same doze same allow Us- OR ON 2017/01/04
PGPUB; 13:27
USPAT
S79 i3 sleep same doze same allow same periodic  {US- OR ON 2017/01/04
PGPUB; 13:27
USPAT
S80 {992 low near power near mode with message Us- OR ON 2017/01/04
PGPUB; 13:38
USPAT
S81 {16 low near power near mode with message us- OR ON 2017/01/04
with periodic PGPUB; 13:38
USPAT
S82 {48 low near power near mode with keep near2 {US- OR ON 2017/01/04
alive PGPUB; 13:40
USPAT
83 i1 jlow near power near mode with keep near2 {US- OR HON 42017/01/04;
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EAST Search History

alive with periodic PGPUB; 13:40
USPAT
S84 i3 low near power near mode with keep near2 {US- OR 2017/01/04
alive with periodic$5 PGPUB; 13:40
USPAT
S85 2871 ikeep near2 alive with periodic$5 Us- OR 2017/01/04
PGPUB; 13:41
USPAT
S86 {12 keep near2 alive with periodic$5 same OLT {US- OR 2017/01/04
PGPUB; 13:41
USPAT
S87 {10893 i{alive with periodic$5 smae OLT us- OR 2017/01/04
PGPUB; 13:42
USPAT
S88 {15 alive with periodic$5 same OLT Us- OR 2017/01/04
PGPUB; 13:42
USPAT
S89 4 alive same sleep same doze same OLT Us- OR 2017/01/04
PGPUB; 13:43
USPAT
S90 {34 alive same OLT Us- OR 2017/01/04
PGPUB; 13:52
USPAT
S91 861 alive same sleep Us- OR 2017/01/04
PGPUB; 13:55
USPAT
S92 i1 alive same sleep same ONT Us- OR 2017/01/04
PGPUB; 13:55
USPAT
S93 6 alive same sleep same ONU Us- OR 2017/01/04
PGPUB; 13:55
USPAT
S94 116322 itkeep adj alive Us- OR 2017/01/04
PGPUB; 16:10
USPAT
895 {101 keep adj alive same power adj saving us- OR 2017/01/04
PGPUB; 16:11
USPAT
S96 186581 ikeep adj alive with allowsame power adj Us- OR 2017/01/04
saving PGPUB; 16:13
USPAT
S97 §2 keep adj alive with allow same power adj Us- OR 2017/01/04
saving PGPUB; 16:13
USPAT
S98 565 keep adj alive with allow Us- OR 2017/01/04
PGPUB; 16:19
USPAT
S99 {103 keep adj alive with allow same power Us- OR 2017/01/04
PGPUB; 16:19
USPAT
S100 33 keep adj alive with allow same (doze sleep {US- OR 2017/01/04
low$1power energy$1isaving) PGPUB; 16:19
USPAT
S101 4371 keep adj alive same (doze sleep low$1power jUS- OR 2017/01/04
energy$1isaving) PGPUB; 16:31
USPAT

EASTSearchHistory.14414698_AccessibleVersion.htm[1/4/2017 6:29:55 PM]
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EAST Search History (I nterference)
< This search history is empty>

1/4/2017 6:29:47 PM
C:\ Users\ ojacob\ Documents\ EAST\ Workspaces\ 14414698.wsp
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Search Notes

Application/Control No.

Applicant(s)/Patent Under
Reexamination

14414698 KHOTIMSKY ET AL.
Examiner Art Unit
[T
CPC- SEARCHED
Symbol Date Examiner
h04112/12; h04b10/27 4/2/2016 oJ

CPC COMBINATION SETS - SEARCHED

Symbol Date Examiner
US CLASSIFICATION SEARCHED

Class Subclass Date Examiner

398 66,43,58 4/2/2016 oJ
SEARCH NOTES

Search Notes Date Examiner
east 4/2/2016 OoJ
inventor name 4/2/2016 oJ
npl 9/15/2016 oJ
east 1/4/2017 OoJ

INTERFERENCE SEARCH
US Class/ US Subclass / CPC Group Date Examiner
CPC Symbol
JOOMMEN JACOB/

Primary Examiner.Art Unit 2637

U.S. Patent and Trademark Office

Part of Paper No. : 20170104
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Doc code: RCEX PTO/SB/30EFS (07-14)
Doc description: Request for Continued Examination (RCE) Approved for use through 07/31/2016. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL
(Submitted Only via EFS-Web)

Application | L, .144 6og Filing | bo45.01.13 Docket Number | 4065 8132 Us01 At 1 be3y
Number Date (if applicable) Unit
First Named _ . ) Examiner
Denis Andreyevich Khotimsky Jacob, Oommen
Inventor Name

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application.

Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8,
1995, to any international application that does not comply with the requirements of 35 U.S.C. 371, or to any design application. The
Instruction Sheet for this form is located at WWW.USPTO.GOV.

SUBMISSION REQUIRED UNDER 37 CFR 1.114

Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed with the RCE will be entered in the order
in which they were filed unless applicant instructs otherwise. If applicant does not wish to have any previously filed unentered amendment(s)
entered, applicant must request non-entry of such amendment(s).

Previously submitted. If a final Office action is cutstanding, any amendments filed after the final Office action may be considered as a

N
X submission even if this box is not checked.

|:| Consider the arguments in the Appeal Brief or Reply Brief previously filed on

[] other

[ ] Enclosed

[ ] Amendment/Reply
|:| Information Disclosure Statement (IDS)

|:| Affidavit{s)/ Declaration(s)

[] Other

MISCELLANEOUS

l:l Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a period of months
(Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required)

[] Other

FEES

The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed.
& The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, to
Deposit Account No |500665

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED

> Patent Practitioner Signature

Applicant Signature

EFS - Web2.1.15
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Doc code: RCEX

Doc description: Request for Continued Examination (RCE)

PTO/SB/30EFS (07-14)
Approved for use through 07/31/2016. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

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

Signature of Registered U.S. Patent Practitioner

Signature

[Vinay Sathe/

Date (YYYY-MM-DD) E016—12—15 I

Name

\inay Sathe

Registration Number F5595

This collection of information is required by 37 CFR 1.114. 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 1.11 and 1.14. This collection is
estimated to take 12 minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time
will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for
reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce,
P.O. Box 1450, Alexandria, VA 22313-1450.

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

EFS - Web2.1.15
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 83-579) 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 authoerity 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.S5.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records.

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
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.

Q. 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 viclation or potential viclation of law or regulation.

EFS - Web 2.1.15
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Electronic Patent Application Fee Transmittal

Application Number: 14414698

Filing Date: 13-Jan-2015

Title of Invention:

OPTICAL NETWORK UNIT POWER MANAGEMENT IN PASSIVE OPTICAL

NETWORKS
First Named Inventor/Applicant Name: Denis Andreyevich Khotimsky
Filer: Vinay Padmakar Sathe/Jennifer Payne
Attorney Docket Number: 009065-8132.US01
Filed as Large Entity
Filing Fees for U.S. National Stage under 35 USC 371
Description Fee Code Quantity Amount SUB-;;:;)I in
Basic Filing:
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:

Exhibit 1002

IPR2024-00899, USPN 9,806,892

55 of 362




Description

Fee Code

Quantity

Amount

Sub-Total in
UsD($)

Miscellaneous:

RCE- 1st Request

1801

1

1200

1200

Total in USD ($)

1200
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Electronic Acknowledgement Receipt

EFS ID: 27811685
Application Number: 14414698
International Application Number:
Confirmation Number: 2029

Title of Invention:

OPTICAL NETWORK UNIT POWER MANAGEMENT IN PASSIVE OPTICAL
NETWORKS

First Named Inventor/Applicant Name:

Denis Andreyevich Khotimsky

Customer Number:

97075

Filer:

Vinay Padmakar Sathe/Jennifer Payne

Filer Authorized By:

Vinay Padmakar Sathe

Attorney Docket Number:

009065-8132.US01

Receipt Date: 15-DEC-2016
Filing Date: 13-JAN-2015
Time Stamp: 17:54:39

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $1200

RAM confirmation Number

121616INTEFSW17554000

Deposit Account

500665

Authorized User

Jennifer Payne

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

37 CFR 1.21 (Miscellaneous fees and charges)
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File Listing:

Document s e . File Size(Bytes Multi Pages
Document Description File Name ( yt ) . . 9
Number Message Digest | Part/.zip| (ifappl.)
1349880
1 Request forContR|2ILEJed Examination 2016-12-15_ RCE.PDF no 3
( ) 520d3d214b6f73f603a80cc3d 305661260
571c
Warnings:
Information:
30838
2 Fee Worksheet (SB06) fee-info.pdf no 2
feb673cafo6baf62611c51dcc152360ce3b3
8467
Warnings:
Information:
Total Files Size (in bytes){ 1380718

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office

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

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

P.0O. Box 1450

Alexandria, Virginia 22313-1450

WW’W.I\SP[O.gOV

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. | CONFIRMATION NO. |
14/414,698 01/13/2015 Denis Andreyevich Khotimsky 009065-8132.US01 2029
97075 7590 11/30/2016
. . EXAMINER
Perkins Coie LLP - SDO General I |
PO Box 1247 JACOB, OOMMEN
Seattle, WA 98111-1247
I ART UNIT | PAPER NUMBER |
2637
I NOTIFICATION DATE | DELIVERY MODE |
11/30/2016 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):

patentprocurement @perkinscoie.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
Advisory Action 14/414,698 KHOTIMSKY ET AL.
Before the Filing of an Appeal Brief Examiner Art Unit ATA (First Inventor to File) Status
OOMMEN JACOB 2637 No

--The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

THE REPLY FILED 10 November 2016 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE.

NO NOTICE OF APPEAL FILED

1. X 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) |:| 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) |:| A 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 Advisory 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 APPLICANT'S 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 . Abrief 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 37 CFR 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 hew matter (see NOTE below);

c) |:] 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) |:| They present additional claims without canceling a corresponding number of finally rejected claims.
NOTE: See Continuation. (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. |:| Applicant’s reply has overcome the following rejection(s):

6. |:| Newly proposed or amended claim(s)
allowable claim(s).

7. E For purposes of appeal, the proposed amendment(s): (a) X will not be entered, or (b) [] will 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.[]A 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. [ 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 hecessary and was not earlier presented. See 37 CFR 41.33(d)(1).

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

See continuation regarding claims 14-15.
13. [ Note the attached Information Disclosure Statement(s). (PTO/SB/08) Paper No(s).
14. [] Other: .
STATUS OF CLAIMS
15. The status of the claim(s) is (or will be) as follows:
Claim(s) allowed: 14-15.
Claim(s) objected to: .
Claim(s) rejected: 1-13,16 and 17.
Claim(s) withdrawn from consideration:

would be allowable if submitted in a separate, timely filed amendment canceling the non-

/OOMMEN JACOB/
Primary Examiner, Art Unit 2637

U.S. Patent and Trademark Office
PTOL-303 (Rev. 08-2013) Advisory Action Before the Filing of an Appeal Brief Part of Paper No. 20161124
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Continuation Sheet (PTOL-303) Application No.

Independent claims 1, 7, 12, 16 have been amended such as scope of claims have changed. Examiner requires further search to

determine patentability of these claims.
Applicant arguments regarding claim 14 (arguments page 9-11), are considered persuasive, because it expressly requires "peiodic consent

messages", not taught by references. Hence, claims 14-15 are allowed over prior art of record. the application is NOT in condition for
allowance, because of other pending claims 1-13, 16-17.
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Docket No.: 009065-8132.US01
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Denis Andreyevich Khotimsky et al.

Application No.: 14/414,698 Confirmation No.: 2029
Filed: January 13,2015 Examiner: Jacob, Oommen
For: OPTICAL NETWORK UNIT POWER Art Unit: 2637
MANAGEMENT IN PASSIVE OPTICAL

NETWORKS

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

Alexandria, VA 22313-1450

AMENDMENT AFTER FINAL OFFICE ACTION

In response to the Office Action dated September 23, 2016, please amend the above-

identified U.S. patent application as follows:

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

of this paper.

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

This listing of claims replaces all prior versions and listings of claims in the application:

Listing of Claims:

1. (Currently Amended) A method of optical communication in a passive optical network,
comprising:

operating an optical network unit (ONU) in a first state in which a transmitter of the ONU
is turned off and a receiver of the ONU is turned on;

operating the ONU in a second state in which both the transmitter and the receiver are
turned off;

transitioning the ONU directly between the first state and the second state, based on a
power management rule; [[and]]

ensuring the ONU is fully powered up, synchronized, and capable of responding to both
upstream and downstream traffic and control before exiting the first state or the second state, and

receiving, by the receiver, a power management message from an optical line terminal

(OLT); and
changing the power management rule based on the received power management message.

2. (Original) The method of claim 1, further comprising:
operating the ONU in a third state in which both the transmitter and the receiver are

turned on.

3. (Cancelled).

4. (Original) The method of claim 1, wherein the power management rule specifies a first
time period for operation in the first state and a second time period for operation in the second
state and wherein the transitioning is performed upon expiration of at least one of the first time

period and the second time period.
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5. (Original) The method of claim 1, further comprising:

transmitting, to an optical line terminal, a message indicative of the transitioning between

the first state and the second state.

6. (Original) The method of claim 1, further comprising:

receiving, by the receiver, a power management message from an optical line terminal;
and

performing the transitioning responsive to the received power management message and

a local decision to change an operational state.

7. (Currently Amended) An optical communication apparatus in a passive optical network,
comprising:

means for operating an optical network unit (ONU) in a first state in which a transmitter
of the ONU is turned off and a receiver of the ONU is turned on;

means for operating the ONU in a second state in which both the transmitter and the
receiver are turned off;

means for transitioning the ONU directly between the first state and the second state,
based on a power management rule; [[and]]

means for ensuring the ONU is fully powered up, synchronized, and capable of
responding to both upstream and downstream traffic and control before exiting the first state or
the second state; and

means for receiving, by the receiver, a power management message from an optical line

terminal: and

means for changing the power management rule based on the received power

management message.

8. (Original) The apparatus of claim 7, further comprising:
means for operating the ONU in a third state in which both the transmitter and the

receiver are turned on.
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9. (Cancelled).

10. (Original) The apparatus of claim 7, wherein the power management rule includes a first
time period for operation in the first state and a second time period for operation in the second
state and wherein the means for transitioning performs a state transition upon expiration of at

least one of the first time period and the second time period.

11. (Original) The apparatus of claim 7, further comprising:
means for receiving a power management message from an optical line terminal; and
means for performing the transitioning responsive to the received power management

message and a local decision to change an operational state.

12. (Currently Amended) An optical communication apparatus, comprising;

a memory that stores processor-executable instructions; and

a processor that uses the stored instructions to implement a method, comprising operating
an optical network unit (ONU) in a first state in which a transmitter of the ONU is turned off and
a receiver of the ONU is turned on; and operating the ONU in a second state in which both the
transmitter and the receiver are turned off; and

wherein the processor includes means for transitioning the ONU directly between the first
state and the second state, based on a power management rule; [[and]]

wherein the processor uses stored instructions to ensure the ONU is fully powered up,
synchronized, and capable of responding to both upstream and downstream traffic and control
before exiting the first state or the second state; and

wherein the processor further uses the stored instructions to implement the method by

receiving, by the receiver, a power management message from an optical line terminal (OLT)

and changing the power management rule based on the received power management message.

13.  (Currently Amended) The apparatus as in claim 12, wherein-the-processorfurtheruses

d getrons-toHmp od-by VHEeby Ve POW
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wherein the power

management rule specifies a first time period for operation in the first state and a second time
period for operation in the second state and wherein the transitioning is performed upon

expiration of at least one of the first time period and the second time period.

14. (Previously Presented) An optical line terminal (OLT) for operation in a passive optical
network (PON), the optical line terminal comprising:

a processor configured to generate messages for controlling a transition of an optical
network unit from a first low power state in which a receiver of the optical network unit is turned
on but a transmitter of the optical network unit is turned off to a second low power state in which
both the receiver and the transmitter of the optical network unit are turned off;

a transmitter configured to transmit the generated messages to the optical network unit;

wherein the generated messages comprises a periodic consent message to allow the

optical network unit to remain in either the first low power state or the second low power state.

15.  (Original) The optical line terminal as in claim 14, wherein the processor includes means
for specifying a first time period for operation in the first low power state and a second time
period for operation in the second low power state and wherein the transition of the optical
network unit from the first low power state to the second low power state is controlled to occur

upon expiration of at least one of the first time period and the second time period.

16.  (Currently Amended) A passive optical network (PON) communications system,
comprising:

an optical network unit (ONU) operable in a first low power mode in which the ONU is
able to receive but not transmit and a second low power mode in which the ONU is not able to

either receive or transmit, wherein the ONU is configured to transition between the first low

power mode and the second low power mode based on a power management rule, and wherein

the ONU changes a power management rule based on a received power management message;
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an optical line terminal (OLT) communicably coupled to the ONU, the OLT configured
to transmit a control message to the ONU to control at least one aspect of transition of the ONU
between the first low power mode and the second low power mode; and

the ONU configured to ensure that the ONU is fully powered up, synchronized, and
capable of responding to both upstream and downstream traffic and control before exiting the

first [[state]] low power mode or the second [[state]] low power mode.

17. (Currently Amended) The system as in claim 16, wherein:

the OLT is configured to transmit the control message that includes [[a]] the power
management rule that specifies a first time period for operation in the first [[slow]] low power
state and a second time period for operation in the second low power state and to control the
ONU to transition from the first low power state to the second low power state upon expiration

of at least one of the first time period and the second time period.

133379709.1

Exhibit 1002
IPR2024-00899, USPN 9,806,892
68 of 362



Inventor : Denis Andreyevich Khotimsky et al. Docket No.: 009065-8132.US01
Appl. No. : 14/414,698

Filed : January 13, 2015

Page : 7of 12

REMARKS

Independent Claims 1, 7, 12, and 16 have been amended. Dependent Claims 3 and 9
have been canceled. Dependent Claim 13 and 17 have been amended.
Claims 1-2, 4-8, 10-17 remain pending. Reconsideration and allowance of the

application are respectfully requested.

Examiner Interview

The Applicant thanks Examiner Jacob for taking the time on November 3, 2016, to
discuss over the phone the certain features of the present application as distinguished from the
cited art. No conclusion was reached. The Applicant has amended claims consistent with the

Examiner’s comments to advance prosecution of this case.

Rejections under 35 U.S.C. § 103

Claims 1-17 over Skubic, Pfeiffer, and ITU-T G.987.3 10/2010
Claims 1-17 stand rejected under pre-AlIA 35 U.S.C. 103(a) over Skubic, Pfeiffer, and
ITU-T G.987.3 10/2010. The Office’s rejection of Independent Claim 1 is respectfully traversed

at least for reasons provided below.

Independent Claims 1 over Skubic, Pfeiffer, and ITU-T G.987.3 10/2010

Independent Claim 1 has been amended to incorporate features of the original Dependent
Claim 3 that was rejected under 35 U.S.C. 103(a) over Skubic, Pfeiffer, and ITU-T G.987.3
10/2010. As discussed below, the traversal addresses the shortcomings of Pfeiffer, which was
relied upon for the rejection of Dependent Claim 3 (now cancelled).

The amended Independent Claim 1 recites a method for optical communication that
includes, among other features:

1. A method of optical communication in a passive optical network,
comprising:
operating an optical network unit (ONU) in a first state in which a
transmitter of the ONU is turned off and a receiver of the ONU is turned on;
operating the ONU in a second state in which both the transmitter and the
receiver are turned off;
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transitioning the ONU directly between the first state and the second state,
based on a power management rule; [[and]]

ensuring the ONU is fully powered up, synchronized, and capable of
responding to both upstream and downstream traffic and control before exiting
the first state or the second state; and

receiving, by the receiver, a power management message from an optical
line terminal (OLT); and

changing the power management rule based on the received power

management message.

In rejecting Dependent Claim 3 (now cancelled), the Office contends the following regarding the

purported disclosure of Skubic:

As perclaims 3, 9. 14, 16

Skubic in view of Pfeiffer and [TU-T G.987.3 teaches claims 1, 7 as discussed above.

Skubic in view of Pfeiffer and TTU-T (9873 further teaches recefving. by the receiver. a
power manasement message from anoptical Hne terminal (OLT); and contiguring the power
management rule based on the received powet management message (Skubic Fig 1, §0031
“Bach state maching Jas a et of states, and transitions hetween slotes in reSponse to one or
more of - signading 33 sent between the QLT 20 and ONU 10 signaling 34 sent between the ONU
10 and OLT 207"); wherein the generated messages comprises a periodic consent message to
altow the optical network unit to rematn in either the first low power state or the second low
power state (In view of applicant’s arguments on Page 8, examiner interprets that applicant is
referring 1o awake free state where normal allocarions are periodically sent. ITU-T (G.987.

Table 16-5 1eaches this awake free state).

See Final Office Action at p. 4 (September 23, 2016). The Applicant respectfully disagrees with
the Office’s contention for at least the following reasons.

First, Skubic fails to teach or suggest that the power management rule is changed based
on the received power management message. Skubic explains that an “ONU 10 can move
between the possible states in response to stimuli, such as signalling received from ... the OLT
20.” Skubic at [0031]. Indeed, Skubic teaches that the ONU’s state machine “transitions
between states in response to ... signalling 33 sent between the OLT 20 and ONU 10...”

133379709.1

Exhibit 1002
IPR2024-00899, USPN 9,806,892
70 of 362



Inventor : Denis Andreyevich Khotimsky et al. Docket No.: 009065-8132.US01
Appl. No. : 14/414,698

Filed : January 13, 2015

Page : 90f 12

Skubic at [0031]. The signalling in Skubic, however, does not change any power management
rule at least because the signalling from the OTL to the ONU only commands the ONU to
transition between states and may not change the underlying rule. In other words, Skubic’s
signalling fails to teach or suggest the changing of the power management rule based on the
received power management message.

Second, while Skubic teaches that the state machine of the ONU “is updated in response
to signalling message 33, 34 between the ONU 10 and OLT 20,” (Skubic at [0031]), Skubic fails
to teach or suggest whether the updating of the ONU state machine relates to the claimed
changing of the power management rule. Indeed, Skubic is silent on what the “update”
represents. Thus, Skubic’s disclosure related to updating the ONU’s state machine also fails to
teach or suggest the changing of the power management rule based on the received power
management message. Further, the Office does not cite to Pfeiffer or ITU-T G.987.3 10/2010 for
the features cited in the claim language above.

For at least the above mentioned reasons, Skubic in view of Pfeiffer and ITU-T G.987.3
10/2010 fails to teach or suggest that the configuring of the power management rule is based on

the received power management message.

Independent Claims 7. 12. and 16 over Skubic. Pfeiffer. and ITU-T G.987.3 10/2010

The Office’s rejection of Independent Claims 7, 12, and 16 are respectfully traversed at
least because Independent Claims 7, 12, and 16 have been amended in a similar manner to
Independent Claim 1, and should be allowed for at least the same reasons as provided above, and

also on their own merits.

Independent Claim 14 over Skubic, Pfeiffer. and ITU-T G.987.3 10/2010

In rejecting Independent Claim 14, the Office contends the following regarding the
purported disclosure of ITU-T G.987.3 10/2010:
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As perclaims 3. 9. 14, 16

Skubic in view of Pieiffer and TTU-T (G.987.3 teaches laims 1, 7 as discussed above.

Skubic in view of Pfeiffer and ITU-T G.987.3 further teaches receiving, by the receiver, a
power management message from an optical fine terminal {OUT): and configuring the power
management rule based on the received power management: message (Skubic Fig I, §0034
“Egch state machine has a ser of states, and transitions between states (0 response fo one or
more of: signaling 33 sent between the QLT 20 and ONU 10y signading 34 sent between the ONU
10 and QLT 207, wherein the generated messages comprises 4 pertodic consent message o
allow the optical network wnit to remain in either the fivst fow power siste or the second low
poswer state (I view of applicant’s drgiments on Page 8, examiner interprely that applicant is
referring to ke free stare where apepail cllovitions are pesodivatiy sentc FEUET G987

Tuble 10-5 ieachey this awake free stte).

Docket No.: 009065-8132.US01

See Final Office Action at p. 4 (September 23, 2016). The Applicant respectfully disagrees with

the Office’s contention for at least the following reasons.

As an initial matter, the Office has failed to make a prima facie obviousness rejection for

Independent Claims 14 and 16 at least because the ITU-T G.987 document does not state, as the

Office contends, that “normal allocations are periodically sent” in the “awake free state.” See

Final Office Action at p. 4 (September 23, 2016) (reproduced above) (emphasis added).

Contrary to the Office’s contention, Table 16-5 of the ITU-T G.987 document states the

following regarding the “awake free state”:

AwakeFree

The OLT provides sormad allocanoms w dee ODL frowards dewnsrsam
tenffie, ausd w ready 1o ancopt 8 poWEr mMauagemens ansiics mdacation
Fora the ONLL

GLT sends 2 Sleen &ltow (ON) BLOAM

smissedd sifoe
condii

ActiveFree stae or i the Activeli=h state.

T peTRanon W axder 3 kv poveer ststeal

See ITU-T G.987.3 10/2010, p. 95 (Table 16-5).
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In the ITU-T G.987 document, Table 16-5 states that the “OLT sends a Sleep Allow
(ON) PLOAM message” to the ONU to permit the ONU “to enter a lower power state at its own
discretion.” See ITU-T G.987.3 10/2010, p. 95 (Table 16-5). The ITU-T G.987 document states
that a single Sleep Allow message is sent to the ONU when the ONU transitions to the
“AwakeFree” state. In fact, the ITU-T G.987 document nowhere states that “normal allocations
are periodically sent” in the “awake free state” as the Office contends. See Final Office Action
at p. 4 (September 23, 2016) (reproduced above) (emphasis added). Thus, the disclosure of the
“Sleep_Allow” message in ITU-T G.987 document fails to teach or suggest the claimed
“generated message comprises a periodic consent message to allow the optical network unit to
remain in either the first low power state or the second low power state.” The Office does not
cite to Skubic or Pfeiffer for the features cited in the claim language above.

For at least the above mentioned reasons, Skubic in view of Pfeiffer and ITU-T G.987.3
10/2010 fails to teach or suggest that the generated message comprises a periodic consent
message to allow the optical network unit to remain in either the first low power state or the
second low power state.

The remaining Dependent Claims are patentable over Skubic, Pfeiffer, and ITU-T
(G.987.3 10/2010 at least due to the dependency from claims 1, 7, 12, 14, and 16, and also on

their own merits.
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Conclusion

It is believed that all of the pending claims have been addressed. However, the absence
of a reply to a specific rejection, issue or comment does not signify agreement with or
concession of that rejection, issue or comment. In addition, because the arguments made above
may not be exhaustive, there may be reasons for patentability of any or all pending claims (or
other claims) that have not been expressed. Finally, nothing in this paper should be construed as
an intent to concede any issue with regard to any claim, except as specifically stated in this
paper, and the amendment of any claim does not necessarily signify concession of

unpatentability of the claim prior to its amendment.

No fee is believed to be due, however, please apply any charges or credits to Deposit

Account No. 50-0665.

Respectfully submitted,

Date: November 10, 2016 /Vinay Sathe/
Vinay Sathe
Reg. No. 55,595

Perkins Coie LLP

P.O. Box 1247

Seattle, Washington 98111-1247
Telephone: (858) 720-5700
Facsimile: (206) 359-7198
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Application No. Applicant(s)
14/414,698 KHOTIMSKY ET AL.

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
OOMMEN JACOB 2637 SN‘Z‘“S

-- 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.
- |If NO pericd 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)X] Responsive to communication(s) filed on 07/07/2016.
[] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon ____.
2a)[X] This action is FINAL. 2b)[] This action is non-final.
3)O 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)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5)[X] Claim(s) 1-17is/are pending in the application.

ba) Of the above claim(s) is/are withdrawn from consideration.
6)[1 Claim(s) is/are allowed.
7)X Claim(s) 1-17 is/are rejected.
8)[] Claim(s is/are objected to.

)
9)[] 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

hitp/Aaww. usplo.aov/patenis/init_events/peh/indax.jsp or send an inquiry to PPHiesedback@uspio.goy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)X] The drawing(s) filed on 01/13/2015 is/are: a)}X 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)X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or ().
Certified copies:
a)X Al b)[] Some** ¢)[] None of the:
1.[X] Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.
3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) & Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
. . Paper No(s)/Mail Date. .
2) x Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 l:l Other-
Paper No(s)/Mail Date 04/13/2016. )L Cther: ____
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20160915
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Application/Control Number: 14/414,698 Page 2
Art Unit: 2637

DETAILED ACTION

Notice of Pre-AIA or AIA Status

L The present application is being examined under the pre-AIA first to invent provisions.

Response to Arguments
1L Applicant’s arguments with respect to claims 1-17 have been considered but are moot in
view of new grounds of rejections. New reference has been applied to show the newly added

limitations.

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 of this title, 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
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.

1I1. Claims1-17 rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable over
Skubic [US PUB NO: 2012/0166819] in view of Pfeiffer [US PUB NO: 2009/0201840] and
further in view of ITU-T G.987.3 10/2010.

As perclaims 1,7

Skubic teaches a method of optical communication in a passive optical network,
comprising:

operating an optical network unit (ONU) in a first state in which a transmitter of the ONU
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is turned off and a receiver of the ONU is turned on (Skubic table 1 “Listen”);

operating the ONU in a second state in which both the transmitter and the receiver are
turned off (Skubic table 1 “asleep™); and

Skubic does not expressly teach transitioning the ONU directly between the first state and
the second state, based on a power management rule.

Pfeiffer teaches method for transitioning directly between the first state and the second
state, based on a power management rule (Pfeiffer Fig 9, transitioning from 345 to 320 are based
on the states).

At the time if invention it would have been obvious to a person of ordinary skill in the art
to modify power management scheme as in Skubic by integrating transitioning from listen to
sleep directly. Motivation would be to go to sleep mode if messages are not being received
(Pfeiffer J0045).

Skubic in view of Pfeiffer does not expressly teach and ensuring the ONU is fully
powered up, synchronized, and capable of responding to both upstream and downstream traffic
and control before exiting the first state or the second state.

ITU-T G.987.3 teaches ensuring the ONU is fully powered up, synchronized, and capable
of responding to both upstream and downstream traffic and control before exiting the first state
or the second state (ITU-T G.987. Table 16-2, Asleep and Listen state semantics).

At the time if invention it would have been obvious to a person of ordinary skill in the art
to modify power management scheme as in Skubic by integrating teachings from a standard.

The motivation would be to comply with industry standards during manufacture and working of

the ONUs.
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As per claims 2, 8

Skubic in view of Pfeiffer and ITU-T G.987.3 teaches claims 1, 7 as discussed above.
Skubic in view of Pfeiffer and ITU-T G.987.3 further teaches operating the ONU in a
third state in which both the transmitter and the receiver are turned on (Skubic Table 1,

“activeheld” or “activefree” states).

As per claims 3. 9. 14, 16

Skubic in view of Pfeiffer and ITU-T G.987.3 teaches claims 1, 7 as discussed above.

Skubic in view of Pfeiffer and ITU-T G.987.3 further teaches receiving, by the receiver, a
power management message from an optical line terminal (OLT); and configuring the power
management rule based on the received power management message (Skubic Fig 1, 0031
“Each state machine has a set of states, and transitions between states in response to one or
more of: signaling 33 sent between the OLT 20 and ONU 10; signaling 34 sent between the ONU
10 and OLT 207); wherein the generated messages comprises a periodic consent message to
allow the optical network unit to remain in either the first low power state or the second low
power state (In view of applicant’s arguments on Page 8, examiner interprets that applicant is
referring to awake free state where normal allocations are periodically sent. ITU-T G.987.
Table 16-5 teaches this awake free state).

As per claims 4, 10, 15, 17

Skubic in view of Pfeiffer and ITU-T G.987.3 teaches claims 1, 7 as discussed above.

Skubic in view of Pfeiffer and ITU-T G.987.3 further teaches wherein the power
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management rule specifies a first time period for operation in the first state (Pfeiffer Fig 9, 0045
“listen timeout”) and a second time period for operation in the second state (Skubic Fig 2
“Tsleep”) and wherein the transitioning is performed upon expiration of at least one of the first
time period and the second time period (Pfeiffer Fig 9, 40045 “If the listen timeout expires
before the end node 30 receives a message, the second sleep interval is set and the end node 30
enters the second sleep state 3307).

As per claim 5

Skubic in view of Pfeiffer and ITU-T G.987.3 teaches claim 1 as discussed above.

Skubic in view of Pfeiffer and ITU-T G.987.3 further teaches transmitting, to an optical
line terminal, a message indicative of the transitioning between the first state and the second state
(Skubic Fig 1 item 33, Y0031 “The state machine 52 corresponding to each ONU 10 is updated
in response to signaling messages 33, 34 between the ONU 10 and OLT 207).

As per claims 6, 11

Skubic in view of Pfeiffer and ITU-T G.987.3 teaches claims 1, 7 as discussed above.

Skubic in view of Pfeiffer and ITU-T G.987.3 further teaches receiving, by the receiver, a
power management message from an optical line terminal; and performing the transitioning
responsive to the received power management message (Skubic Fig 1, Y0031 “Each state
machine has a set of states, and transitions between states in response to one or more of:
signaling 33 sent between the OLT 20 and ONU 10; signaling 34 sent between the ONU 10 and
OLT 20”) and a local decision to change an operational state (Skubic J0032).

As per claims 12-13

Claims 12-13 have limitations similar to claims 1-2 and are rejected for same reasons as
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above over Skubic in view of Pfeiffer and ITU-T G.987.3.
Skubic in view of Pfeiffer and ITU-T G.987.3 further teaches an optical communication
apparatus, comprising: a memory that stores processor-executable instructions; and a processor

that uses the stored instructions to implement the method of claims 1, 4 (Skubic §0012).

Conclusion
V. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to OOMMEN JACOB whose telephone number is (571)270-5166.
The examiner can normally be reached on Monday - Friday, 8:00 a.m. - 5:00 p.m., EST.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, DAVID PAYNE can be reached on (571) 272-3024. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

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

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

/OOMMEN JACOB/
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Primary Examiner, Art Unit 2637
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Docket No.: 009065-8132.US01
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Denis Andreyevich Khotimsky et al.

Application No.: 14/414,698 Confirmation No.: 2029
Filed: January 13, 2015 Examiner: Jacob, Oommen
For: OPTICAL NETWORK UNIT POWER Art Unit: 2637
MANAGEMENT IN PASSIVE OPTICAL

NETWORKS

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

Alexandria, VA 22313-1450

AMENDMENT IN RESPONSE TO NON-FINAL OFFICE ACTION

In response to the Office Action dated April 7, 2016, please amend the above-identified

U.S. patent application as follows:

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

of this paper.

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

This listing of claims replaces all prior versions and listings of claims in the application:

Listing of Claims:

1. (Currently Amended) A method of optical communication in a passive optical network,
comprising:

operating an optical network unit (ONU) in a first state in which a transmitter of the ONU
is turned off and a receiver of the ONU is turned on;

operating the ONU in a second state in which both the transmitter and the receiver are
turned off; [[and]]

transitioning the ONU directly between the first state and the second state, based on a
power management rule; and

ensuring the ONU is fully powered up, synchronized. and capable of responding to both

upstream and downstream traffic and control before exiting the first state or the second state.

2. (Original) The method of claim 1, further comprising:
operating the ONU in a third state in which both the transmitter and the receiver are

turned on.

3. (Original) The method of claim 1, further comprising:

receiving, by the receiver, a power management message from an optical line terminal
(OLT); and

configuring the power management rule based on the received power management

message.

4. (Original) The method of claim 1, wherein the power management rule specifies a first
time period for operation in the first state and a second time period for operation in the second
state and wherein the transitioning is performed upon expiration of at least one of the first time

period and the second time period.
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5. (Original) The method of claim 1, further comprising:

transmitting, to an optical line terminal, a message indicative of the transitioning between

the first state and the second state.

6. (Original) The method of claim 1, further comprising:

receiving, by the receiver, a power management message from an optical line terminal;
and

performing the transitioning responsive to the received power management message and

a local decision to change an operational state.

7. (Currently Amended) An optical communication apparatus in a passive optical network,
comprising:

means for operating an optical network unit (ONU) in a first state in which a transmitter
of the ONU is turned off and a receiver of the ONU is turned on;

means for operating the ONU in a second state in which both the transmitter and the
receiver are turned off; [[and]]

means for transitioning the ONU directly between the first state and the second state,
based on a power management rule; and

means for ensuring the ONU is fully powered up, synchronized. and capable of

responding to both upstream and downstream traffic and control before exiting the first state or

the second state.

8. (Original) The apparatus of claim 7, further comprising:
means for operating the ONU in a third state in which both the transmitter and the

receiver are turned on.

9. (Original) The apparatus of claim 7, comprising:
means for receiving, by the receiver, a power management message from an optical line

terminal; and
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means for configuring the power management rule based on the received power

management message.

10.  (Original) The apparatus of claim 7, wherein the power management rule includes a first
time period for operation in the first state and a second time period for operation in the second
state and wherein the means for transitioning performs a state transition upon expiration of at

least one of the first time period and the second time period.

11.  (Original) The apparatus of claim 7, further comprising:
means for receiving a power management message from an optical line terminal; and
means for performing the transitioning responsive to the received power management

message and a local decision to change an operational state.

12. (Currently Amended) An optical communication apparatus, comprising:

a memory that stores processor-executable instructions; and

a processor that uses the stored instructions to implement a method, comprising operating
an optical network unit (ONU) in a first state in which a transmitter of the ONU is turned off and
a receiver of the ONU is turned on; and operating the ONU in a second state in which both the
transmitter and the receiver are turned off; and

wherein the processor includes means for transitioning the ONU directly between the first
state and the second state, based on a power management rule; and

wherein the processor uses stored instructions to ensure the ONU is fully powered up,

synchronized. and capable of responding to both upstream and downstream traffic and control

before exiting the first state or the second state.

13.  (Original) The apparatus as in claim 12, wherein the processor further uses the stored
instructions to implement the method by receiving, by the receiver, a power management
message from an optical line terminal (OLT) and configuring the power management rule based
on the received power management message, wherein the power management rule specifies a

first time period for operation in the first state and a second time period for operation in the

131307829.1

Exhibit 1002
IPR2024-00899, USPN 9,806,892
98 of 362



Inventor : Denis Andreyevich Khotimsky et al. Docket No.: 009065-8132.US01
Appl. No. : 14/414,698

Filed : January 13, 2015

Page : 50f 10

second state and wherein the transitioning is performed upon expiration of at least one of the first

time period and the second time period.

14. (Currently Amended) An optical line terminal (OLT) for operation in a passive optical
network (PON), the optical line terminal comprising;

a processor configured to generate messages for controlling a transition of an optical
network unit from a first low power state in which a receiver of the optical network unit is turned
on but a transmitter of the optical network unit is turned off to a second low power state in which
both the receiver and the transmitter of the optical network unit are turned off; [[and]]

a transmitter configured to transmit the generated messages to the optical network unit;

wherein the generated messages comprises a periodic consent message to allow the

optical network unit to remain in either the first low power state or the second low power state.

15.  (Original) The optical line terminal as in claim 14, wherein the processor includes means
for specifying a first time period for operation in the first low power state and a second time
period for operation in the second low power state and wherein the transition of the optical
network unit from the first low power state to the second low power state is controlled to occur

upon expiration of at least one of the first time period and the second time period.

16. (Currently Amended) A passive optical network (PON) communications system,
comprising:

an optical network unit (ONU) operable in a first low power mode in which the ONU is
able to receive but not transmit and a second low power mode in which the ONU is not able to
either receive or transmit;

an optical line terminal (OLT) communicably coupled to the ONU, the OLT configured
to transmit a control message to the ONU to control at least one aspect of transition of the ONU
between the first low power mode and the second low power mode; and

the ONU configured to ensure that the ONU is fully powered up. synchronized, and

capable of responding to both upstream and downstream traffic and control before exiting the

first state or the second state.
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17. (Original) The system as in claim 16, wherein:

the OLT is configured to transmit the control message that includes a power management
rule that specifies a first time period for operation in the first slow power state and a second time
period for operation in the second low power state and to control the ONU to transition from the
first low power state to the second low power state upon expiration of at least one of the first

time period and the second time period.
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REMARKS

Claims 1, 7, 12, 14 and 16 have been amended. No claims have been canceled and no
claims have been added as new dependent claims. Claims 1-17 remain pending.

Reconsideration and allowance of the application are respectfully requested.

Rejections under 35 U.S.C. § 103

Claims 1-17 over Skubic and Pfeffer
Claims I-17 are rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable over
Skubic [US PUB NO: 2012/0166819] in view of Pfeiffer [US PUB NO: 2009/0201840]. The
above cited rejections are respectfully traversed at least because Skubic and Pfeiffer fail to

disclose several claimed features.

Independent Claim 1 over Skubic and Pfeiffer

As an example, Independent claim 1 has been amended to further clarify the distinctions
between the claimed subject matter and the prior art. Specifically, Independent Claim 1 as
amended includes, among others, “ensuring the ONU is fully powered up, synchronized, and
capable of responding to both upstream and downstream traffic and control before exiting the
first state or the second state.” This amendment finds support at least in Table 3, Figures 2, 3A,
4A, 5 and the related text of the instant application. No new matter has been added.

Regarding the amended feature of Independent Claim 1, Table 3 states that before exiting
both the Asleep and Listen states, “the ONU ensures that it is fully powered up, synchronized,
and capable of responding to both upstream and downstream traffic and control.” See Present
Application at Table 3. These features are neither taught nor suggested in Skubic or Pfeiffer.
For instance, Skubic teaches that the power management control unit 50 “adapts the power
management behaviour of ONU 1 to ensure that ONU 1 awakes to receive the traffic.” See
Skubic at [0040]. There is no disclosure in Skubic that the ONU is ensured to be awake “before
exiting the first state or the second state” as recited in the amended Independent Claim 1.
Further, Skubic teaches that Taware is the “[l]ocal timer at ONU, initialized to a value equal to

or greater than laware once downstream synchronization is obtained upon entry to Aware

131307829.1

Exhibit 1002
IPR2024-00899, USPN 9,806,892
101 of 362



Inventor : Denis Andreyevich Khotimsky et al. Docket No.: 009065-8132.US01
Appl. No. : 14/414,698

Filed : January 13, 2015

Page : 80f 10

state.” See Skubic at Table 3 (emphasis added). Here too, Skubic fails teach or suggest that the
synchronization is obtained “before exiting the first state or the second state” as recited in the
amended Independent Claim 1. Finally, there is no disclosure in Skubic of ensuring that the
ONU is “capable of responding to both upstream and downstream traffic and control before
exiting the first state or the second state.”

Furthermore, one of skill in the art would not have combined Pfeiffer with Skubic at least
because Pfeiffer is not reasonably pertinent to the problem faced by the inventor. For example,
the Applicant of the instant application recognized that traditional standards of compliance in
optical equipment required that the ONU could not go from one low power state directly to
another low power state. Indeed, the traditional optical standards required that the ONU go from
one low power state to another low power state by going through a full power mode, for
example, through the “ActiveHeld” state as disclosed in Skubic. See Skubic at Fig. 2. Unlike
the problem faced by the Applicant of the instant application, Pfeiffer relates to “wireless
networks designed for use in industrial environments” where no such problem or limitation
existed for transitioning from one low power state to another low power state. See Pfeiffer at
[0002]. Thus, Pfeiffer—a wireless reference—would not be reasonably pertinent to the instant
application.

For at least the above failures of Skubic and Pfeiffer, Independent Claim 1 as amended is

patentable under 35 USC 103.

Independent Claim 14 over Skubic and Pfeiffer

Independent claim 14 has also been amended to further clarify the distinctions between
the claimed subject matter and the prior art. Specifically, Independent Claim 14 as amended
includes, among others, “wherein the generated messages comprises a periodic consent message
to allow the optical network unit to remain in either the first low power state or the second low
power state.” This amendment finds support at least in Tables 1 and 6 and the related text of the
instant application. No new matter has been added.

Regarding the amended feature of Independent Claim 14, Table 6 states that the OLT is
aware that the ONU is in a low power mode and that “[u]pon transition to and periodically

during the sojourn in [the LowPower] state, the OLT sends a LPM-Allow message to the ONU.”
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See Present Application at Table 6. Table 1 of the present application further describes the OLT
low power management primitives where it states that the “LPM-Allow” primitive allows the
“OLT [to] grant consent to ONU’s transition into a lower power mode.” See Present Application
at Table 1. These features are neither taught nor suggested in Skubic or Pfeiffer. For instance,
Skubic teaches OLT periodically checks whether the ONU is inactive due to “(i) the ONU 10
being alive (and in a low-power mode) or (ii) the ONU 10 having failed.” See Skubic at [0031].
There is no disclosure in Skubic that the OLT transmits “a periodic consent message to allow the
optical network unit to remain in either the first low power state or the second low power state”
as recited in the amended Independent Claim 14. For at least the above provided reasons,

Independent Claim 14 as amended is patentable under 35 USC 103.

Claims 2-13 and 15-17 over Skubic and Pfeiffer

Independent Claims 7, 12 and 16 have been amended in the similar manner as Claim 1.
Thus, Independent Claims 7, 12 and 16 as amended are patentable under 35 USC 103 for at least
the reasons provided above for Independent Claim 1.

The remaining Dependent Claims are patentable over Skubic and Pfeiffer at least due to

the dependency from claims 1, 7, 12, 14, and 16, and also on their own merits.
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Conclusion

It is believed that all of the pending claims have been addressed. However, the absence
of a reply to a specific rejection, issue or comment does not signify agreement with or
concession of that rejection, issue or comment. In addition, because the arguments made above
may not be exhaustive, there may be reasons for patentability of any or all pending claims (or
other claims) that have not been expressed. Finally, nothing in this paper should be construed as
an intent to concede any issue with regard to any claim, except as specifically stated in this
paper, and the amendment of any claim does not necessarily signify concession of

unpatentability of the claim prior to its amendment.

Please apply any charges or credits to Deposit Account No. 50-0665.

Respectfully submitted,

Date: July 7. 2016 /Vinay Sathe/
Vinay Sathe
Reg. No. 55,595

Perkins Coie LLP

P.O. Box 1247

Seattle, Washington 98111-1247
Telephone: (858) 720-5700
Facsimile: (206) 359-7198
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** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
L1 asic Fee N/A N/A N/A
(37 GFR 1.16(a), (b), or (c))
[] seaRcH FEE N/A N/A N/A
(37 GFR 1.16(k), (i}, or (m))
O
EXAMINATION FEE
(37 CFR 1.16(0), (p), or (q)) N/A N/A N/A
TOTAL CLAIMS . .
(37 CFR 1.16(1)) minus 20 = XS =
INDEPENDENT CLAIMS ) .
(37 CFR 1.16(h)) minus 3 = XS =
If the specification and drawings exceed 100 sheets
0 of paper, the application size fee due is $310 ($155
A;Pé.;(éﬁﬂlgN SIZE FEE for small entity) for each additional 50 sheets or
{ 16(s)) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
—_—
[ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16())
—
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
— 07/07/2016 AETER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
= Joal @7 crm <17 Minus | = 20 -0 x 380 = 0
z | wev -5 vinus | -5 -0 x 5420 0
<§( I:l Application Size Fee (37 CFR 1.16(s))
_—
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))
TOTAL ADD’L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
= AMENDMENT PAID FOR
Z | Total (37 cFr . i o
il R Minus = X $ =
Ind dent . i .
= B Minus - xs -
E D Application Size Fee (37 CFR 1.16(s))
=
< |:| FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 GFR 1.16()))
TOTAL ADD’L FEE

LIE
KIM DOWNING

?his collection of information is required by 37 CF-R 1.186. ?he information is required to obtain or retain a benefit by the public which is to file (and by the USPFO to

process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.

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

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

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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE I UNIT I FIL FEE RECD I ATTY DOCKET.NO ITOT CLA]MSIIND CLAIMSl
14/414,698 01/13/2015 2637 2460 009065-8132.US01 17 5
CONFIRMATION NO. 2029
97075 CORRECTED FILING RECEIPT

ho By 1oy o Ceerd OO0 A A

Seattle, WA 98111-1247
Date Mailed: 05/04/2016

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Denis Andreyevich Khotimsky, Westborough, MA;
LiQuan Yuan, Shanghai, CHINA;
DeZhi Zhang, Shanghai, CHINA;
Applicant(s)
ZTE Corporation, Shenzhen, CHINA
ZTE (USA) Inc., Austin, TX

Power of Attorney: The patent practitioners associated with Customer Number 97075

Domestic Priority data as claimed by applicant
This application is a 371 of PCT/US2013/050533 07/15/2013

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)
CHINA PCT/CN2012/078649 07/13/2012

Permission to Access Application via Priority Document Exchange: Yes
Permission to Access Search Results: No

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 04/18/2015
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/414,698

Projected Publication Date: Not Applicable
Non-Publication Request: No

Early Publication Request: No
Title

OPTICAL NETWORK UNIT POWER MANAGEMENT IN PASSIVE OPTICAL NETWORKS
Preliminary Class

398
Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

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 U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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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

PQ. Box 1450

Alexandria, Virginia 22313-1450
WWW.uspto.gov
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT [

ATTY. DOCKET NO./TITLE |

Denis Andreyevich
14/414,698 01/13/2015

Khotimsky 009065-8132.US01
CONFIRMATION NO. 2029
97075 POA ACCEPTANCE LETTER
Perkins Coie LLP - SDO General

PO Box 1247

O
Seattle, WA 98111-1247

Date Mailed: 04/22/2016

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 04/13/2016.

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

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

/tgebre/
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Doc Code: PA. FTO/AIASZA (87-13)
o \ ‘ f AIAIB2ZA (D7-
Document Description: FPower of Altorney Approved for use through 11/30/2014. OMB 0851-0051

U.3. Patent and Trademark Office; U.S. DEPARTMENT CF COMMERCE
Under the Paperwork Reduction Act of 1665, no persons are required to respond o a collection of information unless it displays a valid OME control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/B2ZE) 1o identify the appiication to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attormey by Applicant form. if neither form PTO/AIA/BZA nor form PTO/AIABZBE identifies the application to which the Power of Altorney is
directed, the Power of Attorney will nol Be recognized in the application.

Application Number 14/414,698

Filing Date January 13, 2015

First Named Inventor Denis Andreyevich Khotimsky

Title OPTICAL NETWORK UNIT POWER MANAGEMENT IN PASSIVE
OPTICAL NETWORKS

Art Unit 2637

Examiner Name Jacob, Oommen

Attorney Docket Number §009065-8132.US01

SIGNATURE of Applicant or Patent Practitioner

Signature /Vinay Sathe/ Date {Optional) Aprii 13, 2016
Name Vinay Sathe Eﬁ?{ﬁ;ﬁ“"” 55,595

Title (if Applicantis a
juristic entity)

Applicant Name (if Applicant is a juristic entity)

NOTE: This form must be signed in accordance with 37 CFR 1,33, See 37 CFR 1.4(d) for signature requiraments and certifications. If
more than one applicant, use multiple forms.

*Total of 1 forms are submitted.

This collection of information is required by 37 CFR 1,131, 1.32, and 1.33. The information is required to obtain or retain a benefit by
the public which is to file (and by the USPTO {o process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.11 and 1.14. This collection is estimated 1o take 3 minutes io complete, including gathering, preparing, and submitling the completad
application form 10 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 Gfficer, 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.

f you need assistance in complefing the form, cail 1-800-PTO-9199 and select oplion 2.
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Dog Code: PA..

s PTOMIABRZE (07-13

Document Description: Power of Attomey Roproved for usa through 113012044, OMB 0650051
. .S Patant and Trademark Cffice; U.S, DEPARTMENT OF COMMERCE

pend to a ion of ir ion unless it displays & valid OMB control number

POWER OF ATTORNEY BY APPLICANT

Under the Paperwork Reduction At ef 1995, no persons are reguired to

N

| hersby revoke all previous powers of attorney given in the application identified in gither the attached transmittal letter or
the boxes below.

Application Number \ Filing Date
\

{Note: The baxes above may be left blank if information is provided on form PTO/AIA/B2A.)

| hereby appuoint the Patent Practitioner{s} associated with the following Customer Number as myfour attomey(s) or ageni(s}, and
to transact all business in the United States Patent and Trademark Office connected therewith for the application referenced in
the attached transmittal letter (form PTO/AIA/B2A) or identified above:

OR 97075

I:I | hereby appoint Practitioner{s) named in the altached list {formy PTO/AIA/82C) as my/our attomey(s) or ageni(s), and lo transact
alt business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the
attached transmittal letter (form PTO/AIA/S2A) or identified above. {Note: Complete form PTQIAIA/B2C.)

Please recognize or change the carrespondence address for the application identified in the attached transmittal
letter or the boxes above fo:

The address associated with the above-mentioned Custamer Number
OR

D The address assotiated with Customer Number:

OR

Firm or
Individual Name

Address
City | State | E
Country
Telephons | Ermait |

t am the Applicant (if the Applicant is & juristic entity, list the Applicant name in the box):

ZTE Corporation

D fnventor or Joint inventor (iitie not required betow}
D Legal Representative of a Deceased or LLegally incapacitated Inventor (title not required below)
Assignee or Person to Whom tha Inverilor is Under an Obligation to Assign (provide signar’s fitie if applicant is a juristic entity)
I:I Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., & petition under 37 CFR 1.46(b}{2) was granted in the '
application or is congurrently being filed with this document) (provide signer's title if applicant is a juristic entity)
SIGNATURE of Applicant for Patent
The undersigned {whose title is supplied below) is authorized to act on behalf of the applicant {e.g., where the applicant is a juristic entity).

Signature N Aamditann  ThA o | Date (Optional) |
Narne XianyagZhou

Tite 200 Dwedoy

NOTE: Signature - This form musk be signed by the applicant in accordance with 37 CFR 1,33, See 37 CFR 1.4 for signafure requirements
and ceriiications. If more than one applicant, use multiple farms.

T_ota{ af 1 forms are submitied.

—

This colleclion of informalion is required by 37 CER 1,131, 1.32, and 1.33. The Information is requited to obtain or retain a benefit by the pubilc which is to file (and by the
USPTQ to process) an application. Confidentiality is governed by 35 L.8.C. 122 and 37 CFR 1.11 and 1.14. This colleclion is eslimated 10 take 3 minutes o complele,
including gatherng, prepering, and submitiing the comploted application forn ta the USPTO. Time wilf vary depenting upon the Individuz! case, Any comments an the ampunl
of hmie you require 1o complete this farm antilor suggestions for reducing tis burden, should be sent Lo tha Chief Iriformallon Officer, U 8. Patent and Tradentark Qffice, U.S.
Department of Commerce, P.O Box 1450, Alexandria, VA 22313-1450. DG NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS SEND TO: Eommissicnsr
for Patents, P.0. Box 1450, Alexandria, VA 22313-1450,

if you need assistance in completing the form, caif 1-800-PT0-8199 and sefect oplion 2.
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Doc Code: PA. FTO/AIASZA (87-13)
o \ ‘ f AIAIB2ZA (D7-
Document Description: FPower of Altorney Approved for use through 11/30/2014. OMB 0851-0051

U.3. Patent and Trademark Office; U.S. DEPARTMENT CF COMMERCE
Under the Paperwork Reduction Act of 1665, no persons are required to respond o a collection of information unless it displays a valid OME control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/B2ZE) 1o identify the appiication to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attormey by Applicant form. if neither form PTO/AIA/BZA nor form PTO/AIABZBE identifies the application to which the Power of Altorney is
directed, the Power of Attorney will nol Be recognized in the application.

Application Number 14/414,698

Filing Date January 13, 2015

First Named Inventor Denis Andreyevich Khotimsky

Title OPTICAL NETWORK UNIT POWER MANAGEMENT IN PASSIVE
OPTICAL NETWORKS

Art Unit 2637

Examiner Name Jacob, Oommen

Attorney Docket Number §009065-8132.US01

SIGNATURE of Applicant or Patent Practitioner

Signature /Vinay Sathe/ Date {Optional) Aprii 13, 2016
Name Vinay Sathe Eﬁ?{ﬁ;ﬁ“"” 55,595

Title (if Applicantis a
juristic entity)

Applicant Name (if Applicant is a juristic entity)

NOTE: This form must be signed in accordance with 37 CFR 1,33, See 37 CFR 1.4(d) for signature requiraments and certifications. If
more than one applicant, use multiple forms.

*Total of 1 forms are submitted.

This collection of information is required by 37 CFR 1,131, 1.32, and 1.33. The information is required to obtain or retain a benefit by
the public which is to file (and by the USPTO {o process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.11 and 1.14. This collection is estimated 1o take 3 minutes io complete, including gathering, preparing, and submitling the completad
application form 10 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 Gfficer, 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.

f you need assistance in complefing the form, cail 1-800-PTO-9199 and select oplion 2.

Exhibit 1002
IPR2024-00899, USPN 9,806,892
114 of 362



Doc Code: PA.

b N ¥ FTO/AIAIRZEB {(07-13)
Document Description: Power of Attorney Approved for use through 11/30/2014, OMB 0851-0051
U.3. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1865, no persons are required to respond o a cotlection of information unless it displays a valid OME controf number

POWER OF ATTORNEY BY APPLICANT

| hereby revoke all previcus powers of attorney given in the application identified in either the attached transmittal letter or
ihe boxes below.

Application Number Filing Date

{(Note: The boxes above may be left blank if information is provided on form PTO/AIA/E2A)

i hereby appoint the Patent Practitioner(s) associated with the following Customer Number as my/our atiomey(s) or agent(s), and
1o transact all business in the Uniled Slates Patent and Trademark Office connected therewith for the application referenced in
the attached transmittal letter {form PTO/AIA/B2A) or identified above:

or 97075

D | hereby appoint Practitioner(s) named in the attached list (form PTO/AIA/B2C) as my/our altorney(s) or agent(s), and to transact
ali business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the
attached transmittal letter form PTO/AIA/SZA) or identified above. (Note: Complete form PTO/AIA/SZC)

Please recognize or change the correspondence address for the application identified in the attached transmittal
ietter or the boxes above to:

The address associated with the above-mentioned Customer Number
OR

D The address associated with Customer Number:
GR

Firm or
individual Name

Address

City State Zip
i !
Country

Telephone i Ernail !

| am the Applicant {if the Applicant is a juristic entity, list the Applicant name in the box):

ZTE (USA) Inc.

[:] inventor or Joint inventor (title not required below)

E:] Legal Representative of a Deceased or Legally incapacitated Inventor (title not required below)

AAAAAAA Assignee or Person to Whom the [nventor is Under an Obligation to Assign (provide signer's title if applicant is a juristic entity}

D Person Who Otherwise Shows Sufficient Propristary interest (.., a petition under 37 CFR 1.48(0)(2) was granted in the

appiication or is concurrently being filed with this document) (provide signer's titie if applicant is a juristic entity)

SIGNATURE of Applicant for Patent

The undersigned {whoseditle is supplied below) is authorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity).

Signature P A S Date {Opticnal) |

Narmie "Jim Wanad/

Titie CLR

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for sighature regquirements
and certifications. If more than one appilicant, use multipie forms.

Teizai of 1 forms are submitted.

This coliection of information is reguired by 37 CFR 1.131, 1.32, and 1.33. The information is required {0 obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an ap tion. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 3 minutes to complete,
ding gathering, prepa submitting the completed application form to the USPTO. Time will vary depending upen the individual case. Any commenis on the amount
ui 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.C. Box 1450, Alexandria, VA 22312-1459. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

if you need assistance in completing the form, call 1-800-PT0-8188 and select option 2.
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Under the Papeowvonk Reduetion Setaf 1885, no pemans e reguired o spsind o & collsstios

Altorney Dooket Nurmber | 008085 8132.U801

Application Data Sheet 37 COFR 1.78
Application Number

Tithe of lnvention | OFTICAL NETWORK UNMT POWER MANAGEMENT N PASSIVE OPTICAL NETWORKS

Sﬁ@mcy Order 37 CFR 8.2

s Porions or ail of the application associated with thiz Application Date Bhest mey Tall under 8 Sscrsey Qrder pursuant o
37T OFR 8.2 (Papey flers only, Applications thal fall under Secrecy Order may nd be filad aleg i'm\:caiiw

f—

Inventor Informationm

Inventor 14
Logal Nams

Prafixi Glven Name Bliddle Nams Family Nams Buf¥in
anig Andrayevich Khntimsky

Mo LIS Residensy C} Active US Mitary Senvice

Us

Residence Information (Sslest Une) (@ US Residency
City Wasthaoraugh S\tawipm\emcs j Ma

Mailing Address of Inventon

Sxldross 4 FT Ghany Strzet
Aglddress 3
City | Wastborough | StateiProvinee | MA
Fostal Cade 31581 Counlry us
inventor 2
Lagal Name
Prefix, Given Name Biddls Namg Family Name Bufix
LiGuan A
Hesidencs Information (Sslect v (O US Residency @ Hon US Hagidenny () Acthe U3 Miitary Bandc
Lity | Shanghal {Zountry of R""S?x BNCE O
Blalling Addraas of nventon
Scldrang 4 HAES BiBo Roud
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negotiations.
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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 bhe disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

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

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)
14/414,698 KHOTIMSKY ET AL.

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
OOMMEN JACOB 2637 SN‘Z‘“S

-- 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.
- |If NO pericd 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)X] Responsive to communication(s) filed on 01/13/2015.
[] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon ____.
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)O 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)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5)[X] Claim(s) 1-17is/are pending in the application.

ba) Of the above claim(s) is/are withdrawn from consideration.
6)[1 Claim(s) is/are allowed.
7)X Claim(s) 1-17 is/are rejected.
8)[] Claim(s is/are objected to.

)
9)[] 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

hitp/Aaww. usplo.aov/patenis/init_events/peh/indax.jsp or send an inquiry to PPHiesedback@uspio.goy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)X] The drawing(s) filed on 01/13/2015 is/are: a)}X 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)X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or ().
Certified copies:
a)X Al b)[] Some** ¢)[] None of the:
1.[X] Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.
3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) & Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
. . Paper No(s)/Mail Date. .
2) x Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 l:l Other-
Paper No(s)/Mail Date 06/19/2015. 07/29/2015. ) ther:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20160401
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Application/Control Number: 14/414,698 Page 2
Art Unit: 2637

DETAILED ACTION

Notice of Pre-AIA or AIA Status

1. The present application is being examined under the pre-AIA first to invent provisions.

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 of this title, 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
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.

2. Claims1-17 rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable over
Skubic [US PUB NO: 2012/0166819] in view of Pfeiffer [US PUB NO: 2009/0201840].

As perclaims 1,7

Skubic teaches a method of optical communication in a passive optical network,
comprising:

operating an optical network unit (ONU) in a first state in which a transmitter of the ONU
is turned off and a receiver of the ONU is turned on (Skubic table 1 “Listen”);

operating the ONU in a second state in which both the transmitter and the receiver are
turned off (Skubic table 1 “asleep’); and

Skubic does not expressly teach transitioning the ONU directly between the first state and
the second state, based on a power management rule.

Pfeiffer teaches method for transitioning directly between the first state and the second
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state, based on a power management rule (Pfeiffer Fig 9, transitioning from 345 to 320 are based
on the states).

At the time if invention it would have been obvious to a person of ordinary skill in the art
to modify power management scheme as in Skubic by integrating transitioning from listen to
sleep directly. Motivation would be to go to sleep mode if messages are not being received
(Pfeiffer §0045).

As per claims 2, 8

Skubic in view of Pfeiffer teaches claims 1, 7 as discussed above.

Skubic in view of Pfeiffer further teaches operating the ONU in a third state in which
both the transmitter and the receiver are turned on (Skubic Table 1, “activeheld” or “activefree”
states).

As per claims 3. 9. 14, 16

Skubic in view of Pfeiffer teaches claims 1, 7 as discussed above.

Skubic in view of Pfeiffer further teaches receiving, by the receiver, a power
management message from an optical line terminal (OLT); and configuring the power
management rule based on the received power management message (Skubic Fig 1, 0031
“Each state machine has a set of states, and transitions between states in response to one or
more of: signaling 33 sent between the OLT 20 and ONU 10; signaling 34 sent between the ONU
10 and OLT 20™).

As per claims 4, 10, 15, 17

Skubic in view of Pfeiffer teaches claims 1, 7 as discussed above.

Skubic in view of Pfeiffer further teaches wherein the power management rule specifies a
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first time period for operation in the first state (Pfeiffer Fig 9, 0045 “listen timeout™) and a
second time period for operation in the second state (Skubic Fig 2 “Tsleep”) and wherein the
transitioning is performed upon expiration of at least one of the first time period and the second
time period (Pfeiffer Fig 9, 0045 “If the listen timeout expires before the end node 30 receives a
message, the second sleep interval is set and the end node 30 enters the second sleep state 3307).

As per claim 5

Skubic in view of Pfeiffer teaches claim 1 as discussed above.

Skubic in view of Pfeiffer further teaches transmitting, to an optical line terminal, a
message indicative of the transitioning between the first state and the second state (Skubic Fig 1
item 33, 0031 “The state machine 52 corresponding to each ONU 10 is updated in response to
signaling messages 33, 34 between the ONU 10 and OLT 20™).

As per claims 6, 11

Skubic in view of Pfeiffer teaches claims 1, 7 as discussed above.

Skubic in view of Pfeiffer further teaches receiving, by the receiver, a power
management message from an optical line terminal; and performing the transitioning responsive
to the received power management message (Skubic Fig 1, Y0031 “Each state machine has a set
of states, and transitions between states in response to one or more of: signaling 33 sent between
the OLT 20 and ONU 10; signaling 34 sent between the ONU 10 and OLT 20”") and a local
decision to change an operational state (Skubic 0032).

As per claims 12-13

Claims 12-13 have limitations similar to claims 1-2 and are rejected for same reasons as

above over Skubic in view of Pfeiffer.
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Skubic in view of Pfeiffer further teaches an optical communication apparatus,
comprising: a memory that stores processor-executable instructions; and a processor that uses the

stored instructions to implement the method of claims 1, 4 (Skubic §0012).

Conclusion
3. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to OOMMEN JACOB whose telephone number is (571)270-5166.
The examiner can normally be reached on Monday - Friday, 8:00 a.m. - 5:00 p.m., EST.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, DAVID PAYNE can be reached on (571) 272-3024. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

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

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

/OOMMEN JACOB/
Primary Examiner, Art Unit 2637
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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

[1 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 signhature 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 /Vinay Sathe/ Date (YYYY-MM-DD) 2015-07-29

Name/Print Vinay Sathe Registration Number 55595

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 USPTQO. 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,
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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 sclicited
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 cor patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/cr examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.
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The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
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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 disclesure 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 cpen to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application Number 14414698
Filing Date 2015-01-13

INFORMATION DISCLOSURE

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

First Named Inventor | Denis Andreyevich Khotimsky
Art Unit |
Examiner Name |

Attorney Docket Number ‘ 009065-8132.US01

ELECTRONICS AND
1 2008/038981 wo A1l 2008-04-03 | TELECOMM RESEARCH ]
INSTITUTE

If you wish to add additional Foreign Patent Decument 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
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
publisher, city and/or country where published.

Examiner| Cite
Initials* | No

International Search Report and Written Opinion mailed on Qctober 22, 2013 for International Application No. PCT/ D
US2013/050533, filed July 15, 2013 (10 pages).

2 ITU-T Telecommunication Standard Sector of ITU, “10-Gigabit-capable passive optical networks {XG-PON): I:l
Transmission convergence (TC) layer specification,” G.987.3, 131 pages, Cctober 2010.

If you wish to add additional non-patent literature document citation information please click the Add button  Add
EXAMINER SIGNATURE
Examiner Signature /Commen Jacob/ Date Considered 04/02/2016

*EXAMINER: Initial if reference considered, whether or not citaticn 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 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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Application Number 14414698

Filing Date 2015-01-13

INFORMATION DISCLOSURE

First Named Inventor | Denis Andreyevich Khotimsky

STATEMENT BY APPLICANT

- Art Unit |
( Not for submission under 37 CFR 1.99)

Examiner Name |

Attorney Docket Number ‘ 009065-8132.US01

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
[] 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

[1 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 signhature 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 /Hwa C. Lee 59747/ Date (YYYY-MM-DD) 2015-06-19

Name/Print Hwa C. Lee Registration Number 59747

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 USPTQO. 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: 06/19/2015 14414698 ~ GAU: 2637

Privacy Act Statement

1.

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 sclicited
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 cor patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/cr 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:

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

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

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

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

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

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

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclesure 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 cpen to public inspections or an issued patent.

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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
Denis Andreyevich
14/414,698 01/13/2015 Khotimsky 009065-8132.US01
CONFIRMATION NO. 2029
97075 PUBLICATION NOTICE

Perkins Coie LLP - SDO General

PO Box 1247 R A

Seattle, WA 98111-1247 000000076722868

Title:OPTICAL NETWORK UNIT POWER MANAGEMENT IN PASSIVE OPTICAL NETWORKS

Publication No.US-2015-0222440-A1
Publication Date:08/06/2015

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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Doc code: IDS PTO/SB/08a (01-10)

T . . . 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 COMMERCE

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

Application Number 14414698
Filing Date 2015-01-13

INFORMATION DISCLOSURE

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

First Named Inventor | Denis Andreyevich Khotimsky
Art Unit |
Examiner Name |

Attorney Docket Number ‘ 009065-8132.US01

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns Lines where
e 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
A Cite No . Relevant Passages or Relevant
Initial Number Code’| Date of cited Document -
Figures Appear
1 20120128357 Al 2012-05-24 Mukai et al.
2 20120166819 A1 2012-06-28 Skubic 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 | Number2 Code? j Code?| Date PP Passages or Relevant
Document .
Figures Appear
1 ]

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

NON-PATENT LITERATURE DOCUMENTS Remove
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Application Number 14414698
Filing Date 2015-01-13

INFORMATION DISCLOSURE

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

First Named Inventor | Denis Andreyevich Khotimsky
Art Unit |

Examiner Name |

Attorney Docket Number ‘ 009065-8132.US01

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}, Ts
publisher, city and/or country where published.

Examiner| Cite
Initials* | No

European Search Report mailed on July 7, 2015 for European Application No. 138160346, filed July 15, 2013 (¥ D
pages).

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

EXAMINER SIGNATURE

Examiner Signature Date Considered

*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.
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Application Number 14414698

Filing Date 2015-01-13

INFORMATION DISCLOSURE

First Named Inventor | Denis Andreyevich Khotimsky

STATEMENT BY APPLICANT

. Art Unit |
( Not for submission under 37 CFR 1.99)

Examiner Name |

Attorney Docket Number ‘ 009065-8132.US01

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
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 setforth 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 /Vinay Sathe/ Date (YYYY-MM-DD) 2015-07-29

Name/Print Vinay Sathe Registration Number 55595

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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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 tc 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 submissicn, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

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

1.

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

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

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

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required tc 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.S5.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

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

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

EFS ID: 23061586
Application Number: 14414698
International Application Number:
Confirmation Number: 2029

Title of Invention:

NETWORKS

OPTICAL NETWORK UNIT POWER MANAGEMENT IN PASSIVE OPTICAL

First Named Inventor/Applicant Name:

Denis Andreyevich Khotimsky

Customer Number:

97075

Filer:

Vinay Padmakar Sathe/Jennifer Payne

Filer Authorized By:

Vinay Padmakar Sathe

Attorney Docket Number:

009065-8132.US01

Receipt Date: 29-JUL-2015
Filing Date: 13-JAN-2015
Time Stamp: 16:48:47

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment no
File Listing:
Document o . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
612229

Form (SB08)

Information Disclosure Statement (IDS)

2015-07-29_IDS-SB08.PDF

no 4

ce422ea65b6c76a20dce3b91d83579803b1
766e2

Warnings:
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537844

2 Non Patent Literature EPSR070715_EPO0O0.PDF no 7
d784ecfobb95a1869ef6602594296¢93580!1
0f3e
Warnings:
Information:
Total Files Size (in bytes):l 1150073

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
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Docket No. 009065-8132.US01
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of
Denis Andreyevich Khotimsky et al.

Application No.: 14/414,698 Confirmation No.: 2029
Filed: January 13, 2015
For: OPTICAL NETWORK UNIT POWER

MANAGEMENT IN PASSIVE OPTICAL
NETWORKS

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

DECLARATION AND ASSIGNMENT BY THE INVENTOR

I, Denis Andreyevich Khotimsky of Westborough, Massachusetts, hereby declare that:

I believe I am the sole original inventor or an original joint inventor of a claimed

invention in a patent application entitled:

OPTICAL NETWORK UNIT POWER MANAGEMENT IN PASSIVE OPTICAL
NETWORKS

the specification of which:
X was filed at the U.S. Patent and Trademark Office on January 13, 2015, as
Application Serial No. 14/414,698, and identified as Attorney Docket No. 009065-8132.USO1.
= was described and claimed in PCT International Application No.
PCT/US2013/050533 filed on July 15, 2013.

I believe the following persons are additional original joint inventors of the above-
identified patent application:

LiQuan Yuan of Shanghai, P.R. China; and

DeZhi Zhang of Shanghai, P.R. China.

The above-identified application was made or authorized to be made by me.

I have reviewed and understand the contents of the above-identified patent application

including the claims.

LEGAL125846548.1
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Inventor : Denis Andreyevich Khotimsky et al. Docket No. 009065-8132.US01
Appl. No. : 14/414,698

Filed : January 13, 2015

Page : 20f3

I am aware of the duty to disclose to the U.S. Patent and Trademark Office all

information known to me to be material to patentability as defined in 37 CFR §1.56.

I hereby acknowledge that any willful false statement made in the above declaration is

punishable under 18 USC §1001 by fine or imprisonment of not more than five (5) years, or both.

ASSIGNMENT

I hereby assign to ZTE (USA) Inc., a corporation of New Jersey, having a place of
business at 2425 North Central Expressway, Suite 800, Richardson, Texas 75080, and its
successors and assigns (collectively hereinafter called “the Assignee”), the entire right, title and
interest throughout the world in any and all inventions and improvements which are described in
an application for United States Patent filed by me, entitled OPTICAL NETWORK UNIT
POWER MANAGEMENT IN PASSIVE OPTICAL NETWORKS, filed on January 13, 2015, and
assigned U.S. Application Number 14/414,698.

This assignment includes the entire right, title and interest in said application, all legal
equivalents thereof in any country, any and all United States and foreign patents, utility models,
and design registrations granted for any of said inventions and improvements, including, but not
limited to, all divisions, continuations, reissues, reexamination certificates, any and all
certificates issued in any post-grant proceeding, and extensions of said applications and patents
of the United States, foreign patents, utility models, and design registrations, and the right to
claim priority based on the filing date of said application under the International Convention for
the Protection of Industrial Property, the Patent Cooperation Treaty, the European Patent
Convention, and all other treaties of like purposes, and the right to seek relief and recover all
damages, including, but not limited to, a reasonable royalty, by reason of infringement or any
other violation of patent or patent application rights. I authorize the Assignee to apply in all
countries in my name or in the name of the Assignee for patents, utility models, design
registrations and like rights of exclusion and for inventors' certificates for said inventions and
improvements.

In addition, I hereby confirm the sale, assignment, and transfer to the Assignee of the
entire right, title and interest throughout the world in said inventions and improvements that
occurred by operation of an employment agreement between me and the Assignee existing at the

time said inventions and improvements were made. Should I have any remaining interest, I

LEGAL125846548.1
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Application Number 14414698
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First Named Inventor | Denis Andreyevich Khotimsky
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INSTITUTE
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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
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Application Number 14414698

Filing Date 2015-01-13

INFORMATION DISCLOSURE

First Named Inventor | Denis Andreyevich Khotimsky

STATEMENT BY APPLICANT

. Art Unit |
( Not for submission under 37 CFR 1.99)

Examiner Name |

Attorney Docket Number ‘ 009065-8132.US01

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
[] 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 setforth 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 {Hwa C. Lee 59747/ Date (YYYY-MM-DD) 2015-06-19

Name/Print Hwa C. Lee Registration Number 59747

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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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 tc 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 submissicn, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

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

1.

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

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

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

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required tc 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.S5.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

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

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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(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
3 April 2008 (03.04.2008)

(10) International Publication Nunmiber

WO 2008/038981 A1l

(51D

(e2Y)

(22)

International Patent Classification:
HO04B 10/13 (2006.01)

International Application Number:
PCT/KR2007/004678

International Filing Date:
21 September 2007 (21.09.2007)
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Seo-gu, Daejeon 302-170 (KR).
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[KR/KR]; 1714-504 Jukong Apt., Hwajeong-dong, De-
okyang-gu, Goyang, Gyeonggi-do 412-270 (KR). KIM,
Bong-Tae [KR/KR]; 106-703 Hanvit Apt., Eoeun-dong,

Apt., Galma-dong,
KIM, Yong-Tae

(25) Filing Language: English Yuseong-gu, Daejeon 305-755 (KR).
(26) Publication Language: English (74) Agent: C & S LOGOS PATENT AND LAW OFFICE;
(30) Priority Data: 13th Floor, Seocho-Pyunghwa Building, 1451-34 Seocho-

(Y]

72)
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10-2006-0096421
29 September 2006 (29.09.2006) KR

Applicant (for all designated States except US): ELEC-
TRONICS AND TELECOMMUNICATIONS RE-
SEARCH INSTITUTE [KR/KR]; 161 Gajeong-dong,
Yuseong-gu, Daejeon 305-350 (KR).

Inventors; and

Inventors/Applicants (for US only): KIM, Sung-Chang
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[Continued on next page]

(54) Title: AUTOMATIC OPTICAL POWER CONTROL METHOD FOR OLT IN PON

START AUTOMATIC
POWER CONTROL “-100

(5§7) Abstract: Provided is an automatic optical power control method for
an optical line terminal (OLT) of a passive optical network (PON). The au-

tomatic optical power control method includes at the OLT, measuring an

TRANSMITTER'S POWER VARIABLE Podt
TRANSMITTER'S OPTIMUM POWER
VARIABI = Popt, AUTOMATIC ONL

allowable range of the optical power allowing a normal network operation
on the PON, at the OLT, setting an optimum optical signal level within the

DISCOVERY TIMER d_timer, - 101 ! . .
TRANSHMITTER STATE, OFF measured allowable range of the optical power, and at the OLT, adjusting a
l power level of a transmitter to the set optimum optical signal level. Accord-

MEASURE ALLOWABLE OPTICAL
POWER RANGE OF OLT TRANSMITTER

|«woz

ingly, an appropriate power level can be selected depending on an optical
distribution network (ODN) structure to drive the transmitter. Also, when

v the entire optical network units are deactivated, a laser of the transmitter is
DL ILITMINL O HIMUM O [TCAL PR .
POWER WITHIN ALLOWABLE 103 turned off to thereby minimize unnecessary power consumption at the OLT.
OPTICAL POWER RANGE
—+ Poct
SFT TRANSMITTFR'S POWFR 104
AS Pout = Popm AND AGTIVATE ONUS
I
Y
CONVFI~ OPFRATION STATF OF
Ol T INTO NORMAI OPFRATION STATF
COMMUNICABLL WITH ONUS 105

NUMBER OF
ACTIVATED ONUS = 02,

~—
108

|\409

I POWER SAVING MODE
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Description

AUTOMATIC OPTICAL POWER CONTROL METHOD FOR

(1]

(2]

(3]

(4]

[5]

(6]

[7]

OLT IN PON
Technical Field

The present invention relates to a passive optical network (PON) system based on a
time division multiple access (TDMA) mode, and more particularly, to an automatic
optical power control method for an optical line terminal (OLT) in a TDMA-based
PON.

Background Art

PON technology is one of the fiber-to-the home (FTTH) technologies suggested to
effectively provide a necessary band for a subscriber terminal. As illustrated in FIG. 4,
a conventional PON is usually configured in a point-to-multipoint structure in which a
plurality of optical network units (ONUs) 402 commonly share one OLT 401 through a
passive device such as an optical distributor 403. Standardization association groups
including International Telecommunication Union-Telecommunication Standardization
Sector (ITU-T) and Institute of Electrical and Electronics Engineers (IEEE) have
standardized asynchronous transfer mode-passive optical network (ATM-PON),
Ethernet passive optical network (E-PON) and Gigabit passive optical network
(G-PON) as a FTTH network having such a PON structure.

An optical transfer network between the OLT 401 and the corresponding ONUs 402
is called an optical distribution network (ODN), and the ODN is configured in a tree
structure.

If the ODN structure is formed in multiple steps, the OLT 401 and the individual
ONUs 402 are spaced away from each other, or these two cases co-exist, a signal level
is likely attenuated, and thus, maximum optical power is often required. For this
reason, when data are transmitted from the OLT 401, it is generally mandated to use an
optical signal at maximum power.

However, because of the characteristics of the PON, which can have various ODN
structures and variable distances to the ONUs, an optical signal at maximum power is
usually unnecessary in most cases. Even though all of the ONUs 402 connected to the
OLT 401 turn off during the operation of the PON, the OLT 401 transmits the optical
signal, thereby increasing unnecessary power consumption.

As one example of the conventional optical power control methods, Korean patent
laid-open number 2005-0051997 disclosed on June 2, 2005 in the name of "Remote
Power Control Apparatus and Method for PON System" proposes a method and
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apparatus for remote controlling the intensity of a burst mode signal that ONUs
transmit to an OLT in an E-PON. In detail, a signal intensity detector that detects the
intensity of a received signal at a receiving unit of the OLT is provided to help the
OLT to control an appropriate power intensity of an optical signal of each of the
ONUs s, so that the magnitude of the optical signal received at the OLT is uniform.

[8] As another example, Korean patent laid-open number 2005-0005602 disclosed on
January 14, 2005 in the name of "Optical Signal Power Level Measuring Apparatus
and OLT (Optical Line Termination) Having the Apparatus in Gigabit passive optical
network" suggests an apparatus for measuring an optical signal power level in a G-
PON and an OLT including the same apparatus. Due to the characteristics of the G-
PON, optical power is adjusted when the optical power level of an ONU is out of a
predetermined range, and not adjusted when the optical power level is within the pre-
determined range. On the basis of this fact, the intensity of an optical signal is not
measured precisely but compared with a predetermined critical level. If necessary, an
indication signal for adjusting the power level is generated.

[9] As described above, the optical power control in the typical PON proceeds by which
the OLT adjusts the optical power at the ONU side to be in an appropriate range.
Hence, a range of the optical signal that has to be processed at an OLT receiver
decreases to reduce the power consumption and errors. However, optical power control
at an OLT transmission side has not yet been suggested.

[10]

Disclosure of Invention

Technical Problem

[11] The present invention has been made to solve the foregoing problems of the prior art
and it is therefore an object of certain embodiments of the present invention to provide
an automatic optical power control method for an OLT in a PON allowing minimum
power consumption at the OLT.

[12] Another object of the present invention is to provide an automatic optical power
control method for an OLT in a PON controlling optical power by finding out an ap-
propriate optical power level according to ODN structures different from each other
and a distance between the OLT and an optical network by using software instead of
hardware.

[13] Further another object of the preset invention is to provide an automatic optical
power control method for an OLT in a PON capable of reducing unnecessary power
consumption when network devices connected to the OLT are deactivated during the
operation of the network devices.

[14]
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[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

Technical Solution

According to an aspect of the present invention, there is provided a method for auto-
matically controlling optical power in an OLT of a PON, the method comprising:
measuring an allowable range of the optical power allowing a normal network
operation on the PON, setting an optimum optical signal level within the measured
allowable range of the optical power, and adjusting a power level of a transmitter to the
set optimum optical signal level.

The method may further comprise performing an ONU activation procedure of
discovering ONUs operating in every predetermined period and registering the
discovered ONUs when the OLT operates, checking the number of the activated ONUs
after the ONU activation procedure, and performing a power saving mode of turning
off power of the transmitter if the number of the activated ONUs is O.

It is to be understood that both the foregoing general description and the following
detailed description of the present invention are exemplary and explanatory and are

intended to provide further explanation of the invention as claimed.

Advantageous Effects

According to various embodiments of the present invention, in an OLT system based
on a PON, particularly, a TDMA-based PON, an appropriate power level is selected
according to an ODN structure of the corresponding PON, and an optical transmitter
drives based on this selection. Furthermore, when all of the ONUs are not operating, a
laser of the optical transmitter is turned off. As a result, unnecessary power
consumption in the OLT can be minimized. Also, the power level of the OLT can be
automatically controlled based on the operation of software without configuring an
additional physical device or means, and thus, the automatic power level control can be
implemented simply and cost-effectively in the conventional OLT.

Brief Description of the Drawings

The above and other objects, features and other advantages of the present invention
will be more clearly understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:

FIG. 1 is a flowchart to illustrate an overall procedure of an automatic optical power
control method according to an embodiment of the present invention;

FIG. 2 is a flowchart to illustrate a detailed procedure of measuring an allowable
range of power in respect of the automatic optical power control method according to
an embodiment of the present invention;

FIG. 3 is a operational flowchart to illustrate a detailed power saving procedure in
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[25]
[26]

[27]

[28]
[29]

[30]

[31]

[32]

[33]

[34]

[35]

respect of the automatic optical power control method according to an embodiment of
the present invention; and

FIG. 4 illustrates a configuration diagram of a typical PON.

Best Mode for Carrying Out the Invention

The present invention will now be described more fully hereinafter with reference to
the accompanying drawings, in which preferred embodiments of the invention are
shown. It should be noted that those known functions and configurations related to the
present invention will not be described in detail if it is determined that the detailed de-
scription thereof may make the scope of the present invention ambiguous.

Also, like reference numerals denote like elements throughout different drawings.

Hereinafter, a procedure of activating ONU(s) is the generally known mechanism
applied to automatically discover the operating ONU(s) while being connected to a
PON at an OLT side. Particularly, embodiments described herein are directed to adjust
a power level of an OLT not to activate ONU(s) in order to automatically discover the
ONUs. Thus, the ONU activation procedure will be not described in detail.

FIG. 1 is a flowchart to illustrate an overall procedure of an automatic optical power
control for an OLT in a PON according to an embodiment of the present invention.

Particularly, an optical subscriber network with a TDMA-based PON structure will
be mainly described in this embodiment illustrated in FIG. 1.

The automatic optical power control method includes measuring an allowable range
of optical power of the OLT in the PON (i.e., "power ranging mode", and selecting an
optimum optical signal level within the allowable range of the optical power of the
OLT and operating the PON. The automatic optical power control method may further
include minimizing the power consumption when all of the ONUs turn off while the
PON is operating (i.e., "power saving mode".

With reference to FIG. 1, the automatic optical power control method will be
described in detail.

As mentioned above, the automatic optical power control method according to the
present embodiment is implemented in the OLT of the TDMA-based PON. In detail,
the automatic optical power control takes place at a control block controlling the
operation of the OLT. Power is first applied to the OLT to initialize a system. During
this procedure, the automatic optical power control can be instigated by a command
from a network operator.

In operation of 100, the automatic power control starts, and in operation of 101,
variables necessary for the automatic power control and a state of an optical transmitter
of the OLT are initialized.
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[37]
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The variables for the automatic power control include a variable P o variable P ;
oul op
and a timer variable d_timer. The variable P indicates a power level of the OLT

out

optical transmitter. The variable POPL indicates an optimum power level of the OLT
optical transmitter, and the timer variable d_timer estimates a period for discovering
one or more than one new ONU at the OLT. The timer variable d_timer is initialized in
every certain period of time T, and provides information on an automatic discovery
period T for the new ONU. The variables Pcut and Popt and the time variable d_timer are
initialized to a value of '0'. The OLT optical transmitter is initialized to an off state in
which an optical signal is not transmitted.

In operation of 102, an allowable range of optical power of the OLT in the current
PON is measured. That is, the power ranging mode is performed. The allowable range
of the optical power of the OLT is defined from a minimum power level at which
power is in an on-state on the current PON, i.e., data can be transmitted to ONU(s) that
can transmit and receive an optical signal to a maximum power level that the OLT
optical transmitter can generate. A minimum power level of the allowable optical
power range can be determined by repetitively performing an activation procedure of
discovering one or more than one ONU while changing a power level of the optical
transmitter and a deactivation procedure of canceling the discovered ONU(s) and
comparing the number of the discovered ONU(s) at different power levels with each
other. Preferably, the lowest power level at which the ONU(s) can be discovered as
same as the number of the discovered ONU(s) at the maximum power level is set as
the minimum power level. The operation 102 of measuring the allowable optical power
range of the OLT will be better understood in FIG. 2

After the allowable optical power range of the OLT is measured, in operation of 103,
an optimum optical power level is selected within the measured allowable range of the
optical power so as to be set as a value of the variable P . If the optimum optical
power level is set based on the minimum power level Wlthm the allowable optical
power range, the optimum optical power level include an offset value for the ONU(s)
added after the optical power is set according to the present embodiment. That is, the
optimum optical power level is set as P (dBm) =P@3)+P , where 'l'is a power
level, wherein 1=i=k, k being the max1mum power level. He;eln P0 . is an offset
power level for one or more than one ONU additionally connected to the PON after the
optical power level of the OLT is set,and P (dBm) is defined as 'Lmax X 0.2 dBm'
as shown in FIG. 4. The reference label 'erfa;(e is a maximum allowable distance (in
kilometers) between one ONU located at the shortest distance from the OLT and
another ONU located at the longest distance from the OLT, and is specifically set for
each PON. The reference label '0.2' dBm is an amount of attenuation per unit distance

(e.g., 1 Km) of an optical signal transmitted through the generally known optical
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[42]

[43]

[44]
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fibers. For instance, for the specification of the G-PON standardized by ITU-T, the
maximum allowable distance between the ONU at the shorted distance and the other
ONU at the longest distance is set as being approximately 20 Km, and in such a case, P
Ly SR be specifically set as being approximately 4 dBm.

‘When the optimum power level is set based on calculation, if the Popt value calculated
as above is greater than the maximum power level P(k) at the OLT, the optimum
power level is preferably determined as being POPt =P(k).

In operation of 104, a power level of the optical transmitter is set as being the above
determined P . As similar to the general initial operation of the OLT, the ONU
activation pr(:gedure is performed to discover one or more than one ONU connected to
the PON. After the completion of the ONU activation procedure, data can be normally
exchanged with the discovered ONU(s) in operation of 105. The OLT transmits data at
the optimum optical power level determined in the previous operation of 103.
According to these serial operations, the power level of the OLT is not set as the
maximum optical power level, but in consideration of an ODN structure and the
distance from the OLT to the corresponding ONU in the corresponding PON. As a
result, unnecessary power consumption can be minimized and at the same time, stable
communication with the corresponding ONU can be achieved.

Additional operation may be further performed to reduce the unnecessary power
consumption caused by the ONU(s) when the power turns on or off during the normal
network operation in the PON.

After the previous operation of 105, while the network operation is normally
performed, it is checked whether the timer variable d_timer is finished in operation of
106.

‘When the timer variable d_timer is finished after the elapse of the predetermined
time period T, in operation of 107, the ONU activation procedure is performed again to
confirm again the ONU(s) currently connected to the PON.

In operation of 108, it is checked whether the number of the ONU(s) discovered after
the previous operation of 107 is O.

If the number of the ONU(s) is not 0, even if the number of the ONU(s) in the
current PON is 1, it is determined as being in the operation. Thus, the optical
transmitter of the OLT continuously performs the normal operation. On the contrary, if
the number of the discovered ONU(s) is 0, it is determined there is no ONU operating
in the current PON as like the case that one or more than one ONU turns off. Based on
this determination, in operation of 109, the power saving procedure is performed to
turn oft a laser of the optical transmitter in order to reduce the unnecessary power
consumption. Preferably, if one of the ONUs is connected to the current PON while in

the power saving mode, the ONU activation procedure is performed by truing on the
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laser of the optical transmitter periodically to allow the normal operation. If one of the
ONU:s is discovered after the ONU activation procedure, the power saving mode is
terminated, and the operation 105 resumes, that is, the normal network operation is
performed. A flow of the operation at the power saving mode will be described in FIG.
3.

As described above, by performing the operations 106 to 109, depending on the on or
off state of the ONU(s), the OLT turns off the laser of the optical transmitter
consuming the greatest power when all of the ONUs do not operate during the network
operation, so that unnecessary power consumption can be minimized.

FIG. 2 is a detailed flowchart to illustrate the operation 102 of measuring an
allowable optical power level range for the automatic optical power control method
described in FIG. 1.

In the automatic optical power control method according to the present embodiment,
those necessary variables for measuring the allowable range of the optical power are
set and initialized in operation of 200 to measure the allowable range of the optical
power.

The necessary variables include a variable P(i) and a variable num_ONU(i). The
variable P(i) indicates the intensity of an ith power level when a range of power that
the optical transmitter of the OLT can generate is expressed in sequence. The variable
num_ONU(i) sets the power of the optical transmitter of the OLT as the variable P(i)
and indicating the number of the ONU(s) discovered while the ONU activation
procedure is performed. Herein, 'i' denotes a value equal to or greater than 1 and equal
to or less than k (i.e., 1 =1=Kk), and 'k’ denotes a maximum power level that the optical
transmitter of the OLT can generate. Referring to these variables, the optical
transmitter of the OLT can generate the power at approximately k level, and the
variable P(k) can be explained as being the maximum power at the optical transmitter.
Additionally, in operation of 200, 'i' is initialized to 'k’

In operation of 201, the optical transmitter of the OLT turns on, and in operation of
202, the intensity of the power of the optical transmitter is adjusted at the variable P(i).
At this time, since the 'i' is initialized to 'k’ if the laser of the optical transmitter drives
for the first time, the intensity of the power of the optical transmitter is adjusted to the
maximum power.

In operation of 203, the ONU activation procedure is performed to automatically
discover one or more than one ONU using the optical transmitter whose power level is
adjusted at the variable P(i), and the number of the discovered ONU(s) is stored as the
variable num_ONU(i).

In operation of 204, when the power level is at the P(i), it is checked whether the
number num_ONU(i) of the discovered ONU(s) is O or not.
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If the variable num_ONU(i) is 0, especially, when i=k and the number of the
discovered ONU(s) is O, there is no operating ONU. Thus, in operation of 210, the
laser of the optical transmitter is turned off, and in operation of 211, the automatic
optical power control procedure is finished without further operations.

If the number num_ONU(i) of the discovered ONU(s) is greater than 1, in operation
of 205, a deactivation procedure in which all of the registered ONU(s) in the previous
operation of 203 are canceled is performed.

Furthermore, in operation of 206, it is checked whether the current value of 'i' is 1, or
the number of the discovered ONU(s) at the power level of the current variable P(i) is
less than that of the discovered ONUs at the maximum power level of the variable P(k)
(i.e., num_ONU(k) > num_ONU(1)).

If the above two conditions checked in the previous operation 206 are not satisfied, a
value of 1" is decreased by 1 in operation of 207, the operation 202 resumes.

In contrast, if one of the two conditions is satisfied, in operation of 208, the
maximum allowable optical power is set as the maximum power P(k) that the optical
transmitter of the OLT can generate, and the minimum allowable optical power level is
set as the current power level P(i). Afterwards, in operation of 209, the procedure of
measuring the allowable range of the optical power level of the OLT is finished.

FIG. 3 is a detailed flowchart to illustrate the operation of performing the power
saving mode described in FIG. 1.

After the operation 109, in operation of 300, variables necessary for performing the
power saving mode are set. The variables include a variable Pout, a variable P ,a

opt
variable d_timer. The variable P is indicative of a power level of the current optical

transmitter, and the variable P t(;u@t indicative of an optimum power level. The variable
d_timer is an automatic ONU (giscovery timer variable for checking the connection of
the ONU(s) to the PON. The variable P is a value set in the previous operation 103,
and the variable d_timer is set in every (}))p[eriod of T. The variable d_timer is to check
the period of confirming the connection or disconnection of the ONU(s) to the PON to
perform the normal network operation when even one of the ONUs is connected
thereto according to an on or off sate of the ONU(s) while in the power saving mode.

In operation of 301, the laser of the optical transmitter is turned off to save power,
and in operation of 302, the off-state of the laser is sustained until the variable d_timer
is finished.

‘When the period reaches a value of T as the variable d_timer is finished, in operation
of 303, the laser of the optical transmitter is turned on, and the power level POut is set as
the optimum power level Popt. In operation of 304, the ONU activation procedure is
performed again to discover the ONU(s).

After the completion of the ONU activation procedure, in operation of 305, it is
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checked whether the number of the discovered ONU(s) due to the ONU activation
procedure is 0. If no ONU is discovered, the operation 301 resumes, so that the power
saving mode is sustained.

[63] In contrast, if the number of the discovered ONU(s) is not 0, meaning that one of the
ONUs is newly connected to the PON, in operation of 306, the power saving mode is
terminated to run the normal network operation. The operation 105 described in FIG. 1
resumes.

[64] While the power saving mode is sustained, the operations of 301 to 305 are
repetitively performed.

[65] The above described automatic optical power control method can be implemented
using software in the OLT system without configuring hardware additionally.

[66] ‘While the present invention has been described with reference to the particular il-
lustrative embodiments and the accompanying drawings, it is not to be limited thereto
but will be defined by the appended claims. Itis to be appreciated that those skilled in
the art can substitute, change or modify the embodiments into various forms without

departing from the scope and spirit of the present invention.
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Claims

A method for automatically controlling optical power in an OLT (optical line
terminal) of a PON (passive optical network), the method comprising the steps
of:

measuring an allowable range of the optical power allowing a normal network
operation on the PON;

setting an optimum optical signal level within the measured allowable range of
the optical power; and

adjusting a power level of a transmitter to the set optimum optical signal level.
The method according to claim 1, further comprising:

performing an ONU (optical network unit) activation procedure of discovering
ONUs operating in every predetermined period and registering the discovered
ONUs when the OLT operates;

checking the number of the activated ONUs after the ONU activation procedure;
and

performing a power saving mode of turning off power of the transmitter if the
number of the activated ONUs is O.

The method according to claim 2 wherein the measuring an allowable range of
the optical power comprises initiating the measurement in response to a
command from an operator when the power is initially applied to the OLT and
the OLT performs an initialization procedure starting.

The method according to claim 2, wherein the measuring an allowable range of
the optical power comprises:

performing the ONU activation procedure of discovering the ONUs for each
power level; and

determining the allowable range of the optical power as being defined from a
minimum power level at which the number of the discovered ONUs is sub-
stantially the same as that of the discovered ONUs at a maximum power level
that the transmitter can generate to the maximum power level.

The method according to claim 2, wherein the setting an optimum optical signal
level comprises:

setting the optimum optical signal level at a minimum power level within the
allowable range of the optical power; and

adding the set optimum optical signal level and an offset power level for ONUs
to be additionally connected to the PON.

The method according to claim 5, wherein the offset power level is defined as

Lmax[Km] x 0.2 dBm' and the 'Lmax’ being a maximum allowable distance
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between an ONU located at the shortest distance from the OLT and an ONU
located at the longest distance from the OLT in the corresponding PON.

The method according to claim 2, wherein the performing a power saving mode
comprises:

performing an activation procedure of turning on a laser of the transmitter in
every period to discover the ONUs;

checking whether the number of the ONUs discovered at the activation
procedure is 0; and

turning off the laser of the transmitter if the number of the discovered ONUs is O,
and terminating the power saving mode it the number of the discovered ONUs is
not O.

The method according to claim 2, wherein the measuring an allowable range of
the optical power comprises:

setting variables P(i) and num_ONU(i) and initializing the 'i' to 'k’ wherein the
variable P(1) indicates the intensity of an ith power and the variable num_ONU(i)
indicates the number of the discovered ONUs at the power level of P(i), where
1<i<k, k being the maximum power level that the transmitter generates;
adjusting the power level of the transmitter to the variable P(i);

performing an activation procedure of discovering the ONUs through the
transmitter having the adjusted power level of P(i) and storing the number of the
discovered ONUSs as the variable num_ONU(i);

performing a deactivation procedure of canceling the registration of the
discovered ONUs;

checking whether the '1' is 1, or the number num_ONU(i) of the ONUs
discovered at the power level of P(i) is less than the number num_ONU(k) of the
ONUs discovered at the maximum power level of P(k);

decreasing the 1' by 1 if the '1' is not 1 and the number num_ONU() of the
discovered ONUs at the power level of P(i) is not less than the number
num_ONU(k) of the ONUs discovered at the maximum power level of P(k) and
performing again the adjusting the power level of the transmitter to the variable
of P(i); and

setting the allowable range of the optical power as being in a range of P(i) to P(k)
if the 'i'is 1 or the number num_ONU(i) of the discovered ONUs at the power
level of P(i) is less than the number num_ONU(k) of the ONUs discovered at the
maximum power level of P(k).

The method according to claim &, wherein the measuring an allowable range of
the optical power further comprises:

checking whether the number of the discovered ONUs is O when the activation
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procedure is performed while the power level of the transmitter is adjusted to the
variable of P(k); and

terminating the control of the optical power of the transmitter if the number of
the discovered ONUs is 0.
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PCT/US2013/050533
PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT
(PCT Article 18 and Rules 43 and 44)

Applicant's or agent's file reference

FOR FURTHER see Form PCT/ISA/220
009065-8132W001 ACTION as well as, where applicable, item 5 below.
International application No. International filing date (day/montivyear) (Earliest) Priority Date (day/month/year)
PCT/US2013/050533 15 July 2013 (15.07.2013) 13 July 2012 (13.07.2012)

Applicant
ZTE CORPORATION et al

This International search report has been prepared by this International Searching Authority and is transmitted to the applicant according
to Article 18. A copy is being transmitted to the Intemational Bureau.

This international search report consists of a total of 3 sheets.

D It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of :

& the international application in the language in which it was filed
a translation of the international application into , which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

b. D This international search report has been established taking into account the reetification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.644s(a)).

[ I:I With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I.

2. D Certain claims were found unsearchable (See Box No. [I)
3. D Unity of invention is lacking (See Box No. 111)

4, With regard to the title,
the text is approved as submitted by the applicant.
D the text has been established by this Authority to read as follows:

5. With regard to the abstract,

)x( the text is approved as submitted by the applicant.

[:] the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. I'V. The applicant

may, within one month from the date of mailing of this international search report, submit comments to this Authority.

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. 1

as suggested by the applicant.

I:l as selected by this Authority, because the applicant failed to suggest a figure.

I:] as selected by this Authority, because this figure better characterizes the invention.
b. D none of the figure is to be published with the abstract,
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US 2012-0163808 Al 28/06/2012 KR 10-2012-0071577 A 03/07/2012
US 2010-0118753 Al 13/05/2010 CN 101562760 A 21/10/2009
CN 101820349 A 01/09/2010
JP 04903276 B2 28/03/2012
JP 05185879 B2 17/04/2013
JP 2009-260970 A 05/11/2009
JP 2010-213259 A 24/09/2010
US 2009-0263127 Al 22/10/2009
US 8000602 B2 16/08/2011
US 8275261 B2 25/09/2012
US 2012-0027411 Al 02/02/2012 AT 544250 T 15/02/2012
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International application No.

WRITTEN OPINION OF THE
PCT/US2013/050533

INTERNATIONAL SEARCHING AUTHORITY

Box No. 1 Basis of this opinion

. With regard to the language, this opinion has been established on the basis of :

the international application in the language in which it was filed
, which is the language of a

[:] a translation of the international application into
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

2. I:] This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified

to this Authority under Rule 91 (Rule 43is.1(a))
With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been

established on the basis of:

a. a sequence listing filed or furnished

[:] on paper

[:I in electronic form

b. time of filing or furnishing
contained in the international application as filed.
[:I filed together with the international application in electrenic form.
[_—_I furnished subsequently to this Authority for the purposes of search.

4. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additioan] copies is identical to that in the application as filed or does

not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:

Form PCT/ISA/237 {Box No. I)( July 2011)
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International application No.

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US2013/050533

Box No. V Reasoned statement under Rule 43bis.1(a)(f) with regard to novelty, inventive step or industrial applicability;

citations and explanatious supporting such statement

1.

Statement
Novelty (N) Claims  1-17 YES
Claims NONE NO
Inventive step (IS) Claims NONE YES
Claims _1-17 NO
Industrial applicability (IA) ~ Claims ~ 1-17 YES
Claims NONE NO

2. Citations and explanations :

Reference is made to the following document:
DI: US 2012-0163808 Al (GEUN YONG KIM et al.) 28 June 2012
2.1 Novelty (PCT Article 33(2)) and Inventive Step (PCT Article 33(3))

2.1.1 Claims 1-6

DI, which is considered to be the closest prior art to the subject matter of independent
claim 1, discloses a method comprising: operating an optical network unit (ONU) in a dozing
mode implying a period in which a transmitter is turned-off (see paragraph 37); and operating
the optical network unit in a cyclic sleep mode implying a period in which both the transmitter
and a receiver are turned-off (see paragraph 37). The technical feature of “transitioning the
ONU directly between a first state and a second state, based on a power management rule” is
not explicitly disclosed in DI1. However, said feature is virtually suggested by the same
document, considering that an ITU-T is performing standardization for two modes, the dozing
mode and the cyclic sleep mode under a recognition of the need to save power in the ONU
(see paragraph 33). Thus, a person skilled in the art would easily conceive the idea of
employing the feature of claim 1. Accordingly, claim | would have been obvious over DI.

Therefore, claim 1 lacks an inventive step under PCT Article 33(3).

The additional feature of claim 2 depending on claim 1 is disclosed in D1 (an active
interval implies a period in which both the transmitter and the receiver are turned-on; see

paragraph 37). Therefore, claim 2 lacks an inventive step under PCT Article 33(3).

The additional feature of claim 3 depending on claim 1 can be easily derived by a person
skilled in the art from the feature of D1 (the ONT which receives an upstream bandwidth

Continued on Supplemental Box
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International application No.
WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY PCT/US2013/050533

Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of : Box No. V

allocation transmits a sleep request OFF message requesting the transition to the normal mode

to the OLT; see paragraph 49). Therefore, claim 3 lacks an inventive step under PCT Article
33(3).

The additional feature of claim 4 depending on claim 1 can be easily derived by a person
skilled in the art from the feature of DI (the ONU periodically turns on/off the receiver
through signaling between an OLT and the ONU (dozing mode) and simultaneously tumns
on/off the transmitter and the receiver (cyclic sleep mode), thereby saving the standby power,
wherein a sleep interval implies the period in which the transmitter is turned-off in the dozing
mode and the period in which both the transmitter and the receiver are turned-off in the cyclic
sleep mode; see paragraphs 37, 57). Therefore, claim 4 lacks an inventive step under PCT
Article 33(3).

The additional feature of claim 5 depending on claim 1 can be easily derived by a person
skilled in the art from the feature of DI (the OLT receives a sleep request OFF message
transitions to the active state and transmits the sleep allow OFF message allowing the transition
to the normal mode to the corresponding ONU; see paragraph 50). Therefore, claim 5 lacks an
inventive step under PCT Article 33(3).

The additional feature of claim 6 depending on claim 1 can be easily derived by a person
skilled in the art from the feature of D1 (since the sleep allow ON message received in the
active interval within the cyclic sleep mode is used to ask whether the ONU is normally
operated or not, the ONU transmits an empty burst as an acknowledgement that the ONU is
normally operated to the OLT, and then, transitions to the sleep mode; see paragraph 44).
Therefore, claim 6 lacks an inventive step under PCT Article 33(3).

2.1.2 Claims 7-11

The features of independent apparatus claim 7 essentially correspond to those of method
claim 1. Thus, the same reasoning as in claim 1 applies to claim 7. Therefore, claim 7 lacks
an inventive step under PCT Article 33(3).

The additional features of claims 8-11 depending on claim 7 essentially correspond to those
of claims 2-4 and 6, respectively. Accordingly, the same reasoning as in claims 2-4 and 6
applies to claims 8-11. Therefore, claims 8-11 lack an inventive step under PCT Article 33(3).

Continued on The Next Page
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2.1.3 Claims 12-13

Claim 12 relates to an optical communication apparatus in accordance with claim | relating
to a method. The apparatus of claim 12 comprises a memory, and a processor which uses
stored instructions to implement the method that is the same as that defined in claim 1. As the
features of claim 12 essentially correspond to the features of claim | except for the category,
the same reasoning as in claim 1 applies to claim 12. Therefore, independent claim 12 lacks
an inventive step under PCT Article 33(3).

The additional feature of claim 13 depending on claim 12 can be easily derived by a person
skilled in the art from the feature of D1 (an optical network unit (ONU) periodically turns
on/off a receiver through signaling between an OLT and the ONU (dozing mode) and
simultaneously turns-on/off a transmitter and the receiver (cyclic sleep mode), thereby saving
the standby power, wherein a sleep interval implies the period in which the transmitter is
turned-off in the dozing mode and the period in which both the transmitter and the receiver
are turned-off in the cyclic sleep mode; see paragraphs 37, 57). Therefore, claim 13 lacks an
inventive step under PCT Article 33(3).

2.1.4 Claims 14-15

D1, which is considered to be the closest prior art to the subject matter of independent
claim 14, discloses an optical line terminal (OLT) comprising a controller configured to control
an operation of the OLT, wherein an ONU periodically turns on/off a receiver through
signaling between the OLT and the ONU (dozing mode) and simultaneously turns on/off a
transmitter and the receiver (cyclic sleep mode) and parameters associated with power saving
include a sleep interval and an active interval (see paragraphs 37, 57, 82). The technical
feature of “a transmitter configured to transmit the generated messages to the optical network
unit (ONU)” is not explicitly disclosed in DI1. However, said feature is virtually suggested by
the same document, considering that the ONU receiving the sleep allow OFF message is
switched into the normal mode and transmits the sleep request OFF message as the response
for the sleep allow OFF message to the OLU (see paragraph 55). Thus, a person skilled in the
art would easily conceive the idea of employing the feature of claim 14. Accordingly, claim 14
would have been obvious over DI1. Therefore, claim 14 lacks an inventive step under PCT
Article 33(3).

Continued on The Next Page
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The additional feature of claim 15 depending on claim 14 can be easily derived by a person
skilled in the art from the feature of DI (the ONU periodically turns on/off the receiver
through signaling between the OLT and the ONU (dozing mode) and simultaneously turns
on/off the transmitter and the receiver (cyclic sleep mode), thereby saving the standby power,
wherein a sleep interval implies the period in which the transmitter is turned-off in the dozing
mode and the period in which both the transmitter and the receiver are turned-off in the cyclic
sleep mode; see paragraphs 37, 57). Therefore, claim 15 lacks an inventive step under PCT
Article 33(3).

2.1.5 Claims 16-17

D1, which is considered to be the closest prior art to the subject matter of independent
claim 16, discloses a passive optical network (PON) communications system comprising an
optical network unit (ONU) periodically turning on/off a receiver through signaling between an
OLT and the ONU (dozing mode) and simultaneously turning on/off a transmitter and the
receiver (cyclic sleep mode), thereby saving the standby power, wherein the sleep interval
implies a period in which the transmitter is turned-off in the dozing mode and the period in
which both the transmitter and the receiver are turned-off in the cyclic sleep mode (see
paragraphs 37, 57). The technical feature of *an optical line terminal (OLT) configured to
transmit a control message to the ONU” is not explicitly disclosed in DI1. However, said
feature is virtually suggested by the same document, considering that an OLT transmits the
sleep allow ON message allowing the transition to a next sleep mode to the ONT (see
paragraph 43). Thus, a person skilled in the art would easily conceive the idea of employing
the feature of claim 16. Accordingly, claim 16 would have been obvious over DI1. Therefore,
claim 16 lacks an inventive step under PCT Article 33(3).

The additional feature of claim 17 depending on claim 16 can be easily derived by a person
skilled in the art from the feature of Dl (the ONU periodically turns on/off the receiver
through signaling between the OLT and the ONU (dozing mode) and simultaneously turns
on/off the transmitter and the receiver (cyclic sleep mode), thereby saving standby power,
wherein a sleep interval implies the period in which the transmitter is turned-off in the dozing
mode and the period in which both the transmitter and the receiver are turned-off in the cyclic
sleep mode; see paragraphs 37, 57). Therefore, claim 17 lacks an inventive step under PCT
Article 33(3).

Continued on The Next Page
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2.2 Industrial Applicability (PCT Article 33(4))

Claims 1-17 are industrially applicable under PCT Article 33(4).
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Dacket No. 009065-8132.US01
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE -

In re Patent Application of:
Denis Andreyevich Khotimsky et al.

Application No.: 14/414,698 Confirmation No.: 2029
Filed: January 13, 2015
For: OPTICAL NETWORK UNIT POWER

MANAGEMENT IN PASSIVE OPTICAL
NETWORKS

Commissioner for Patents
P.0O. Box 1450
Alexandria, VA 22313-1450

DECLARATION AND ASSIGNMENT BY THE INVENTOR

I, LiQuan Yuan of Shanghai. P.R. China, hereby declare that:

I believe I am the sole original inventor or an original joint inventor of a claimed

invention in a patent application entitled:

OPTICAL NETWORK UNIT POWER MANAGEMENT IN PASSIVE OPTICAL
NETWORKS

the specification of which:
X was filed at the U.S. Patent and Trademark Office on January 13, 2015, as
Application Serial No. 14/414,698, and identified as Attorney Docket No. 0609065-8132.US01.
X]  was described and claimed in PCT International Application No.
PCT/US2013/050533 filed on July 15, 2013.

I believe the following persons are additional original joint inventors of the above-
identified patent application:

Denis Andreyevich Khotimsky of Westborough, Massachusetts; and |

DeZhi Zhang of Shanghai, P.R. China.

The above-identified application was made or authorized to be made by me.

I have reviewed and understand the contents of the above-identified patent application

including the claims.

LEGAL125846640.1
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Inventor : Denis Andreyevich Khotimsky et al. Docket No. 009065-8132.US01
Appl. No. : 14/414,698

Filed : January 13, 2015

Page : 20f3

1 am aware of the duty to disclose to the U.S. Patent and Trademark Office all
information known to me to be material to patentability as defined in 37 CFR §1.56.

1 hereby acknowledge that any willful false statement made in the above declaration is

punishable under 18 USC §1001 by fine or imprisonment of not more than five (5) years, or both.

, ASSIGNMENT

I hereby assign to ZTE Corporation, a corporation of P.R. China, having a place of
business at ZTE Plaza, No. 55 South Keji Road, Hi-Tech Industrial Park, Nanshan District,
Shenzhen 518057, P.R. China, and its successors and assigns (collectively hereinafier called
“the Assignee™), the entire right, title and interest throughout the world in any and all inventions
and improvements which are described in an application for United States Patent filed by me,
entitled OPTICAL NETWORK UNIT POWER MANAGEMENT IN PASSIVE OPTICAL
NETWORKS, filed on January 13, 2015, and assigned U.S. Application Number 14/414,698,

This assignment includes the entire right, title and interest in said application, all legal
equivalents thereof in any country, any and all United States and foreign patents, utility models,
and design registrations granted for any of said inventions and improvements, including, but not
limited to, all divisions, continuations, reissues, reexamination certificates, any and all
certificates issued in any post-grant proceeding, and extensions of said ap‘plications and patents
of the United States, foreign patents, utility models, and design registrations, and the right to
claim priority based on the filing date of said application under the International Convention for
the Protection of Industrial Property, the Patent Cooperation Treaty, the European Patent
Convention, and all other treaties of like purposes, and the right to seek relief and recover all
damages, including, but not limited to, a reasonable royalty, by reason of infringement or any
other violation of patent or patent application rights. I authorize the Assignee to apply in all
countries in my name or in the name of the Assignee for patents, utility models, design
registrations and like rights of exclusion and for inventors' certificates for said inventions and
improvements, '

In addition, I hereby confirm the sale, assignment, and transfer to the Assignee of the
entire right, title and interest throughout the world in said inventions and improvements that
occurred by operation of an employment agreement between me and the Assignee existing at the

time said inventions and improvements were made. Should T have any remaining interest, T
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Inventor : Denis Andrevevich Khotimsky et al. Docket No. 009065-8132.US01
Appl. No. : 14/414,698

Filed : January 13,2015

Page : 30f3

hereby sell, assign, and transfer any right, title and interest I may have in said inventions and
improvements anywhere in the world to the Assignee.

The foregoing assignments, sale and transfer have been made for good and valuable
consideration in accordance with the aforementioned employment agreement.

I hereby represent and covenant that no assignment, sale, agreement or encumbrance has
been or will be made or entered into that would conflict with the assignment of said inventions
and improvements to the Assignee.

1 further covenant for myself and my respective heirs, legal representatives and assigns,
to assist the Assignee in handling various procedures, tasks and documentation in connection
with this assignment, including, but not limited to, providing to the Assignee promptly upon the
request of the Assignee all pertinent facts and documents relating to said invention and
improvements, and said patents, said legal equivalents or other legal instrument as may be
known and accessible to me and testifying as to the same in any interference, litigation, or
proceeding relating thereto, and promptly executing and delivering to the Assignee or its legal
representative any and all papers, documents, instruments or affidavits in connection with
obtaining, maintaining, issuing or enforcing said application, said inventions and improvements,
and said patents, said equivalents and other legal instrument which may be necessary or desirable
to carry out the purposes thereof.

1 hereby authorize and request the Commissioner of Patents and T‘rademarks to issue one
or more patents in the United States for said inventions and improvements to ZTE Corporation as

assignee of the entire interest, for the sole use and benefit of Assignee, its successors and assigns.

I am competent to execute the above declaration and assignment. I hereby have duly

executed the declaration and assignment below with my name.

Full name of inventor: LIQUAN YUAN

Inventor's signature: Li gu an W on
Date: =9 /o I3 '/7/0(-5—

Perkins Coie LLP

P.O. Box 1247

Seattle, Washington 98111-1247
Telephone: (858) 720-5700
Facsimile: (206) 359-7198
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Docket No. 009065-8132.US01
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:
Denis Andreyevich Khotimsky et al.

Application No.: 14/414,698 Confirmation No.: 2029
Filed: January 13, 2015
For: OPTICAL NETWORK UNIT POWER

MANAGEMENT IN PASSIVE OPTICAL
NETWORKS

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

DECLARATION AND ASSIGNMENT BY THE INVENTOR

I, DeZhi Zhang of Shanghai, P.R. China, hereby declare that:

I believe I am the sole original inventor or an original joint inventor of a claimed

invention in a patent application entitled:

OPTICAL NETWORK UNIT POWER MANAGEMENT IN PASSIVE OPTICAL
NETWORKS

the specification of which:
X was filed at the U.S. Patent and Trademark Office on January 13, 2015, as
Application Serial No. 14/414,698, and identified as Attorney Docket No. 009065-8132.USO1.
X was described and claimed in PCT International Application No.

PCT/US2013/050533 filed on July 15, 2013.

I believe the following persons are additional original joint inventors of the above-
identified patent application:

Denis Andreyevich Khotimsky of Westborough, Massachusetts; and

LiQuan Yuan of Shanghai, P.R. China.

The above-identified application was made or authorized to be made by me.

I have reviewed and understand the contents of the above-identified patent application

including the claims.
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Inventor : Denis Andreyevich Khotimsky et al. Docket No. 009065-8132.US01
Appl. No. : 14/414,698

Filed : January 13, 2015

Page : 20f3

I am aware of the duty to disclose to the U.S. Patent and Trademark Office all

information known to me to be material to patentability as defined in 37 CFR §1.56.

I hereby acknowledge that any willful false statement made in the above declaration is

punishable under 18 USC §1001 by fine or imprisonment of not more than five (5) years, or both.

ASSIGNMENT
I hereby assign to ZTE Corporation, a corporation of P.R. China, having a place of
business at ZTE Plaza, No. 55 South Keji Road, Hi-Tech Industrial Park, Nanshan District,

Shenzhen 518057, P.R. China, and its successors and assigns (collectively hereinafter called
“the Assignee”), the entire right, title and interest throughout the world in any and all inventions
and improvements which are described in an application for United States Patent filed by me,
entitted OPTICAL NETWORK UNIT POWER MANAGEMENT IN PASSIVE OPTICAL
NETWORKS, filed on January 13, 2015, and assigned U.S. Application Number 14/414,698.

This assignment includes the entire right, title and interest in said application, all legal
equivalents thereof in any country, any and all United States and foreign patents, utility models,
and design registrations granted for any of said inventions and improvements, including, but not
limited to, all divisions, continuations, reissues, reexamination certificates, any and all
certificates issued in any post-grant proceeding, and extensions of said applications and patents
of the United States, foreign patents, utility models, and design registrations, and the right to
claim priority based on the filing date of said application under the International Convention for
the Protection of Industrial Property, the Patent Cooperation Treaty, the European Patent
Convention, and all other treaties of like purposes, and the right to seek relief and recover all
damages, including, but not limited to, a reasonable royalty, by reason of infringement or any
other violation of patent or patent application rights. I authorize the Assignee to apply in all
countries in my name or in the name of the Assignee for patents, utility models, design
registrations and like rights of exclusion and for inventors' certificates for said inventions and
improvements.

In addition, I hereby confirm the sale, assignment, and transfer to the Assignee of the
entire right, title and interest throughout the world in said inventions and improvements that
occurred by operation of an employment agreement between me and the Assignee existing at the

time said inventions and improvements were made. Should I have any remaining interest, I
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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

PQ. Box 1450

Alexandria, Virginia 22313-1450
WWW.uspto.gov

| U.S. APPLICATION NUMBER NO. | FIRST NAMED INVENTOR ATTY. DOCKET NO. |
14/414,698 Denis Andreyevich Khotimsky 009065-8132.US01
97075 [ INTERNATIONAL APPLICATION NO. |
Perkins Coie LLP - SDO General PCT/US2013/050533
PO Box 1247 LA. FILING DATE PRIORITY DATE
Seattle, WA 98111-1247 07/15/2013 07/13/2012

CONFIRMATION NO. 2029
371 ACCEPTANCE LETTER

ey

NOTICE OF ACCEPTANCE OF APPLICATION UNDER 35 U.S.C 371 AND 37 CFR 1.495

The applicant is hereby advised that the United States Patent and Trademark Office, in its capacity as a
Designated / Elected Office (37 CFR 1.495), has ACCEPTED the above identified international application for
national patentability examination in the United States Patent and Trademark Office.

The United States Application Number assigned to the application is shown above. A Filing Receipt will be
issued for the present application in due course. THE DATE APPEARING ON THE FILING RECEIPT AS THE
"FILING DATE or 371(c) DATE" IS THE DATE ON WHICH THE LAST OF THE 35 U.S.C. 371 (c)(1) and (c)(2)
REQUIREMENTS HAS BEEN RECEIVED IN THE OFFICE. THIS DATE IS SHOWN BELOW. The filing date of
the above identified application is the international filing date of the international application (Article 11(3) and 35
U.S.C. 363)

01/13/2015
DATE OF RECEIPT OF 35 U.S.C.
371(c)(1) and (c)(2) REQUIREMENTS

The following items have been received:

« Copy of the International Application filed on 01/13/2015

« Copy of the International Search Report filed on 01/13/2015
+ U.S. Basic National Fees filed on 01/13/2015

* Priority Documents filed on 01/13/2015

+ Authorization to Permit Access filed on 01/13/2015

* Application Data Sheet (37 CFR 1.76) filed on 01/13/2015

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability” to avoid abandonment. See 37 CFR 1.495(c).

* Properly executed inventor's oath or declaration for the following inventor(s) has not been submitted: Denis
Andreyevich Khotimsky, LiQuan Yuan, and DeZhi Zhang

page 1 of 2
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Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5)

KAREN M WILLIAMS

Telephone: (571) 272-9075

page 2 of 2
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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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE I UNIT I FIL FEE RECD I ATTY DOCKET.NO ITOT CLA]MSIIND CLAIMSl
14/414,698 01/13/2015 2460 009065-8132.US01 17 5
CONFIRMATION NO. 2029
97075 FILING RECEIPT

Perkins Coie LLP - SDO General

POBoxt247 N R O

Date Mailed: 04/27/2015

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Denis Andreyevich Khotimsky, Westborough, MA;
LiQuan Yuan, Shanghai, CHINA;
DeZhi Zhang, Shanghai, CHINA;
Applicant(s)
ZTE Corporation, Shenzhen, CHINA
ZTE (USA) Inc., Morristown, NJ

Power of Attorney: The patent practitioners associated with Customer Number 97075

Domestic Priority data as claimed by applicant
This application is a 371 of PCT/US2013/050533 07/15/2013

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)
CHINA PCT/CN2012/078649 07/13/2012

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 04/18/2015

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/414,698

Projected Publication Date: 08/06/2015

Non-Publication Request: No

Early Publication Request: No
page 1 of 3
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Title
OPTICAL NETWORK UNIT POWER MANAGEMENT IN PASSIVE OPTICAL NETWORKS
Preliminary Class

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications: No
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
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the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

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 U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 14/414,698
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE(S) FEE($)
BASIC FEE
e oo 0) N/A N/A N/A N/A 280
SEARCH FEE
7 GFR 11600, ), or () N/A N/A N/A N/A 480
EXAMINATION FEE
A TIONFEE N/A N/A N/A N/A 720
TOTAL CLAIMS ’
(37 CFR 1.16(i)) 17 minus 20~ OR |x 80 - 0.00
INDEPENDENT CLAIMS '
(87 CFR 1.16(h)) 5 minus 3 = 2 x 420 = 840
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(837 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* | the difference in column 1 is less than zero, enter "0" in column 2 TOTAL TOTAL 2320
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE($) FEE(S) RATE®) FEE($)
E AMENDMENT PAID FOR
W] Total * i - =
s (37 OF(;HE 16(i)) Minus x = OR |«x =
% Independent * Minus | *** =
] (37 CFR 1.16(h)) X = OR |x -
z Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE®) FEE($)
E AMENDMENT PAID FOR
L Total * Minus | ** = =
= (37 OF(FJHE 16() X OR |x -
% Independent Minus | ** = X = OR |«x =
w (37 CFR 1.16(h)) - -
<§: Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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MULTIPLE DEPENDENT CLAIM
FEE CALCULATION SHEET

Substitute for Form PTO-1360
(For use with Form PTO/SB/06)

Application Number

14414698

Filing Date

Applicant(s) Denis Khotimsky

* May be used for additional claims or amendments

CLAIMS AS FILED AFTER FIRST AFTER SECOND * * *
AMENDMENT AMENDMENT
Indep I Depend Indep I Depend Indep I Depend Indep I Depend Indep I Depend Indep I Depend
1 1 51
2 1 52
3 1 53
4 1 54
5 1 55
6 1 56
7 1 57
8 1 58
9 1 59
10 1 60
11 1 61
12 1 62
13 1 63
14 1 64
15 1 65
16 1 66
17 1 67
18 68
19 69
20 70
21 71
22 72
23 73
24 74
25 75
26 76
27 77
28 78
29 79
30 80
31 81
32 82
33 83
34 84
35 85
36 86
37 87
38 88
39 89
40 90
4 91
42 92
43 93
44 94
45 95
46 96
47 97
48 98
49 99
50 100
Total Indep 5 0 0
—1 7 | — | — |
Depend
X S N
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PTO-1390 (06-13)

Approved for use through 6/30/2013. OMB 0651-0021

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

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

TRANSMITTAL LETTER TO THE UNITED STATES  [AtomevPockeltio. o Lso1
DESIGNATED/ELECTED OFFICE (DO/EO/US) TS oo T Tinown5c37 CFRTS)
CONCERNING A SUBMISSION UNDER 35 U.S.C. 371

International Application No. International Filing Date Priority Date Claimed
PCT/US2013/050533 15 July 2013 13 July 2012

Title of Invention ~ OPTICAL NETWORK UNIT POWER MANAGEMENT IN PASSIVE OPTICAL NETWORKS

First Named Inventor Denis Andreyevich Khotimsky et al.

Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information.

1. This is an express request to begin national examination procedures (35 U.S.C. 371(f)). NOTE: The express request under
35 U.S.C. 371(f) will not be effective unless the requirements under 35 U.S.C. 371(c)(1), (2), and (4) for payment of the basic
national fee, copy of the International Application and English translation thereof (if required), and the oath or declaration of
the inventor(s) have been received.

2. A copy of the International Application (35 U.S.C. 371(c)(2)) is attached hereto (hot required if the International Application
was previously communicated by the International Bureau or was filed in the United States Receiving Office (RO/US)).

3. An English language translation of the International Application (35 U.S.C. 371(c)(2))
a. |:| is attached hereto.

b. D has been previously submitted under 35 U.S.C. 154(d)(4).
4. An oath or declaration of the inventor(s) (35 U.S.C. 371(c)(4))

a. D is attached.

b. |:| was previously filed in the international phase under PCT Rule 4.17(iv).
Items 5 to 8 below concern amendments made in the international phase.
PCT Article 19 and 34 amendments

5. Amendments to the claims under PCT Article 19 are attached (not required if communicated by the International Bureau)
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OPTICAL NETWORK UNIT POWER MANAGEMENT IN PASSIVE
OPTICAL NETWORKS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This patent document claims the benefit of priority under the Paris Convention of
International Patent Application No. PCT/CN2012/078649, filed on July 13, 2012, and entitled
“METHOD AND APPARATUS FOR UNIFIED OPTICAL NETWORK UNIT (ONU) POWER
MANAGEMENT IN A PASSIVE OPTICAL NETWORK (PON).” The disclosure of the

before-mentioned application is incorporated by reference as part of this patent document.

BACKGROUND

[0002] This patent document relates to systems, devices, and techniques for data
communications in a passive optical network. In one aspect, this document relates to power
saving in an optical network unit (ONU) of a passive optical network (PON).

[0003] A PON is an optical network architecture based on point-to-multipoint (P2MP)
topology in which a single optical fiber and multiple passive branching points are used to
provide data communication services. A PON system can facilitate user access with a service
provider communication facility to access telecommunication, information, entertainment, and
other resources of the Internet. A PON system can include a central node, called an optical line
terminal (OLT), which can be in connection with a single or multiple user nodes called ONUs
via a passive optical distribution network (ODN). An OLT can be located at the access
provider's communication facility (e.g., central office). An ONU can be located at or near the
access user's premises. An ONU typically draws electrical power from the user’s premises
power supply network and may employ battery backup to support communication services in

case of power outage.

[0004] Better power management techniques can help improve battery life of an ONU.
SUMMARY
[0005] Method and apparatus are disclosed that, in one beneficial aspect, are useful to

reduce the power consumption of an optical network unit in a PON. Implementations described

in this document can provide several advantages. For example, the disclosed techniques can
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allow an access provider to guarantee lifeline services to customers by increasing the duration of
operational time during power outages. The techniques can also be used to reduce the size and
cost of the battery backup unit, reduce overall green-house gas emission and carbon footprint of
the information and communication technologies based on passive optical networks, and so on.
[0006] In one example aspect, an optical communication method is disclosed. The
method includes operating an ONU in a first state in which a transmitter of the ONU is turned off
and a receiver of the ONU is turned on, operating the ONU in a second state in which both the
transmitter and the receiver are turned off and transitioning the ONU directly between the first
state and the second state, based on a power management rule.

[0007] In another example aspect, a PON system is disclosed. The PON includes an
ONU and an OLT. The ONU is operable in a first low power mode in which the ONU is able to
receive but not transmit and a second low power mode in which the ONU is not able to either
receive or transmit. The OLT is communicably coupled to the ONU and is configured to
transmit a control message to the ONU to control at least one aspect of a transition of the ONU
between the first low power mode and the second low power mode.

[0008] These, and other, features are further described with reference to the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 depicts an example of a PON system.

[0010] FIG. 2 illustrates a power consumption profile of a conventional power
management technique based on ONU dozing.

[0011] FIG. 3A illustrates a power consumption profile of a conventional power
management technique based on cyclic sleeping.

[0012] FIG. 3B illustrates a power consumption profile of a conventional power
management technique based on ONU dozing.

[0013] FIG. 3C illustrates a power consumption profile of a conventional power
management technique based on cyclic sleeping.

[0014] FIG. 3D illustrates a double-nested cyclic profile that either includes cyclical
sleeping or includes cyclical dozing.

[0015] FIG. 4A illustrates a power consumption profile of an embodiment of the

disclosed unified ONU power management method.
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[0016] FIG. 4B illustrates a power consumption profile of an embodiment of the
disclosed unified ONU power management method, with sleep mode power consumption shown
on the same chart.

[0017] FIG. 5 illustrates a state machine that governs ONU’s behavior in an embodiment
of the unified power management method.

[0018] FIG. 6 illustrates a state machine that governs OLT’s behavior in an embodiment

of the unified power management method.

[0019] FIG. 7A illustrates a prior art state machine for ONU power management.

[0020] FIG. 7B is an alternate way of representing the ONU state machine of FIG. 7A.
[0021] FIG. 7C is another embodiment of the ONU state machine of FIG. 7A.

[0022] FIG. 7D illustrates an OLT state machine for power management.

[0023] FIG. 7E illustrates an alternate embodiment of the OLT state machine depicted in
FIG. 6.

[0024] FIG. 8 is a flow chart representation of a unified power management method.
[0025] FIG. 9 is a block diagram representation of a portion of an apparatus that

implements unified power management technique disclosed in the document.

[0026] FIG. 10 is a flow chart representation of a process of operating an OLT.
[0027] FIG. 11 is a block diagram representation of a portion of an apparatus for optical
communications.
DETAILED DESCRIPTION
[0028] Techniques for unified power management of an optical network unit (ONU) in

which the ONU can transition between multiple low power states without having to transition to
a high power state are disclosed. The terminology in the description that follows, to the extent
used in the ITU-T XG-PON standards documents and not explicitly discussed in this document,
is intended to be consistent with the ITU-T standards documents.

[0029] The techniques described in this document, in one beneficial aspect, are useful to
reduce the power consumption of an optical network unit in a PON. Implementations described
in this document can provide one or more advantages depending on specifics in certain
applications. For example, the disclosed techniques can allow an access provider to guarantee

lifeline services to customers by increasing the duration of operational time during power
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outages. The techniques can also be used to reduce the size and cost of the battery backup unit,
reduce overall green-house gas emission and carbon footprint of the information and
communication technologies based on passive optical networks, and so on. The disclosed
techniques are superior in terms of power saving efficiency to available prior state-of-the-art
techniques. For example, the disclosed techniques are superior to a Dozing method
implemented in some systems where the receiver is on for checking data while transmitter is off,
at least due to substantially lower on average power level during the low power cycle. The
disclosed technique is also superior to a cyclic sleep method implemented in some systems
where both receiver and transmitter are off at least because of the decoupling of the external
stimulus latency from the power efficiency and, consequently, substantially larger possible
relative duration of the low power cycle. In one beneficial aspect, the disclosed techniques allow
ONUs to transition between a dozing state and a sleep state.

[0030] A PON system can use optical fiber to connect the user premises to the provider
communication facility. The PON Optical Distribution Network (ODN) can include a point-to-
multipoint (P2MP) optical fiber infrastructure where passive branching points can be represented
by optical splitters are other similar passive optical devices. These passive ODN equipments can
be deployed in street cabinets, closets, underground utility holes, cable chambers, and other
installations and require no electrical power and little maintenance. The PON ODN can be
attached to the OLT with a single strain of optical fiber.

[0031] FIG. 1 shows an exemplary PON system comprising an OLT 110, plurality of
ONUs 120; and an ODN that comprises optical feeder fiber, or trunk fiber 130, a splitter 140,
and multiple distribution fibers 150.

[0032] ONUs 120 can be deployed at or near user premises. An ONU is an active
network element that typically draws electric power from the power supply network present at or
near the access user’s premises and in some cases is equipped with a battery-based power backup
unit to allow limited operations in case of the power supply network failure. Conservation of
the power consumed by an ONU is an operation requirement that can be associated with two
objectives. First, the requirement is driven by the emergency services support under the power
supply network failure and is targeted at the prolongation of the battery operation time or,

alternatively, reduction of the size and cost of the battery. Second, the requirement focuses on
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conserving power in regular (based on the power supply network) operations and minimizing the
carbon dioxide emissions generated by information and communications technologies (ICTs).
[0033] Conventional standard-based PON systems, such as Ethernet PON (EPON),
Broadband PON (BPON), Gigabit PON (G-PON) consider an ONU to be in a permanent link-
layer association with the OLT: the ONU continuously listen to the downstream transmission
over the P2MP optical channel and may be required to transmit protocol information upstream,
even if there is no user data to exchange. Therefore, the ONU’s optical transceiver continuously
remains fully operational and fully powered. These conventional PON systems typically
support only the basic, one-sided power conservation technique, such power shedding,
characterized by powering off or reducing power to non-essential functions and services while
maintaining a fully operational optical link.

[0034] Various advanced standard-based PON systems, such as 10 Gigabit/sec EPON
(10G-PON), and 10 Gigabit/sec PON (XG-PON), employ protocol-based power-saving
techniques based on a signalling mechanism between the OLT and the ONU to function
properly. These techniques involve defining several power levels and specifying the cyclic
behavior of an ONU which periodically switches between the full power level and one lower
power level.

[0035] Besides the full power level, the standard-based 10 Gigabit/sec PON (XG-PON)
system identifies the ONU Dozing power level, which is characterized by powering off of the
ONU transmitter and the associated circuitry for substantial periods of time on the condition that
the receiver remains continuously on, and the ONU Sleeping power level, which is characterized
by both ONU transmitter and ONU receiver are turned off for substantial periods of time.

[0036] FIG. 7A shows the state machine behavior 700 of a PON ONU, as specified in
one currently published PON standard (ITU-T G.987.3, 10-Gigabit-capable passive optical
networks (XG-PON): Transmission convergence (TC) layer specification, publication date
October 2010). From the initial state "Active Free" 702, the ONU can either transition into a
Sleep Aware state 704 or a Doze Aware state 706 (further described below). However, no
direct transition between the Doze Aware and the Sleep Aware states 704, 706 are provided.
Conventional ONUs therefore lack the technology of directly transitioning between two low

power consumption states without having to go through an active state (e.g., a full powered state).
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In one detrimental aspect, such a transition through the active state may increase the power
consumed by the ONU, thereby undesirably reducing batter life.

[0037] FIG. 2 depicts example ONU power consumption profile, that is, the power P
consumed by the ONU as a function of time ¢, in a case where ONU Dozing mode is
implemented. The full power level 200 is characterized by both ONU receiver and ONU
transmitter being power on with associated circuitry. The dozing power level 210, which is
lower than full power level 200, but substantially higher than zero (or sleep mode 220), is
characterized by the ONU transmitter with the associated circuitry being powered off, and the
transmitter remaining on. In other words, the ONU is in a “listen” mode to receive data or
signals, but not in a “talk” mode to transmit data or signals. Two timing parameters, which can
be configured into the ONU in advance, govern specific pattern of the power consumption: time
interval 250 (Tpoze) is the maximum time an ONU can be allowed to abstain from upstream
transmissions without being declared in violation of the protocol, while the time interval 260

(T Aware) 1s the minimum time required for the OLT and ONU to perform periodic bi-directional
handshake with both ONU transmitter and ONU receiver being fully powered and fully
operational. The longer the time interval 250 is with respect to time interval 260, the more
efficient the technique is in relative terms. Since the ONU receiver remains continuously
powered, the latency of detecting an external wake-up stimulus (a signal form the OLT to enter
full power operation, in response, for example, to an incoming call) is close to that of full-power
operation and is comparable to round-trip propagation delay. This is beneficial. The
continuously powered ONU receiver may limit the overall power-saving efficiency.

[0038] FIG. 3A depicts example ONU power consumption profile, that is, the power P
consumed by the ONU as a function of time 7, when ONU Cyclic sleep mode is implemented.
The full power level 200 is characterized by both ONU receiver and ONU transmitter being
power on with associated circuitry. The sleeping power level 220, is characterized by both the
ONU transmitter and ONU receiver with the associated circuitry being powered off, and is
typically close to zero. Two configurable timing parameter govern specific pattern of the power
consumption: time interval 270 (similar to Toware) is the minimum time required for the OLT and
ONU to perform periodic bi-directional handshake with both ONU transmitter and ONU receiver
being fully powered and fully operational; time interval 280 (Tsieep) is the maximum time an

ONU can be allowed to abstain from upstream transmissions and from receiving downstream
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traffic at the same time. While turning off both the transmitter and receiver is the most efficient
way to save power, the latency of detecting an external wake-up stimulus may increase by as
much as the time interval 280. Therefore, in order to maintain sufficiently short external
wakeup latency, time interval 280 may be kept small, thus reducing the overall power efficiency.
[0039] Both the above discussed cyclic power management techniques (FIG. 2 and FIG.
3A) involve the ONU toggling between two power levels: the full power level and the Dozing
level (FIG. 2) or between the full power level and the sleeping level (FIG. 3A). In some
implementations, the power management behavior of an ONU may be configured by specifying
two parameters: the maximum time in the lower power mode, and the minimum time in the full
power mode. The values of the configuration parameters depend on the kind of services a system
is expected to support, as well as the required availability of those services.

[0040] FIGS. 3B and 3C, respectively, provide another depiction of the dozing and sleep
modes of operation, previously described, by explicitly showing the sleep state power level 220
in the charts.

[0041] FIG. 3D provides an illustrative representation that combines the above discussed
sleep mode and dozing mode into a single graphical representation. An ONU alternates between
the full power phase 351 and a lower power phase 353. While in in a low-power phase, an ONU
alternates between two power consumption levels (depicted in inset 357): a full power level 359
and a low power level 361. In a pure doze mode, the ONU’s latency in detecting an external
wakeup stimulus is comparable to a round trip propagation delay, and the configured sojourn in a
state with the low power level (Listen state) primarily depends on how long the OLT can afford
to keep the ONU out-of touch. This value can be quite large and limited, for example, by the
need to periodically adjust the equalization delay. In the cyclic sleep mode, the ONU’s latency in
detecting an external wakeup stimulus includes the sojourn in the low power state (Asleep state)
and, therefore, the configured sojourn in a state with the low power level is substantially shorter
— perhaps, by several orders of magnitude, compared with the doze case. Signals related to wake-
up and sleep operations may be exchanged (355) at transitions between active phase 351 and
power saving phase 353.

[0042] In one aspect, in some embodiments, the unified power management method
disclosed in this document integrates the two cyclic power management techniques generally

shown in FIGS. 7A, 2 and 3A, in a single unified behavior that involves ONU power
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consumption alternating between at least three levels and is controlled by at least four timing
parameters. Under this integration, when in a power saving mode, the ONU spends most of the
time toggling between the Sleeping power level (with the lowest power consumption) and the
Dozing power level (with the next lowest power consumption), only occasionally returning to the
full-power level operation.

[0043] FIG. 4A shows one example power profile of the unified power management
technique. In this example, the full power level 200 is characterized by both ONU receiver and
ONU transmitter being power on with associated circuitry. The sleeping power level 220, is
characterized by both the ONU transmitter and ONU receiver with the associated circuitry being
power off, and is reasonably close to zero. The intermediate dozing power level 210 is
characterized by the ONU transmitter with the associated circuitry being power off, and ONU
receiver remaining on. Time interval 320 (similar to time intervals 260 and 270) is the
minimum duration of the periodic bi-directional handshake between the OLT and the fully
powered and operational ONU. Time interval 310 (TrLowpower) 1s the maximum allowed duration
between consecutive bi-directional handshakes. Time interval 330 is the minimum time that the
ONU listens to the downstream transmission in order to obtain any necessary signalling
indications. Time interval 340 is the maximum time the ONU is allowed to abstain from
upstream transmissions and from receiving downstream traffic at the same time.

[0044] As can be seen, the power reduction during the low power cycle depends on the
ratio of time interval 310 to time interval 320, which can be made large, while the latency in
response to an external stimulus depends on time interval 340, which can be relatively small.
Therefore, in one advantageous aspect, the disclosed unified power management technique is
superior in terms of power saving efficiency to both the Dozing method, due to substantially
lower on average power level during the low power cycle, and the Cyclic Sleep method (as
previously discussed with respect to FIGS. 2 and 3A), due to decoupling of the external stimulus
latency from the power efficiency and, consequently, substantially larger possible relative
duration of the low power cycle.

[0045] It will be appreciated that the specific values of the time intervals 310, 320, 330
and 340 may be implementation-specific and may depend on operational considerations such as
regulatory requirements, target time for battery life, and so on. For example, maximum dwell

time in sleep state may be about 1 to 2 seconds, so that the ONU is responsive to an incoming
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call within a couple of seconds. Similarly, maximum dwell time in the doze state may be
relatively large (e.g., several tens of seconds or minutes, e.g., 2 minutes or 1 hour).

[0046] FIG. 4B is an alternative illustration of the power profile in a unified power
management embodiment. Some implementation examples are provided below based the
disclosed power management technology.

Low power mode signaling between OLT and ONU

[0047] In some implementations, the low power primitives specified in the following

tables can be exchanged between OLT and ONU via appropriate management channel.

Table 1 — OLT Low power management primitives

Primitive Semantics
LPM-Allow OLT grants consent to ONU’s transition into a low power mode
LPM-Disallow OLT withdraws consent to ONU’s transition into a low power mode

Table 2 — ONU Low power indication primitives

Primitive Semantics
LPI-LowPower ONU indicates its transition into a low power mode
LPI-Awake ONU indicates its exit from a low power mode

ONU power management state machine
[0048] In some implementations, each ONU maintains an instance of the power
management state machine that is characterized by the following states and the state transitions

as shown in FIG. 5.
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Table 3 — ONU power management states

State Semantics

(1) ActiveHeld A full power mode state in which full power operation is mandated by
the OLT. The ONU is fully responsive, forwarding downstream
traffic and responding to all bandwidth allocations. Power
management state transitions do not occur. The minimum sojourn in
this state is enforced by the Thold timer.

Both the OLT’s consent and ONU’s local decision are required for the
ONU to enter a low power mode.

(2) ActiveFree A full power mode state in which full power operation is at ONU’s
discretion. The ONU is fully responsive, forwarding downstream
traffic and responding to all bandwidth allocations. The OLT has
consented to ONU’s transition into a low power mode, which is now a
subject to ONU’s local decision.

Upon transition into the Aware state (which is stipulated by the local
stimulus ONU-LPC), the ONU sends an LPI-LowPower message to
the OLT.

(3) Aware A low power mode state allowing periodic bi-directional handshake
between the OLT and ONU. Both ONU receiver and transmitter
remain on. The ONU forwarding downstream traffic and responding
to all bandwidth allocations. The sojourn in the state is parametrically
controlled, if not truncated by the local stimulus ONU-WUC.

The state transitions between the three low power states, Aware,
Asleep, and Listen, do not involve any external signalling. Upon
transition into the ActiveHeld state (which is forced by an LPM-
Disallow message or a local stimulus ONU-WUC), the ONU sends an
LPI-Awake message to the OLT.

(4) Asleep A low power mode state in which the ONU shuts down both its
receiver and transmitter, retaining the ability to wake up on local
stimulus ONU-WUC. The sojourn in the state is parametrically
controlled, if not truncated by a local stimulus ONU-WUC. Before
exiting this state, the ONU ensures that it is fully powered up,
synchronized, and capable of responding to both upstream and
downstream traffic and control.

The state transitions between the three low power states, Aware,
Asleep, and Listen, do not involve any external signalling. Upon
transition into the ActiveHeld state (which is forced by a local
stimulus ONU-WUC), the ONU sends an LPI-Awake message to the
OLT.

10
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Table 3 — ONU power management states

State Semantics

(5) Listen A low power mode state in which the ONU has its transmitter off, but
the receiver on. The ONU listens to the downstream signal and
forwards downstream traffic, while retaining the ability to reactivate
the transmitter on local stimulus ONU-WUC or upon receipt of LPM-
Disallow message. The sojourn in the state is parametrically
controlled if not truncated by a local stimulus ONU-WUC or LPM-
Disallow message. Before exiting this state, the ONU ensures that it is
fully powered up, synchronized, and capable of responding to both
upstream and downstream traffic and control.

The state transitions between the three low power states, Aware,
Asleep, and Listen, do not involve any external signalling. Upon
transition into the ActiveHeld state (which is forced by an LPM-
Disallow message or a local stimulus ONU-WUC), the ONU sends an
LPI-Awake message to the OLT.

[0049] In some implementations, an ONU maintains a pair of complementary, mutually

exclusive internal conditions specified as follows.

Table 4 — ONU internal power conditions

Condition Semantics

ONU-LPC ONU Low Power Condition is based on local dynamic operational
and traffic load characteristics indicating that the ONU may go into
low power mode.

ONU-WUC ONU Wake-Up Condition is based on local dynamic operational and
traffic load characteristics indicating that the ONU must remain fully
powered.

[0050] In some implementations, the ONU maintains the following timing parameters to

control the ONU power management state machine and allows to specify the initial values of the

timers as follows.

Table 5 — ONU timing parameters

Timer Semantics

Thold The minimum sojourn in the ActiveHeld state. The timer is initialised
upon transition into the ActiveHeld state and blocks transition into the
ActiveFree state until expiration.

11
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Table 5§ — ONU timing parameters

Timer Semantics

Taware The minimum sojourn in the Aware state, which defines the duration
of the periodic bi-directional handshake between the OLT and an
ONU in a low power mode. The timer is initialised upon transition
into the Aware state; its expiration releases ONU’s transition to either
Asleep or Listen state.

Tlowpower (or Tlowp) The maximum combined sojourn in the Asleep and Listen states
between successive periodic bi-directional handshakes. The timer is
initialised upon transition from the Aware state to either Asleep or
Listen state; its expiration forces ONU’s transition back to the Aware
state.

Tsleep The maximum sojourn in the Asleep state. The timer is initialised
upon transition into the Asleep state; its expiration forces ONU’s
transition into the Listen state.

To configure pure Sleep mode operation, the initial value is set to
infinity with finite Tlisten and Tlowp initial values.

Tlisten The maximum sojourn in the Asleep state. The timer is initialised
upon transition into the Listen state; its expiration forces ONU’s
transition into the Asleep state.

To configure pure Doze mode operation, the initial value is set to
infinity with finite Tsleep and Tlowp initial values.

[0051] To support unified operation using three distinct power levels, in some
implementations, the ONU timing parameters Tsleep and Tlisten are initialized each to a finite
non-zero value, while Tlowpower is initialized to a finite value much larger than the initial
values of either Tsleep or Tlisten. Then, during operation, values can be adjusted through
parameter configuration to either Dozing or Cyclic Sleep modes. To implement Cyclic Sleep,
timing parameter Tsleep may be initialized to infinity, timing parameter Tlisten may be
initialized to zero, and timing parameter Tlowp may be initialized to finite non-zero value. To
implement ONU Dozing, timing parameter Tlisten may be initialized to infinity, timing
parameter Tsleep may be initialized to zero, and timing parameter Tlowp may be initialized to a
finite non-zero value.

[0052] In the state diagram depicted in FIG. 5, the binary flag SleepOFF (SleepOn being
its binary complement) is a matter of notational convenience which is used to indicate the
operation of the machine in the ONU dozing mode. An alternative implementation could make

a transition from Aware state upon expiration of the Taware timer unconditionally into the
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Asleep state. In the ONU dozing mode, Tsleep is initialized to zero, and the transition to Listen

would immediately follow.

OLT power management state machine

[0053] In some implementations, the OLT maintains an instance of the state machine for

each subtending ONU that is characterized by the following states and the state transitions as

shown in FIG. 6.

Table 6 — OLT power management states

State

Semantics

(1) AwakeForced

The OLT holds the ONU in a full power mode. The OLT provides
normal allocations to ONU, forwards downstream traffic, and expects
a response to every bandwidth grant.

Upon transition to and periodically during the sojourn in this state, the
OLT sends a LPM-Disallow message to the ONU.

(2) AwakeFree

The OLT consents to the ONU’s transition into a low power mode.
The OLT provides normal allocations to ONU, forwards downstream
traffic, and expects a response to every bandwidth grant.

Upon transition to and periodically during the sojourn in this state, the
OLT sends a LPM-Allow message to the ONU.

(3) LowPower

The OLT is aware that the ONU is in a low power mode. The OLT
provides at least signalling allocations to ONU, optionally forwards
downstream traffic, but does not expect a response to every
bandwidth grant.

Upon transition to and periodically during the sojourn in this state, the
OLT sends a LPM-Allow message to the ONU.

4) Alerted

The OLT attempts to bring the ONU back into a full power mode.
The OLT provides at least signalling allocations to ONU, optionally
forwards downstream traffic, but does not expect a response to every
bandwidth grant.

Upon transition to and periodically during the sojourn in this state, the
OLT sends a LPM-Disallow message to the ONU.

[0054] In some implementations, the OLT maintains a pair of complementary, mutually

exclusive internal conditions for each subtending ONU specified as follows.

13

Exhibit 1002
IPR2024-00899, USPN 9,806,892
228 of 362




WO 2014/012109 PCT/US2013/050533

Table 7 — OLT internal power conditions

Condition Semantics

OLT-LPC OLT Low Power Condition for a given ONU is based on local
dynamic operational and traffic load characteristics indicating that the
OLT consents to ONU going into a low power mode.

OLT-WUC OLT Wake-Up Condition for a given ONU is based on local dynamic
operational and traffic load characteristics indicating that the OLT
objects to ONU going into a low power mode.

[0055] In some implementations, the OLT maintains the following timing parameters to
control an instance of the OLT power management state machine and allows to specify the initial

values of the timers as follows.

Table 8 — OLT timing parameters

Timer Semantics

Terr The maximum allowed time between bi-directional handshakes
between the OLT and the ONU in a low power mode. The timer is
initialised upon transition into the LowPower state and is restarted
each time OLT receives a transmission from the ONU. Expiration of
the timer indicates a low power mode timing violation by the ONU, in
which case the OLT executes a transition into AwakeForced to
diagnose alleged loss of the ONU.

Talerted The maximum allowed time for the ONU to come out of the low
power mode upon OLT’s instruction to do so. The timer is initialised
upon transition into the Alerted state. Expiration of the timer indicates
a low power mode timing violation by the ONU, in which case the
OLT executes a transition into AwakeForced to diagnose alleged loss
of the ONU.

[0056] Referring to FIGS. 7A through 7E, the present power management technology
can improve power efficiency in the system shown in FIG. 7A.

[0057] FIG. 7B is an illustration of the ONU state machine in which the left side branch
(sleep aware and asleep states) in FIG. 7A is eliminated to highlight low power aware operation.
[0058] FIG. 7C illustrates an expanded view of the internal semantics of the LowPower
state to allow two alternating power levels (Receive or Rx on, and Rx off).

[0059] FIG. 7D is an example of a prior art OLT state machine. Note that the transition

between sleep and doze states always goes through an awake state.
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[0060] FIG. 7E is an alternate embodiment of the state machine depicted in FIG. 6. The
state diagram in FIG. 7E uses the state diagram depicted in FIG. 7D and eliminates one of the
two low power branches.

[0061] FIG. 8 is a flow chart representation of a unified power management method 800.
The method 800 may be implemented on an ONU 120.

[0062] At 802, method 800 operates an ONU in a first state in which a transmitter of the
ONU is turned off and a receiver of the ONU is turned on. For example, in some
implementations, the first state may be the dozing state 210 discussed above.

[0063] At 804, method 800 operates the ONU in a second state in which both the
transmitter and the receiver are turned off. In some implementations, the second state may
correspond to the sleep state 220 discussed above.

[0064] At 806, method 800 directly transitions the ONU between the first state and the
second state, based on a power management rule. Direct transition refers to changing the
operational state of the ONU between the first and the second states without having to go
through an intermediate third state in which the power utilized by the ONU increases (e.g., as in
the Active state previously discussed). One power management rule may be based on the
timing parameters that control how long the ONU can be in the first or the second mode (e.g., in
sleep or dozing mode, as discussed previously). Other power management rules include
transitioning based on a user input (e.g., phone going off the hook), responding incoming control
messages from the OLT that specify entering or exiting the first and the second states, and so on.
[0065] FIG. 9 is a block diagram representation of an optical communications apparatus
900. The module 902 is for operating an optical network unit (ONU) in a first state (e.g.,
dozing) in which a transmitter of the ONU is turned off and a receiver of the ONU is turned on.
The module 904 is for operating the ONU in a second state (e.g., sleep state) in which both the
transmitter and the receiver are turned off. The module 906 is for transitioning the ONU
directly between the first state and the second state, based on a power management rule. In some
implementations, the transition may be achieved autonomously (i.e. without communication with
an external network entity). In some implementations, the transition may be based on a message
received from another network entity such as the OLT. In some implementations, the transition

may be based on obtaining permission to transit from one low power mode to another low power
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mode, obtained by sending a request message from the ONU to the OLT and receiving a
corresponding grant message from the OLT.

[0066] FIG. 10 is a flow chart representation of a process 1000 of controlling operation
of an optical network unit (ONU), operating in a passive optical network (PON).

[0067] At 1002, the process 1000 operates an OLT to generate a message that causes a
direct transition of the ONU from a first low power mode in which the ONU is able to receive
but not transmit to a second low power mode in which the ONU does not receive and transmit.
[0068] At 1004, the process 1000 transmits the generated message from the OLT to the
ONU. As previously discussed, the OLT may control the low power operation of ONUs by either
explicitly providing control messages or by granting requests from the ONUEs, e.g., transitioning
from a dozing mode to a sleep mode. In some implementations, the process 1000 may further
locally keep track of the state in which each ONU served by the OLT is.

[0069] FIG. 11 is a block diagram representation of an optical communications apparatus
1100. The module 1102 is for operating an optical line terminal (OLT) to generate a message
that causes a direct transition of the ONU from a first low power mode in which the ONU is able
to receive but not transmit to a second low power mode in which the ONU does not receive and
transmit. The module 1104 is for transmitting the generated message from the OLT to the
ONU.

[0070] Tt will be appreciated that unified power management techniques are disclosed,
allowing a device to extend battery life without unduly sacrificing responsiveness to
communication requests. While the disclosed embodiments are with respect to the application to
optical communications network, the disclosed techniques are equally applicable to other
communications networks including wired and wireless networks.

[0071] The disclosed and other embodiments, modules and the functional operations
described in this document can be implemented in digital electronic circuitry, or in computer
software, firmware, or hardware, including the structures disclosed in this document and their
structural equivalents, or in combinations of one or more of them. The disclosed and other
embodiments can be implemented as one or more computer program products, i.e., one or more
modules of computer program instructions encoded on a computer readable medium for
execution by, or to control the operation of, data processing apparatus. The computer readable

medium can be a machine-readable storage device, a machine-readable storage substrate, a
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memory device, a composition of matter effecting a machine-readable propagated signal, or a
combination of one or more them. The term “data processing apparatus” encompasses all
apparatus, devices, and machines for processing data, including by way of example a
programmable processor, a computer, or multiple processors or computers. The apparatus can
include, in addition to hardware, code that creates an execution environment for the computer
program in question, e.g., code that constitutes processor firmware, a protocol stack, a database
management system, an operating system, or a combination of one or more of them. A
propagated signal is an artificially generated signal, e.g., a machine-generated electrical, optical,
or electromagnetic signal, that is generated to encode information for transmission to suitable
receiver apparatus.

[0072] A computer program (also known as a program, software, software application,
script, or code) can be written in any form of programming language, including compiled or
interpreted languages, and it can be deployed in any form, including as a stand alone program or
as a module, component, subroutine, or other unit suitable for use in a computing environment.
A computer program does not necessarily correspond to a file in a file system. A program can be
stored in a portion of a file that holds other programs or data (e.g., one or more scripts stored in a
markup language document), in a single file dedicated to the program in question, or in multiple
coordinated files (e.g., files that store one or more modules, sub programs, or portions of code).
A computer program can be deployed to be executed on one computer or on multiple computers
that are located at one site or distributed across multiple sites and interconnected by a
communication network.

[0073] The processes and logic flows described in this document can be performed by
one or more programmable processors executing one or more computer programs to perform
functions by operating on input data and generating output. The processes and logic flows can
also be performed by, and apparatus can also be implemented as, special purpose logic circuitry,
e.g., an FPGA (field programmable gate array) or an ASIC (application specific integrated
circuit).

[0074] Processors suitable for the execution of a computer program include, by way of
example, both general and special purpose microprocessors, and any one or more processors of
any kind of digital computer. Generally, a processor will receive instructions and data from a

read only memory or a random access memory or both. The essential elements of a computer are
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a processor for performing instructions and one or more memory devices for storing instructions
and data. Generally, a computer will also include, or be operatively coupled to receive data from
or transfer data to, or both, one or more mass storage devices for storing data, e.g., magnetic,
magneto optical disks, or optical disks. However, a computer need not have such devices.
Computer readable media suitable for storing computer program instructions and data include all
forms of non volatile memory, media and memory devices, including by way of example
semiconductor memory devices, e.g., EPROM, EEPROM, and flash memory devices; magnetic
disks, e.g., internal hard disks or removable disks; magneto optical disks; and CD ROM and
DVD-ROM disks. The processor and the memory can be supplemented by, or incorporated in,
special purpose logic circuitry.

[0075] While this patent document contains many specifics, these should not be
construed as limitations on the scope of an invention that is claimed or of what may be claimed,
but rather as descriptions of features specific to particular embodiments. Certain features that are
described in this document in the context of separate embodiments can also be implemented in
combination in a single embodiment. Conversely, various features that are described in the
context of a single embodiment can also be implemented in multiple embodiments separately or
in any suitable sub-combination. Moreover, although features may be described above as acting
in certain combinations and even initially claimed as such, one or more features from a claimed
combination can in some cases be excised from the combination, and the claimed combination
may be directed to a sub-combination or a variation of a sub-combination. Similarly, while
operations are depicted in the drawings in a particular order, this should not be understood as
requiring that such operations be performed in the particular order shown or in sequential order,
or that all illustrated operations be performed, to achieve desirable results.

[0076] Only a few examples and implementations are disclosed. Variations,
modifications, and enhancements to the described examples and implementations and other

implementations can be made based on what is disclosed.
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CLAIMS

What is claimed is:

1. A method of optical communication in a passive optical network, comprising:

operating an optical network unit (ONU) in a first state in which a transmitter of the ONU
is turned off and a receiver of the ONU is turned on;

operating the ONU in a second state in which both the transmitter and the receiver are
turned off; and

transitioning the ONU directly between the first state and the second state, based on a

power management rule.

2. The method of claim 1, further comprising:
operating the ONU in a third state in which both the transmitter and the receiver are

turned on.

3. The method of claim 1, further comprising:

receiving, by the receiver, a power management message from an optical line terminal
(OLT); and

configuring the power management rule based on the received power management

message.

4, The method of claim 1, wherein the power management rule specifies a first time
period for operation in the first state and a second time period for operation in the second state
and wherein the transitioning is performed upon expiration of at least one of the first time period

and the second time period.

5. The method of claim 1, further comprising:
transmitting, to an optical line terminal, a message indicative of the transitioning between

the first state and the second state.

6. The method of claim 1, further comprising:
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receiving, by the receiver, a power management message from an optical line terminal;
and
performing the transitioning responsive to the received power management message and

a local decision to change an operational state.

7. An optical communication apparatus in a passive optical network, comprising:

means for operating an optical network unit (ONU) in a first state in which a transmitter
of the ONU is turned off and a receiver of the ONU is turned on;

means for operating the ONU in a second state in which both the transmitter and the
receiver are turned off; and

means for transitioning the ONU directly between the first state and the second state,

based on a power management rule.

8. The apparatus of claim 7, further comprising:
means for operating the ONU in a third state in which both the transmitter and the

receiver are turned on.

9. The apparatus of claim 7, comprising:

means for receiving, by the receiver, a power management message from an optical line
terminal; and

means for configuring the power management rule based on the received power

management message.

10. The apparatus of claim 7, wherein the power management rule includes a first
time period for operation in the first state and a second time period for operation in the second
state and wherein the means for transitioning performs a state transition upon expiration of at

least one of the first time period and the second time period.

11. The apparatus of claim 7, further comprising:
means for receiving a power management message from an optical line terminal; and

means for performing the transitioning responsive to the received power management
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message and a local decision to change an operational state.

12. An optical communication apparatus, comprising:

a memory that stores processor-executable instructions; and

a processor that uses the stored instructions to implement a method, comprising operating
an optical network unit (ONU) in a first state in which a transmitter of the ONU is turned off and
a receiver of the ONU is turned on; and operating the ONU in a second state in which both the
transmitter and the receiver are turned off; and

wherein the processor includes means for transitioning the ONU directly between the first

state and the second state, based on a power management rule.

13. The apparatus as in claim 12, wherein the processor further uses the stored
instructions to implement the method by receiving, by the receiver, a power management
message from an optical line terminal (OLT) and configuring the power management rule based
on the received power management message, wherein the power management rule specifies a
first time period for operation in the first state and a second time period for operation in the
second state and wherein the transitioning is performed upon expiration of at least one of the first

time period and the second time period.

14. An optical line terminal (OLT) for operation in a passive optical network (PON),
the optical line terminal comprising:

a processor configured to generate messages for controlling a transition of an optical
network unit from a first low power state in which a receiver of the optical network unit is turned
on but a transmitter of the optical network unit is turned off to a second low power state in which
both the receiver and the transmitter of the optical network unit are turned off; and

a transmitter configured to transmit the generated messages to the optical network unit.

15. The optical line terminal as in claim 14, wherein the processor includes means for
specifying a first time period for operation in the first low power state and a second time period
for operation in the second low power state and wherein the transition of the optical network unit

from the first low power state to the second low power state is controlled to occur upon

21

Exhibit 1002
IPR2024-00899, USPN 9,806,892
236 of 362



WO 2014/012109 PCT/US2013/050533

expiration of at least one of the first time period and the second time period.

16. A passive optical network (PON) communications system, comprising:

an optical network unit (ONU) operable in a first low power mode in which the ONU is
able to receive but not transmit and a second low power mode in which the ONU is not able to
either receive or transmit;

an optical line terminal (OLT) communicably coupled to the ONU, the OLT configured
to transmit a control message to the ONU to control at least one aspect of transition of the ONU

between the first low power mode and the second low power mode.

17. The system as in claim 16, wherein:

the OLT is configured to transmit the control message that includes a power management
rule that specifies a first time period for operation in the first slow power state and a second time
period for operation in the second low power state and to control the ONU to transition from the
first low power state to the second low power state upon expiration of at least one of the first

time period and the second time period.
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(PCT Article 18 and Rules 43 and 44)

Applicant's or agent's file reference

FOR FURTHER see Form PCT/ISA/220
009065-8132W001 ACTION as well as, where applicable, item 5 below.
International application No. International filing date (day/montivyear) (Earliest) Priority Date (day/month/year)
PCT/US2013/050533 15 July 2013 (15.07.2013) 13 July 2012 (13.07.2012)

Applicant
ZTE CORPORATION et al

This International search report has been prepared by this International Searching Authority and is transmitted to the applicant according
to Article 18. A copy is being transmitted to the Intemational Bureau.

This international search report consists of a total of 3 sheets.

D It is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of :

& the international application in the language in which it was filed
a translation of the international application into , which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

b. D This international search report has been established taking into account the reetification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.644s(a)).

[ I:I With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I.

2. D Certain claims were found unsearchable (See Box No. [I)
3. D Unity of invention is lacking (See Box No. 111)

4, With regard to the title,
the text is approved as submitted by the applicant.
D the text has been established by this Authority to read as follows:

5. With regard to the abstract,

)x( the text is approved as submitted by the applicant.

[:] the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. I'V. The applicant

may, within one month from the date of mailing of this international search report, submit comments to this Authority.

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. 1

as suggested by the applicant.

I:l as selected by this Authority, because the applicant failed to suggest a figure.

I:] as selected by this Authority, because this figure better characterizes the invention.
b. D none of the figure is to be published with the abstract,
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International application No.

WRITTEN OPINION OF THE
PCT/US2013/050533

INTERNATIONAL SEARCHING AUTHORITY

Box No. 1 Basis of this opinion

. With regard to the language, this opinion has been established on the basis of :

the international application in the language in which it was filed
, which is the language of a

[:] a translation of the international application into
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

2. I:] This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified

to this Authority under Rule 91 (Rule 43is.1(a))
With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been

established on the basis of:

a. a sequence listing filed or furnished

[:] on paper

[:I in electronic form

b. time of filing or furnishing
contained in the international application as filed.
[:I filed together with the international application in electrenic form.
[_—_I furnished subsequently to this Authority for the purposes of search.

4. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additioan] copies is identical to that in the application as filed or does

not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:

Form PCT/ISA/237 {Box No. I)( July 2011)
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International application No.

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US2013/050533

Box No. V Reasoned statement under Rule 43bis.1(a)(f) with regard to novelty, inventive step or industrial applicability;

citations and explanatious supporting such statement

1.

Statement
Novelty (N) Claims  1-17 YES
Claims NONE NO
Inventive step (IS) Claims NONE YES
Claims _1-17 NO
Industrial applicability (IA) ~ Claims ~ 1-17 YES
Claims NONE NO

2. Citations and explanations :

Reference is made to the following document:
DI: US 2012-0163808 Al (GEUN YONG KIM et al.) 28 June 2012
2.1 Novelty (PCT Article 33(2)) and Inventive Step (PCT Article 33(3))

2.1.1 Claims 1-6

DI, which is considered to be the closest prior art to the subject matter of independent
claim 1, discloses a method comprising: operating an optical network unit (ONU) in a dozing
mode implying a period in which a transmitter is turned-off (see paragraph 37); and operating
the optical network unit in a cyclic sleep mode implying a period in which both the transmitter
and a receiver are turned-off (see paragraph 37). The technical feature of “transitioning the
ONU directly between a first state and a second state, based on a power management rule” is
not explicitly disclosed in DI1. However, said feature is virtually suggested by the same
document, considering that an ITU-T is performing standardization for two modes, the dozing
mode and the cyclic sleep mode under a recognition of the need to save power in the ONU
(see paragraph 33). Thus, a person skilled in the art would easily conceive the idea of
employing the feature of claim 1. Accordingly, claim | would have been obvious over DI.

Therefore, claim 1 lacks an inventive step under PCT Article 33(3).

The additional feature of claim 2 depending on claim 1 is disclosed in D1 (an active
interval implies a period in which both the transmitter and the receiver are turned-on; see

paragraph 37). Therefore, claim 2 lacks an inventive step under PCT Article 33(3).

The additional feature of claim 3 depending on claim 1 can be easily derived by a person
skilled in the art from the feature of D1 (the ONT which receives an upstream bandwidth

Continued on Supplemental Box

Form PCT/ISA/237 (Bex No. V) (July 2011)
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International application No.
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INTERNATIONAL SEARCHING AUTHORITY PCT/US2013/050533

Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of : Box No. V

allocation transmits a sleep request OFF message requesting the transition to the normal mode

to the OLT; see paragraph 49). Therefore, claim 3 lacks an inventive step under PCT Article
33(3).

The additional feature of claim 4 depending on claim 1 can be easily derived by a person
skilled in the art from the feature of DI (the ONU periodically turns on/off the receiver
through signaling between an OLT and the ONU (dozing mode) and simultaneously tumns
on/off the transmitter and the receiver (cyclic sleep mode), thereby saving the standby power,
wherein a sleep interval implies the period in which the transmitter is turned-off in the dozing
mode and the period in which both the transmitter and the receiver are turned-off in the cyclic
sleep mode; see paragraphs 37, 57). Therefore, claim 4 lacks an inventive step under PCT
Article 33(3).

The additional feature of claim 5 depending on claim 1 can be easily derived by a person
skilled in the art from the feature of DI (the OLT receives a sleep request OFF message
transitions to the active state and transmits the sleep allow OFF message allowing the transition
to the normal mode to the corresponding ONU; see paragraph 50). Therefore, claim 5 lacks an
inventive step under PCT Article 33(3).

The additional feature of claim 6 depending on claim 1 can be easily derived by a person
skilled in the art from the feature of D1 (since the sleep allow ON message received in the
active interval within the cyclic sleep mode is used to ask whether the ONU is normally
operated or not, the ONU transmits an empty burst as an acknowledgement that the ONU is
normally operated to the OLT, and then, transitions to the sleep mode; see paragraph 44).
Therefore, claim 6 lacks an inventive step under PCT Article 33(3).

2.1.2 Claims 7-11

The features of independent apparatus claim 7 essentially correspond to those of method
claim 1. Thus, the same reasoning as in claim 1 applies to claim 7. Therefore, claim 7 lacks
an inventive step under PCT Article 33(3).

The additional features of claims 8-11 depending on claim 7 essentially correspond to those
of claims 2-4 and 6, respectively. Accordingly, the same reasoning as in claims 2-4 and 6
applies to claims 8-11. Therefore, claims 8-11 lack an inventive step under PCT Article 33(3).

Continued on The Next Page
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2.1.3 Claims 12-13

Claim 12 relates to an optical communication apparatus in accordance with claim | relating
to a method. The apparatus of claim 12 comprises a memory, and a processor which uses
stored instructions to implement the method that is the same as that defined in claim 1. As the
features of claim 12 essentially correspond to the features of claim | except for the category,
the same reasoning as in claim 1 applies to claim 12. Therefore, independent claim 12 lacks
an inventive step under PCT Article 33(3).

The additional feature of claim 13 depending on claim 12 can be easily derived by a person
skilled in the art from the feature of D1 (an optical network unit (ONU) periodically turns
on/off a receiver through signaling between an OLT and the ONU (dozing mode) and
simultaneously turns-on/off a transmitter and the receiver (cyclic sleep mode), thereby saving
the standby power, wherein a sleep interval implies the period in which the transmitter is
turned-off in the dozing mode and the period in which both the transmitter and the receiver
are turned-off in the cyclic sleep mode; see paragraphs 37, 57). Therefore, claim 13 lacks an
inventive step under PCT Article 33(3).

2.1.4 Claims 14-15

D1, which is considered to be the closest prior art to the subject matter of independent
claim 14, discloses an optical line terminal (OLT) comprising a controller configured to control
an operation of the OLT, wherein an ONU periodically turns on/off a receiver through
signaling between the OLT and the ONU (dozing mode) and simultaneously turns on/off a
transmitter and the receiver (cyclic sleep mode) and parameters associated with power saving
include a sleep interval and an active interval (see paragraphs 37, 57, 82). The technical
feature of “a transmitter configured to transmit the generated messages to the optical network
unit (ONU)” is not explicitly disclosed in DI1. However, said feature is virtually suggested by
the same document, considering that the ONU receiving the sleep allow OFF message is
switched into the normal mode and transmits the sleep request OFF message as the response
for the sleep allow OFF message to the OLU (see paragraph 55). Thus, a person skilled in the
art would easily conceive the idea of employing the feature of claim 14. Accordingly, claim 14
would have been obvious over DI1. Therefore, claim 14 lacks an inventive step under PCT
Article 33(3).

Continued on The Next Page
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The additional feature of claim 15 depending on claim 14 can be easily derived by a person
skilled in the art from the feature of DI (the ONU periodically turns on/off the receiver
through signaling between the OLT and the ONU (dozing mode) and simultaneously turns
on/off the transmitter and the receiver (cyclic sleep mode), thereby saving the standby power,
wherein a sleep interval implies the period in which the transmitter is turned-off in the dozing
mode and the period in which both the transmitter and the receiver are turned-off in the cyclic
sleep mode; see paragraphs 37, 57). Therefore, claim 15 lacks an inventive step under PCT
Article 33(3).

2.1.5 Claims 16-17

D1, which is considered to be the closest prior art to the subject matter of independent
claim 16, discloses a passive optical network (PON) communications system comprising an
optical network unit (ONU) periodically turning on/off a receiver through signaling between an
OLT and the ONU (dozing mode) and simultaneously turning on/off a transmitter and the
receiver (cyclic sleep mode), thereby saving the standby power, wherein the sleep interval
implies a period in which the transmitter is turned-off in the dozing mode and the period in
which both the transmitter and the receiver are turned-off in the cyclic sleep mode (see
paragraphs 37, 57). The technical feature of *an optical line terminal (OLT) configured to
transmit a control message to the ONU” is not explicitly disclosed in DI1. However, said
feature is virtually suggested by the same document, considering that an OLT transmits the
sleep allow ON message allowing the transition to a next sleep mode to the ONT (see
paragraph 43). Thus, a person skilled in the art would easily conceive the idea of employing
the feature of claim 16. Accordingly, claim 16 would have been obvious over DI1. Therefore,
claim 16 lacks an inventive step under PCT Article 33(3).

The additional feature of claim 17 depending on claim 16 can be easily derived by a person
skilled in the art from the feature of Dl (the ONU periodically turns on/off the receiver
through signaling between the OLT and the ONU (dozing mode) and simultaneously turns
on/off the transmitter and the receiver (cyclic sleep mode), thereby saving standby power,
wherein a sleep interval implies the period in which the transmitter is turned-off in the dozing
mode and the period in which both the transmitter and the receiver are turned-off in the cyclic
sleep mode; see paragraphs 37, 57). Therefore, claim 17 lacks an inventive step under PCT
Article 33(3).
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Form PCT/ISA/237 (Supplemental Box) (July 2011)

Exhibit 1002
IPR2024-00899, USPN 9,806,892
262 of 362



International application No.
WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY PCT/US2013/050533

Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of : Previous Page

2.2 Industrial Applicability (PCT Article 33(4))

Claims 1-17 are industrially applicable under PCT Article 33(4).
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"METHOD AND APPARATUS FOR UNIFIED OPTICAL NETWORK

UNIT (ONU) POWER MANAGEMENT IN A PASSIVE OPTICAL
NETWORK (PON) o

BACKGROUND

[0001] - This document relates to systems, devices, énd techniques for data
communications in a passive optical network. In one aspect, this document relates to power
saving methods in an optical network unit of a passive optical network.

[0002] A passive optical network (PON) is an optical network architecture based on
point-to-multipoint (P2MP) topology in which a single optical fiber and multiple passive
branching points are used to provide data communication services. A PON system can
facilitate user access with a service pfovider communication facility to access
telecommunication, information, entertainment, and other resources of the Internet. A PON
system can include a central node, called an optical line terminal (OLT), which can be in
connection with a single or multiple user nodes called optical network units (ONUs) via a
passive optical distribution network (ODN). An OLT can be located at the access provider's
communication facility (central office). An ONU can be located at or near the access user's
premises. An ONU draws electrical power from the user’s premises power supply network

and may employ battery backup to Support communication services in case of power outage.

[0003] Better power management techniques are desirable to improve battery life of an
ONU.

SUMMARY
[0004] Method and apparatus are disclosed that, in one beneficial aspect, are useful to

reduce the power consumption of an optical network unit in a PON. Implementations

described in this document can potentially provide several advantages. For example, the
disclosed method and apparatus can allow an access provider to guarantee the lifeline services
to the customers for increased duration of operational time during power outages reduce the

size and cost of the battery backup unit, reduce overall green-house gas emission and carbon
footprint of the information and communication technologies based on passive optical networks,
etc. The disclosed technique is superior in terms of power saving efficiency to available prior
state-of-the-art techniques. For example, the disclosed technique is superior to the Dozing

method, at least due to substantially lower on average power level during the low power cycle.
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The disclosed technique is also superior to the Cyclic Sleep method at least because of the
decoupling of the external stimulus latency from the power efficiency and, consequently,
substantially larger possible relative duration of the low power cycle. In one beneficial aspect,

the disclosed techniques allow ONUs to transition between a dozing state and a sleep state.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Figure 1 shows an exemplary PON system comprising an OLT 110, plurality of
ONUs 120; and an ODN that comprises optical feeder fiber, or trunk fiber 130, sphtter 140, and
multiple distribution fibers 150. »

[0006] Figure 2 illustrates a power consumption profile of a conventional power
management technique based on ONU dozing.

[0007] Figure 3 illustrates a power consumption profile of a conventional power
management technique based on cyclic sleeping.

[0008] Figure 4 illustrates a power consumption profile of an embodiment of the

disclosed unified ONU power management method.

[0009] Figure 5 illustrates a state machine that governs ONU’s behavior in an
embodiment of the unified power management method.

[0010] Figure 6 illustrates a state machine that governs OLT’s behavior in an
embodiment of the unified power management method.

[0011] Figure 7 illustrates a prior art state machine for ONU power management.
[0012] Figure 8 is a flow chart representation of a unified power management method.
[0013] Figure 9 is a block diagram representation of a portion of an apparatus that
implements unified power management technique disclosed in the document.

[0014] Figure 10 is a flow chart representation of a process of operating an OLT.
[0015) Figure 11 is a block diagram representation of a portion of an apparatus for

optical communications.
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DETAILED DESCRIPTION

[0016] Techniques for unified power management of an optical network unit (ONU) in

which the ONU can transition between multiple low power states without having to transition to

a high power state are disclosed. In the description that follows, all terminology, to the extent

used in the ITU-T XG-PON standards documents and not explicitly discussed in this document,
is intended to be consistent wit the ITU-T standards documents.

[0017] A PON system can use optical fiber to connect the user premises to the provider
communication facility. = The PON Optical Distribution Network (ODN) can include a point-
to-multipoint (P2MP) optical fiber infrastructure where passive branching pomts can be
represented by optical splitters are other similar passive optical devices. These passive ODN
equipments can be deployed in street cabinets, closets, underground utility holes, cable
chambers, and other installations and require no electrical power and little maintenance. The
PON ODN can be attached to the OLT with a single strain of optical fiber.

[0018] Optical network units (ONUs) can be deployed at or near user premises. An
ONU is an active network element that draws electric power from the power supply network
present at or near the access user’s premises and in some cases is equipped with a battery-based
power backup unit to allow limited operations in case of the power supply network failure.
Conservation of the power consumed by an ONU is an operation requirement that can be
associated with two objectives. First, the requirement is driven by the emergency services
support under the power supply network failure and is targeted at the prolongation of the )
battery operation time or, alternatively, reduction of the size and cost of the battery. Second,
the requirement focuses on conserving power in regular (based on the power supply network)
operations and minimizing the carbon dioxide emissions generated by information and
communications technologies (ICTs).

[0019] Conventional standard-based PON systems, such as Ethernet PON (EPON),
Broadband PON (BPON), Gigabit PON (G-PON) consider an ONU to be in a permanent link-
layer association with the OLT: the ONU continuously listen to the downstream transmission
over the P2MP optical channel and may be required to transmit protocol information upstream,
even if there is no user data to exchange. Therefore, the ONU’s optical transceiver
continuously remains fully operational and fully powered. These conventional PON systems
typically support only the basic, one-sided power conservation technique, such power shedding,
characterized by powering off or reducing power to non-essential functions and services while

maintaining a fully operational optical link.
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[0020] The more advanced standard-based PON systems, such as 10 Gigabit/sec EPON
(10G-PON), and 10 Gigabit/sec PON (XG-PON), introduced protocol-based power-saving
techniques that employ a signalling mechanism between the OLT and the ONU to function
properly. These techniques involve defining several power levels and specifying the cyclic
behavior of an ONU which periodically switches between the full power level and one lower
power level.

[0021] Besides the full power level, the standard-based 10 Gigabit/sec PON (XG-PON)
system identifies the ONU Dozing power level, which is characterized by powering off of the
ONU transmitter and the associated circuitry for substantial periods of time on the condition
that the receiver remains continuously on, and the ONU Sleeping power level, which is
characterized by both ONU transmitter and ONU receiver are turned off for substantial periods
oftime. : '
[0022] Figure 7 shows the state machine behavior 700 of a PON ONU, as specified in
one currently published PON standard (ITU-T G.987.3, 10-Gigabit-capable passive optical
networks (XG-PON): Transmission convergence (TC) layer specification, publication date
October 2010). From the initial state "Active Free" 702, the ONU can either transition into a

.Sleep Aware state 704 or a Doze Aware state 706 (further described below). However, no direct

transition between the Doze Aware and the Sleep Aware states 704, 706 are provided.
Conventional ONUs therefore lack the technology of directly transitioning between two low
power consumption states without having to go through an active state (e.g., a full powered
state). In one aspect, such a transition through the active state may increase the power
consumed by the ONU, thereby undesirably reducing batter life.
[0023] Figure 2 depicts example ONU power consumption profile, that is, the power P
consumed by the ONU as a function of time £, in case if ONU Dozing mode is implemented.
The full power level 200 is characterized by both ONU receiver and ONU transmitter being
power on with associated circuitry. The dozing power level 210, which is lower than full
power level 200, but substantially higher than zero, is characterized by the ONU transmitter
with the associated circuitry being powered off, and the transmitter remaining on. Two timing
parameter, which can be configured into the ONU in advance, govern specific pattern of the
power consumption: time interval 250 is the maximum time an ONU can be allowed to abstain
from upstream transmissions without being declared in violation of the protocol, while the time
interval 260 is the minimum time required for the OLT and ONU to perform periodic bi-
directional handshake with both ONU transmitter and ONU receiver being fully powered and
fully operational. The longer time interval 250 is with respect to time interval 260, the more
4 181203616
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efficient the technique is in relative terms. Since the ONU receiver remain continuously
powered, the latency of detecting an external wake-up stimulus (a signal form the OLT to enter
full power operation, in response, for example, to an incoming call) is close to that of full-
power operation and is comparable to round-trip propagation delay. The continuously
powered ONU receiver may limit the overall power-saving efficiency. v
[0024] Figure 3 depicts example ONU power consumption profile, that is, the power P
consumed by the ONU as a function of time t, when ONU Cyclic sleep mode is implemented.
The full power level 200 is characterized by both ONU receiver and ONU transmitter being
power on with associated circuitry. The sleeping power level 220, is characterized by both the
ONU transmitter and ONU receiver with the associated circuitry being powered off, and is
typically close to zero. Two configurable timing parameter govern specific pattern of the
power consumption: time interval 270 is the minimum time required for the OLT and ONU to
perform periodic bi-directional handshake with both ONU transmitter and ONU receiver being
fully powered and fully operational; time interval 280 is the maximum time an ONU can be
allowed to abstain from upstream transmissions and from receiving downstream traffic at the
same time. While turning off both the transmitter and receiver is the most efficient way to
save power, the latency of detecting an external wake-up stimulus may increase by as much as
time interval 280. Therefore, in order to maintain short enough external wakeup latency, time
interval 280 may be kept small, thys reducing the overall power efficiency.
[0025] Both the above discussed cyclic power management techniques (Figure 2 and
Figure 3) involve the ONU toggling between two power levels: the full power level and the
Dozing level (Figure 2) or between the full power level and the sleeping level (Figure 3). In
some implementations, the bower management behavior of an ONU may be configured by
specifying two parameters: the maximum time in the lower power mode, and the minimum time
in the full power mode. The values of the configuration parameters depend on the kind of
services a system is expected to support, as well as the required availability of those services.
[0026] In one distinguishing aspect, in some embodiments, the unified power
management method disclosed in this document integrates the two cyclic power management
techniques generally shown in Figures 7,2 and 3, in a single unified behavior that involves
ONU power consumption alternating between at least three levels and is controlled by at least
four timing parameters. When in a power saving mode, the ONU mostly toggles between the
Sleeping power level (with the lowest power consumption) and the Dozing power level (with
the next lowest power consumption), only occasionally returning to the full-power level
operation. ‘ :
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[0027}) With reference to Figure 4, in which one example power profile of the unified
power management technique is depicted, the operation of the unified power management
technique can be explained as follows. The full power level 200 is characterized by both ONU
receiver and ONU transmitter being power on with associated circuitry. The sleeping power
level 220, is characterized by both the ONU transmitter and ONU receiver with the associated
circuitry being power off, and is reasonably close to zero. The intermediate dozir-lg power
level 210 is characterized by the ONU transmitter with the associated circuitry being power off,
and ONU receiver remaining on. Time interval 320 (as time intervals 260 and 270) is the

minimum duration of the periodic bi-directional handshake between the OLT and the fully

. powered and operational ONU. Time interval 310 is the maximum allowed duration between

consecutive bi-directional handshakes. Time interval 330 is the minimum time that the ONU
listens to the downstream transmission in order to obtain any necessary signalling indications.
Time interval 340 is the maximum time the ONU is allowed to abstain from upstream
transmissions and from receiving downstream traffic at the same time.

[0028] As can be seen, the power reduction during the low power cycle depends on the
ratio of time interval 310 to time interval 320, which can be made large, while the latency in
Tesponse to an external stimulus depends on time interval 340, which can be relatively small.
Therefore, in one advantageous aspect, the disclosed unified power management technique is
superior in terms of power saving efficiency to both the Dozing method, due to substantially
lower on average power level during the low power cycle, and the Cyclic Sleep method (as
previously discussed with respect to Figures 2 and 3), due to decoupling of the external
stimulus latency from the power efficiency and, consequently, substantially larger possible
relative duration of the low power cycle. '

[0029] It will be appreciated that the specific values of the time intervals 3 10, 320, 330
and 340 may be implementation-specific and may depend on operational considerations such as
regulatory requirements, target time for battery life, and so on. For example, maximum dwell
time in sleep state may be about 1 to 2 seconds, so that the ONU is responsivé to an incoming
call within a couple of seconds. Similarly, maximum dwell time in the doze state may be

relatively large (e.g., several tens of seconds or minutes, e.g., 2 minutes or 1 hour).

IMPLEMENTATION EXAMPLES
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Low power mode signaling between OLT and ONU

[0030] In some implementations, the low power primitives specified in the following

tables can be exchanged between OLT and ONU via appropriate management channel.

Table 1 —~ OLT Low power management primitives

Primitive | Semantics
LPM-Allow | OLT grants consent to ONU’s transition into a low power mode
| LPM-Disallow OLT withdraws consent to ONU’s transition into a low power mode

Table 2 — ONU Low pewer indication primitives

Primitive Semantics

| LPI-LowPower - ONU indicates its transition into a low power mode
LPI-Awake ONU indicates its exit from a low power mode

5 ONU power management state machine
[0031] In some implementations, each ONU maintains an instance of the power

management state machine that is characterized by the following states and the state transitions
as shown in Fig. 5.
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Table 3 —- ONU power management states

State

Semantics

(1) ActiveHeld

A full power mode state in which full power operation is mandated by
the OLT. The ONU is fully responsive, forwarding downstream
traffic and responding to all bandwidth allocations. Power
management state transitions do not occur. The minimum sojourn in
this state is enforced by the Thold timer.

| Both the OLT’s consent and ONU’s local decision are required for the |

ONU to enter a low power mode.

' (2) ActiveFree

A full power mode state in which full power operation is at ONU’s
discretion. The ONU is fully responsive, forwarding downstream
traffic and responding to all bandwidth allocations. The OLT has
consented to ONU’s transition into a low power mode, which is now a
subject to ONU’s local decision.

Upon transition into the Aware state (which is stipulated by the local
stimulus ONU-LPC), the ONU sends an LPI-LowPower message to
the OLT.

(3) Aware

A low power mode state allowing periodic bi-directional handshake

| between the OLT and ONU. Both ONU receiver and transmitter

remain on. The ONU forwarding downstream traffic and responding
to all bandwidth allocations. The sojourn in the state is parametrically
controlled, if not truncated by the local stimulus ONU-WUC.

The state transitions between the three low power states, Aware,
Asleep, and Listen, do not involve any external signalling. Upon
transition into the ActiveHeld state (which is forced by an LPM-
Disallow message or a local stimulus ONU-WUC), the ONU sends an
LPI-Awake message to the OLT.

(4) Asleep

A low power mode state in which the ONU shuts down both its
receiver and transmitter, retaining the ability to wake up on local
stimulus ONU-WUC. The sojourn in the state is parametrically
controlled, if not truncated by a local stimulus ONU-WUC. Before
exiting this state, the ONU ensures that it is fully powered up,
synchronized, and capable of responding to both upstream and
downstream traffic and control.

The state transitions between the three low power states, Aware,
Asleep, and Listen, do not involve any external signalling. Upon
transition into the ActiveHeld state (which is forced by a local
stimulus ONU-WUC), the ONU sends an LPI-Awake message to the
OLT.
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Table 3 — ONU power management states

State ‘ Semantics

(5) Listen A low power mode state in which the ONU has its transmitter off, but
the receiver on. The ONU listens to the downstream signal and
forwards downstream traffic, while retaining the ability to reactivate
the transmitter on local stimulus ONU-WUC or upon receipt of LPM-
Disallow message. The sojourn in the state is parametrically
controlled if not truncated by a local stimulus ONU-WUC or LPM-
Disallow message. Before exiting this state, the ONU ensures that it is
fully powered up, synchronized, and capable of responding to both
upstream and downstream traffic and control.

The state transitions between the three low power states, Aware,
Asleep, and Listen, do not involve any external signalling. Upon
transition into the ActiveHeld state (which is forced by an LPM-
Disallow message or a local stimulus ONU-WUC), the ONU sends an
LPI-Awake message to the OLT.

[0032] In some implementations, an ONU maintains a pair of complementary, mutually

exclusive internal conditions specified as follows.

Table 4 — ONU internal power conditions

Condition Semantics

ONU-LPC ONU Low Power Condition is based on local dynamic operational
A and traffic load characteristics indicating that the ONU may go into
low power mode.

ONU-wWUC ONU Wake-Up Condition is based on local dynamic operational and
traffic load characteristics indicating that the ONU must remain fully
powered.

[0033] In some implementations, the ONU maintains the following timing parameters

to control the ONU power management state machine and allows to specify the initial values of

the timers as follows.

Table 5 — ONU timing parameters

Timer Semantics

Thold The minimum sojourn in the ActiveHeld state. The timer is initialised
upon transition into the ActiveHeld state and blocks transition into the
ActiveFree state until expiration.

9 181203616
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Table S — ONU timing parameters

Timer Semantics

Taware - The minimum sojourn in the Aware state, which defines the duration
of the periodic bi-directional handshake between the OLT and an
ONU in a low power mode. The timer is initialised upon transition
into the Aware state; its expiration releases ONU’s transition to either
Asleep or Listen state.

Tlowp The maximum combined sojourn in the Asleep and Listen states
between successive periodic bi-directional handshakes. The timer is
initialised upon transition from the Aware state to either Asleep or
Listen state; its expiration forces ONU’s transition back to the Aware
state.

Tsleep The maximum sojourn in the Asleep state. The timer is initialised
upon transition into the Asleep state; its expiration forces ONU’s
transition into the Listen state.

To configure pure Sleep mode operation, the initial value is set to
- infinity with finite Tlisten and Tlowp initial values.

Tlisten The maximum sojourn in the Asleep state. The timer is initialised
upon transition into the Listen state; its expiration forces ONU’s
transition into the Asleep state.

To configure pure Doze mode operation, the initial value is set to
| infinity with finite Tsleep and Tlowp initial values.

[0034] To support unified operation using three distinct power levels, in some
implementations, the ONU timing parameters Tsleep and Tlisten are initialized each to a finite
non-zero value, while Tlowp is initialized to a finite value much larger than the initial values of
either Tsleep or Tlisten, The disclosed technique can be reduced through parameter
configuration to either Dozing or Cyclic Sleep modes. To simulate Cyclic Sleep, timing
parameter Tsleep is initialized to infinity, timing parameter Tlisten is initialized to zero, and
timing parameter Tlowp is initialized to finite non-zero value. To simulate ONU Dozing,
timing parameter Tlisten is initialized to infinity, timing parameter Tsleep is initialized to zero,
and timing parameter Tlowp is initialized to finite non-zero value.

[0035]) Note that in the implementation depicted in Figure 5, the binary flag SleepOFF
(SleepOn being its.binary complement) is a matter of notational convenience which is used to
indicate the operation of the machine in the ONU dozing simulation mode. An alternative
implementation could make a transition from Aware state upon expiration of the Taware timer
unconditionally into the Asleep state. In the ONU dozing simulation mode, Tsleep is initialized

to zero, and the transition to Listen would immediately follow.
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[0036} In some implementations, the OLT maintains an instance of the state machine

OLT power management state machine

for each subtending ONU that is characterized by the following states and the state transitions

as shown in Fig. 6.

Table 6 — OLT power management states

State Semantics

(1) AwakeForced The OLT holds the ONU in a full power mode. The OLT provides
normal allocations to ONU, forwards downstream traffic, and expects
a response to every bandwidth grant.

- Upon transition to and periodically during the sojourn in this state, the
OLT sends a LPM-Disallow message to the ONU.

(2) AwakeFree The OLT consents to the ONU’s transition into a low power mode.
The OLT provides normal allocations to ONU, forwards downstream
traffic, and expects a response to every bandwidth grant.

Upon transition to and periodically during the sojourn in this state, the
OLT sends a LPM-Allow message to the ONU.

(3) LowPower The OLT is aware that the ONU is in a low power mode. The OLT
provides at least signalling allocations to ONU, optionally forwards
downstream traffic, but does not expect a response to every

| bandwidth grant.

Upon transition to and periodically during the sojourn in this state, the
OLT sends a LPM-Allow message to the ONU.

(4) Alerted The OLT attempts to bring the ONU back into a full power mode.

The OLT provides at least signalling allocations to ONU, optionally
forwards downstream traffic, but does not expect a response to every
bandwidth grant.

Upon transition to and periodically during the sojourn in this state, the
g OLT sends a LPM-Disallow message to the ONU.

[0037] In some implementations, the OLT maintains a pair of complementary, mutually

exclusive internal conditions for each subtending ONU specified as follows.

Table 7 — OLT internal power conditions

Condition Semantics

OLT-LPC OLT Low Power Condition for a given ONU is based on local
‘ dynamic operational and traffic load characteristics indicating that the
OLT consents to ONU going into a low power mode.
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Table 7 — OLT internal power conditions

Condition Semantics
OLT-wWUC OLT Wake-Up Condition for a given ONU is based on local dynamic
“operational and traffic load characteristics indicating that the OLT
objects to ONU going into a low power mode.
[0038] In some implementations, the OLT maintains the following timing parameters to

control an instance of the OLT power management state machine and allows to specify the

initial values of the timers as follows.

Table 8 — OLT timing parameters

Timer

Semantics

Terr

The maximum allowed time between bi-directional handshakes
between the OLT and the ONU in a low power mode. The timer is
initialised upon transition into the LowPower state and is restarted
each time OLT receives a transmission from the ONU. Expiration of
the timer indicates a low power mode timing violation by the ONU, in
which case the OLT executes a transition into AwakeForced to
diagnose alleged loss of the ONU.

Talerted

The maximum allowed time for the ONU to come out of the low
power mode upon OLT’s instruction to do so. The timer is initialised

- upon transition into the Alerted state. Expiration of the timer indicates
- a low power mode timing violation by the ONU, in which case the

OLT executes a transition into AwakeForced to diagnose alleged loss
of the ONU.

[0039] Figure 8 is a flow chart representation of a unified power management method

. 800. At 802, an optical network unit (ONU) is operated in a first state in which a transmitter of

the ONU is turned off and a receiver of the ONU is turned on. For example, in some

implementations, the first state may be the dozing state discussed above. At 804, the ONU is

operated in a second state in which both the transmitter and the receiver are turned off. In

some implementations, the second state may correspond to the sleep state discussed above. At

806, the ONU is directly transitioned between the first state and the second state, based on a

power management rule. One power management rule 'may be based on the timing parameters

that control how long the ONU can be in the sleep or dozing mode. Other power management

rules include transitioning based on a user input (e.g., phone going off the hook), incoming

control messages from the OLT, and so on.
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[0040] Figure 9 is a block diagram representation of an optical communications
apparatus 900. The module 902 is for operating an optical network unit (ONU) in a first state
(e.g., dozing) in which a transmitter of the ONU is turned off and a receiver of the ONU is
turned on. The module 904 is for operating the ONU in a second state (e.g., sleep state) in
which both the transmitter and the receiver are tured off. The module 906 is for transitioning
the ONU directly between the first state and the second state, based on a power management
rule. In some implementations, the transition may be achieved autonomously (i.e. without
communication with an external network entity). In some implementations, the transition may
be based on a message received from another network entity such as the OLT. In some
implementations, the transition may be based on obtaining permission to transit from one low
power mode to another low power mode, obtained by sending a request message from the ONU
to the OLT and receiving a corresponding grant message from the OLT.

[0041] Figure 10 is a flow chart representation of a process 1000 of controlling
operation of an optical network unit (ONU), operating in a passive optical network (PON). At
1002, an optical line terminal (OLT) is operated to generate a message that causes a direct
transition of the ONU from a first low power mode in which the ONU is able to receive but not
transmit to a second low power mode in which the ONU does not receive and transmit. At
1004, the generated message is transmitted from the OLT to the ONU. As previously discussed,
the OLT may control the low power operation of ONUs by either explicitly providing control
messages or by granting requests from the ONUs, e. g., transitioning from a dozing mode to a
sleep mode.

[0042] Figure 11 is a block diagram representation of an optical communications
appafatus 1100. The module 1102 is for operating an optical line terminal (OLT) to generate a
message that causes a direct transition of the ONU from a first low power mode in which the
ONU is able to receive but not transmit to a second low power mode in which the ONU does
not receive and transmit. The module 1104 is for transmitting the generated message from the
OLT to the ONU.

[0043] It will be appreciated that unified power management techniques are disclosed,
allowing a device to extend battery life without unduly sacrificing responsiveness to
communication requests. While the disclosed embodiments are with respect to the application
to optical communications network, the disclosed techniques are equally applicable to other
communications networks including wired and wireless networks.

[0044] The disclosed and other embodiments, modules and the functional operations
described in this document can be implemented in digital electronic circuitry, or in computer
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software, firmware, or hardware, including the structures disclosed in this document and their
structural equivalents, or in combinations of one or more of them. The disclosed and other
embodiments can be implemented as one or more computer program products, i.e., one or more
modules of computer program instructions encoded on a computer readable medium for
execution by, or to control the operation of, data processing apparatus. The computer readable
medium can be a machine-readable storage device, a machine-readable storage substrate, a
memory device, a composition of matter effecting a machine-readable propagated signal, or a
combination of one or more them. The term “data processing apparatus” encompasses all
apparatus, devices, and machines for processing data, including by way of example a
programmable processor, a computer, or multiple processors or computers. The apparatus can
include, in addiﬁon to hardware, code that creates an execution environment for the computer
pfogram in question, e.g., code that constitutes processor firmware, a protocol stack, a database
management system, an operating system, or a combination of one or more of them. A
propagated signal is an artificially generated signal, e.g., a machine-generated electrical, optical,
or electromagnetic signal, that is generated to encode information for transmission to suitable
receiver apparatus.

[0045] A computer program (also known as a program, software, software application,
script, or code) can be written in any form of programming language, including compiled or
interpreted languages, and it can be deployed in any form, including as a stand alone program
or as a module, component, subroutine, or other unit suitable for use in a computing
environment. A computer program does not necessarily correspond to a file in a file system. A
program can be stored in a portion of a file that holds other programs or data (e.g., one or more
scripts stored in a markup language document), in a single file dedicated to the program in
question, or in multiple coordinated files (e.g., files that store one or more modules, sub
programs, or portions of code). A computer program can be deployed to be executed on one
computer or on multiple computers that are located at one site or distributed across multiple
sites and interconnected by a communication network.

[0046] The processes and logic flows described in this document can be performed by
one or more programmable processors executing one or more computer programs to perform
functions by operating on input data and generating output. The processes and logic flows can
also be performed by, and apparatus can also be implemented as, special purpose logic circuitry,
e.g., an FPGA (field programmable gate array) or an ASIC (application specific integrated

circuit).
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[0047) Processors suitable for the execution of a computer program include, by way of
example, both general and special purpose microprocessors, and any one or more processors of
any kind of digital computer. Generally, a processor will receive instructions and data from a
read only memory or a random access memory or both. The essential elements of a computer
are a processor for performing instructions and one or more memory devices for storing
instructions and data. Generally, a computer will also include, or be operatively coupled to
receive data from or transfer data to, or both, one or more mass storage devices for storing data,
e.g., magnetic, magneto optical disks, or optical disks. However,,a computer need not have such
devices. Computer readable media suitable for storing computer program instructions and data
include all forms of non volatile memory, media and memory devices, including by way of
example semiconductor memory devices, e.g., EPROM, EEPROM, and flash memory devices,
magnetic disks, e.g., internal hard disks or removable disks; magneto optical disks; and CD
ROM and DVD-ROM disks. The processor and the memory can be supplemented by, or
incorporated in, special purpose logic circuitry.

[0048) While this patent document contains many specifics, these should not be
construed as limitations on the scope of an invention that is claimed or of what may be claimed,
but rather as descriptions of features specific to particular embodimeénts. Certain features that
are described in this document in the context of separate embodiments can also be implemented
in combination in a single embodiment. Conversely, various features that are described in the
context of a single embodiment can also be implemented in multiple embodiments separately or
in any suitable sub-combination. Moreover, although features may be described above as acting
in certain combinations and even initially claimed as such, one or more features from a claimed
combination can in some cases be excised from the combination, and the claimed combination
may be directed to a sub-combination or a variation of a sub-combination. Similarly, while
operations are depicted in the drawings in a particular order, this should not be understood as
requiring that such operations be performed in the particular order shown or in sequential order,
or that all illustrated operations be performed, to achieve desirable results.

[0049] Only a few examples and implementations are disclosed. Variations,
modifications, and enhancements to the described examples and implementations and other

implementations can be made based on what is disclosed.
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CLAIMS

What is claimed is:

1. A method of optical communication, comprising:

operating an optical network unit (ONU) in a first state in which a transmitter of the
ONU is turned off and a receiver of the ONU is turned on; ,

operating the ONU in a second state in which both the transmitter and the receiver are
turned off, and

transitioning the ONU directly between the first state and the second state, based on a

power management rule.

2. The method of claim 1, further comprising:
operating the ONU in a third state in which both the transmitter and the receiver are
turned on.

3. The method of claim 1, further comprising:

receiving, by the receiver, a power management message from an optical line terminal
(OLT); and

configuring the power management rule based on the received power management

message.

4, The method of claim 1, wherein the power management rule includes a first time
period for operation in the first state and a second time period for operation in the second state
and wherein the transitioning is performed upon expiration of at least one of the first time

period and the second time period.

5. An optical communication apparatus, comprising:

means for operating an optical network unit (ONU) in a first state in which a transmitter
of the ONU is turned off and a receiver of the ONU is turned on;

means for operating the ONU in a second state in which both the transmitter and the
receiver are turned off; and

means for transitioning the ONU directly between the first state and the second state,

based on a power management rule.

16
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6. The apparatus of claim 5, further comprising:
means for operating the ONU in a third state in which both the transmitter and the

receiver are turned on.

7. The apparatus of claim 5, wherein:

receiving, by the receiver, a power management message from an optical line terminal
(OLT); and

configuring the power management rule based on the received power management

message.

8. The apparatus of claim 5, wherein the power management rule includes a first
time period for operation in the first state and a second time period for operation in the second
state and wherein the means for transitioning performs a state transition upon expiration of at

least one of the first time period and the second time period.

9. An optical communication apparatus, comprising:

a memory that stores processor-executable instructions; and

a processor that used the stored instructions to implement a method, comprising:

operating an optical network unit (ONU) in a first state in which a transmitter of the
ONU is turned off and a receiver of the ONU is turned on; ‘

operating the ONU in a second state in which both the transmitter and the receiver are
turned off; and

transitioning the ONU directly between the first state and the second state, based on a

power management rule.

10. An optical line terminal (OLT) for operation in a passive optical network (PON),
the optical line terminal comprising;:

a processor configured to generate messages for controlling direct transition of an
optical network unit from a first low power state to a second low power state; and

a transmitter configured to transmit the generated messages to the optical network unit.

11. A method of controlling operation of an optical network unit (ONU), operating
in a passive optical network (PON), comprising:
operating an optiéal line terminal (OLT) to generate a message that causes a direct

17
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transition of the ONU from a first low power mode in which the ONU is able to receive but not
transmit to a second low power mode in which the ONU does not receive and transmit;

transmitting the generated message from the OLT to the ONU.

12. A passive optical network (PON) communications system, comprising:

an optical network unit (ONU) operable in a first low power mode in which the ONU is
able to receive but not transmit and a second low power mode in which the ONU is not able to
either receive or transmit; »

an optical line terminal (OLT) communicably coupled to the ONU, the OLT configured
to transmit a control message to the ONU to control at least one aspect of transition of the ONU

between the first low power mode and the second low power mode.
13. A power management technique, as disclosed in the present document.
14. An optical communications apparatus, as disclosed in the present document.

15. A computer-readable medium having instructions stored thereupon, the
instructions, when executed, causing a processor to implement a process described in the

present document.

18
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: ABSTRACT
Techniques for unified optical network unit power management in a passive optical
network include operating an optical network unit (ONU) in a first state in which a transmitter
of the ONU is turned off and a receiver of the ONU is turned on, operating the ONU in a

5 second state in which both the transmitter and the receiver are turned off, and transitioning the

ONU directly between the first state and the second state, based on a power management rule.
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The filing of this request constitutes under Rule 4.9(a), the designation of all Contracting States bound by the PCT on the international
filing date, for the grant of every kind of protection available and, where applicable, for the grant of both regional and national patents.

However,

|:| DE Germany is not designated for any kind of national protection.
|:| JP Japan is not designated for any kind of national protection.
|:| KR Republic of Korea is not designated for any kind of national protection.
(The check-boxes above may only be used to exclude (irrevocably) the designations concerned if, at the time of filing or subsequently under

Rule 26bis.1, the international application contains in Box No. VI a priority claim to an earlier national application filed in the particular
State concerned, in order to avoid the ceasing of the effect, under the national law, of this earlier national application.)

Box No. VI PRIORITY CLAIM AND DOCUMENTS

The priority of the following earlier application(s) is hereby claimed:

Filing date Number ‘Where earlier application is:
of earlier application of earlier application national application: . N international
(day/month/year) country or Member regrlgnia(.)lni;l)%l f(;“la;on. application:
of WTO & receiving Office

item (1)

13 July 2012

PCT/CN12/78649 CN

(13.07.2012)
item (2)
item (3)

I:I Further priority claims are indicated in the Supplemental Box.

Furnishing the priority document(s):

The receiving Office is requested to prepare and transmit to the International Bureau a certified copy of the earlier application(s)
(only if the earlier application(s) was filed with the Office which, for the purposes of this international application, is the
receiving Office) identified above as:

all items l:l item (1) l:l item (2) l:l item (3) l:l other, see Supplemental Box

I:‘ The International Bureau is requested to obtain from a digital library a certified copy of the earlier application(s) identified above,
using, where applicable, the access codes(s) indicated below (if the earlier application(s) is available to it from a digital library):

[[]item [ ]item® [] item 3 [ ] other, see

Supplemental Box
access code access code access code pp

Restore the right of priority: the receiving Office is requested to restore the right of priority for the earlier application(s) identified

above or in the Supplemental Box as item(s) ( ). (See also the Notes to Box No. VI; further
information must be provided to support a request to restore the right of priority.)

Incorporation by reference: where an element of the international application referred to in Article 11(1)(iii)(d) or (e) or a part of
the description, claims or drawings referred to in Rule 20.5(a) is not otherwise contained in this international application but is
completely contained in an earlier application whose priority is claimed on the date on which one or more elements referred to in
Article 11(1)(iii) were first received by the receiving Office, that element or part is, subject to confirmation under Rule 20.6,
incorporated by reference in this international application for the purposes of Rule 20.6.

Box No. VIIL INTERNATIONAL SEARCHING AUTHORITY

Choice of International Searching Authority (ISA) (if more than one International Searching Authorities is competent to carry out the
international search, indicate the Authority chosen; the two-letter code may be used):

ISA/ KR
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Box No. IX CHECK LIST for EFS-Web filings — this sheet is only to be used when filing an international application with RO/US via EFS-Web

This international application
contains the following:

(a) request form
PCT/RO/101
(including any
declarations and
supplemental
sheets) ................

(b)  description
(excluding any
sequence listing
part of the
description,
see (f), below) . .........

() claims................
(d) abstract...............
(e) drawings (ifany).......

(f) sequence listing part of the
description in the form of an
image file (e.g. PDF) . . ..

Total number of sheets (including the
sequence listing part of the description
iffiled as an imagefile) . . .. ... ..

textfile

CATIer(S) « o oveeee e

Number
of sheets

18

16

43

(g2) Sequence listing part of the description
|:| Filed in the form of an Annex C/ST.25

WILL BE filed separately on physical
data carrier(s), on the same day and in
the form of an Annex C/ST.25 text file

Indicate type and number of physical data

This international application is accompanied by the following
item(s) (mark the applicable check-boxes below and indicate in
right column the number of each item):

4. D copy of general power of attorney; reference

5. D priority document(s) identified in Box No. VI as

item(s):

6. Translation of international application into
(language):

7. separate indications concerning deposited

8. D (only where item (f) is marked in the left column)
copy of the sequence listing in electronic
form (Annex C/ST.25 text file) not forming
part of the international application but
furnished only for the purposes of
international search under Rule 13ter

9. D (only where item (f) is marked in the left column)
a statement confirming that “the information
recorded in electronic form submitted under
Rule 13ter is identical to the sequence listing
as contained in the international application”

10. D copy of results of earlier search(es)(Rule 12bis.1(a))

11. Dother (specify):

1. fee calculationsheet . .. ... ... ... ... . ... ... ..

2. D original separate power of attorney .. ...............

3. D original general power of attorney ..................

number: ...

microorganism or other biological material ... ........

as filed viaEFS-Web ... ... .. .. ... .. L.

Number
of items

Figure of the drawings which
should accompany the abstract:

FIG. 1

Language of filing of the

English

international application:

BoxNo. X  SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE

Next to each signature, indicate the name of the person signing and the capacity in which the person signs (if such capacity is not obvious from reading the request).

/Bing Ai, Reg. 43,312/

PERKINS COIE LLP

Bing Ai, Agent for Applicant(s)

Attorney Reg. No. (when applicable): 43,312

international application:

1. Date of actual receipt of the purported

For receiving Office use only

15-07-2013

3. Corrected date of actual receipt due to later but timely received papers or
drawings completing the purported international application:

4. Date of timely receipt of the required
corrections under PCT Article 11(2):

5. International Searching Authority
(if two or more are competent):

1sa /KR

6. Transmittal of search copy delayed
until search fee is paid.

2. Drawings:

l:‘ received:
D not received:

Date of receipt of the record copy
by the International Bureau:

For International Bureau use only
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(PCT Rule 44bis)

Applicant’s or agent’s file reference FOR FURTHER ACTION See item 4 below
009065-8132WO001

International application No. International filing date (day/month/year) Priority date (day/month/year)
PCT/US2013/050533 15 July 2013 (15.07.2013) 13 July 2012 (13.07.2012)

International Patent Classification (8th edition unless older edition indicated)
See relevant information in Form PCT/ISA/237
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ZTE CORPORATION

1.  This international preliminary report on patentability (Chapter I) is issued by the International Bureau on behalf of the
International Searching Authority under Rule 44 bis.1(a).
2. This REPORT consists of a total of 8 sheets, including this cover sheet.

In the attached sheets, any reference to the written opinion of the International Searching Authority should be read as a
reference to the international preliminary report on patentability (Chapter I) instead.

3. This report contains indications relating to the following items:

Box No. I Basis of the report

Box No. II Priority

Box No. III Non-establishment of opinion with regard to novelty, inventive step and industrial
applicability

Box No. IV Lack of unity of invention

Box No. V Reasoned statement under Article 35(2) with regard to novelty, inventive step or

industrial applicability; citations and explanations supporting such statement
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Box No. VI Certain documents cited
Box No. VII Certain defects in the international application
Box No. VIII Certain observations on the international application

4.  The International Bureau will communicate this report to designated Offices in accordance with Rules 44bis.3(c) and 93bis.1
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the priority date (Rule 44bis .2).
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(day/month/year)
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Priority date(day/month/vear)
13 July 2012 (13.07.2012)

HO04B 10/25(2013.01)i
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Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

Certain defects in the international application

g Box No. I Basis of the opinion

|:| Box No. II Priority
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|:| Box No. VI Certain documents cited

|:| Box No. VII

|:| Box No. VIII Certain observations on the international application
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Facsimile No. +82-42-472-7140

Date of completion of this opinion

21 October 2013 (21.10.2013)
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International application No.
WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US2013/050533

Box No. I Basis of this opinion

1. With regard to the language, this opinion has been established on the basis of :
g the international application in the language in which it was filed

D a translation of the international application into , which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

2. |:| This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified
to this Authority under Rule 91 (Rule 43bis.1(a))

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been
established on the basis of:

a. a sequence listing filed or furnished
D on paper

|:| in electronic form

b. time of filing or furnishing
D contained in the international application as filed.
D filed together with the international application in electronic form.

D furnished subsequently to this Authority for the purposes of search.
4. EI In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additioan] copies is identical to that in the application as filed or does

not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:
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International application No.

WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US2013/050533

Box No. V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement

Novelty (N) Claims 1-17 YES
Claims NONE NO

Inventive step (IS) Claims NONE YES
Claims 1-17 NO

Industrial applicability (IA)  Claims 1-17 YES
Claims NONE NO

2. Citations and explanations :

Reference is made to the following document:

D1: US 2012-0163808 Al (GEUN YONG KIM et al.) 28 June 2012

2.1 Novelty (PCT Article 33(2)) and Inventive Step (PCT Article 33(3))

2.1.1 Claims 1-6

D1, which is considered to be the closest prior art to the subject matter of independent
claim 1, discloses a method comprising: operating an optical network unit (ONU) in a dozing
mode implying a period in which a transmitter is turned-off (see paragraph 37); and operating
the optical network unit in a cyclic sleep mode implying a period in which both the transmitter
and a receiver are turned-off (see paragraph 37). The technical feature of “transitioning the
ONU directly between a first state and a second state, based on a power management rule” is
not explicitly disclosed in D1. However, said feature is virtually suggested by the same
document, considering that an ITU-T is performing standardization for two modes, the dozing
mode and the cyclic sleep mode under a recognition of the need to save power in the ONU
(see paragraph 33). Thus, a person skilled in the art would easily conceive the idea of
employing the feature of claim 1. Accordingly, claim 1 would have been obvious over DI.

Therefore, claim 1 lacks an inventive step under PCT Article 33(3).

The additional feature of claim 2 depending on claim 1 is disclosed in D1 (an active
interval implies a period in which both the transmitter and the receiver are turned-on; see

paragraph 37). Therefore, claim 2 lacks an inventive step under PCT Article 33(3).

The additional feature of claim 3 depending on claim 1 can be ecasily derived by a person

skilled in the art from the feature of D1 (the ONT which receives an upstream bandwidth

Continued on Supplemental Box
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Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of : Box No. V

allocation transmits a sleep request OFF message requesting the transition to the normal mode
to the OLT, see paragraph 49). Therefore, claim 3 lacks an inventive step under PCT Article
33(3).

The additional feature of claim 4 depending on claim 1 can be easily derived by a person
skilled in the art from the feature of D1 (the ONU periodically turns on/off the receiver
through signaling between an OLT and the ONU (dozing mode) and simultaneously turns
on/off the transmitter and the receiver (cyclic sleep mode), thereby saving the standby power,
wherein a sleep interval implies the period in which the transmitter is turned-off in the dozing
mode and the period in which both the transmitter and the receiver are turned-off in the cyclic
sleep mode; see paragraphs 37, 57). Therefore, claim 4 lacks an inventive step under PCT
Article 33(3).

The additional feature of claim 5 depending on claim 1 can be easily derived by a person
skilled in the art from the feature of D1 (the OLT receives a sleep request OFF message
transitions to the active state and transmits the sleep allow OFF message allowing the transition
to the normal mode to the corresponding ONU; see paragraph 50). Therefore, claim 5 lacks an
inventive step under PCT Article 33(3).

The additional feature of claim 6 depending on claim 1 can be casily derived by a person
skilled in the art from the feature of D1 (since the sleep allow ON message received in the
active interval within the cyclic sleep mode is used to ask whether the ONU is normally
operated or not, the ONU transmits an empty burst as an acknowledgement that the ONU is
normally operated to the OLT, and then, transitions to the sleep mode; see paragraph 44).
Therefore, claim 6 lacks an inventive step under PCT Article 33(3).

2.1.2 Claims 7-11
The features of independent apparatus claim 7 essentially correspond to those of method
claim 1. Thus, the same reasoning as in claim 1 applies to claim 7. Therefore, claim 7 lacks

an inventive step under PCT Article 33(3).

The additional features of claims 8-11 depending on claim 7 essentially correspond to those
of claims 2-4 and 6, respectively. Accordingly, the same reasoning as in claims 2-4 and 6

applies to claims 8-11. Therefore, claims 8-11 lack an inventive step under PCT Article 33(3).

Continued on The Next Page
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2.1.3 Claims 12-13

Claim 12 relates to an optical communication apparatus in accordance with claim 1 relating
to a method. The apparatus of claim 12 comprises a memory, and a processor which uses
stored instructions to implement the method that is the same as that defined in claim 1. As the
features of claim 12 essentially correspond to the features of claim 1 except for the category,
the same reasoning as in claim 1 applies to claim 12. Therefore, independent claim 12 lacks

an inventive step under PCT Article 33(3).

The additional feature of claim 13 depending on claim 12 can be easily derived by a person
skilled in the art from the feature of D1 (an optical network unit (ONU) periodically turns
on/off a receiver through signaling between an OLT and the ONU (dozing mode) and
simultaneously turns-on/off a transmitter and the receiver (cyclic sleep mode), thereby saving
the standby power, wherein a sleep interval implies the period in which the transmitter is
turned-off in the dozing mode and the period in which both the transmitter and the receiver
are turned-off in the cyclic sleep mode; see paragraphs 37, 57). Therefore, claim 13 lacks an
inventive step under PCT Article 33(3).

2.1.4 Claims 14-15

D1, which is considered to be the closest prior art to the subject matter of independent
claim 14, discloses an optical line terminal (OLT) comprising a controller configured to control
an operation of the OLT, wherein an ONU periodically turns on/off a receiver through
signaling between the OLT and the ONU (dozing mode) and simultaneously turns on/off a
transmitter and the receiver (cyclic sleep mode) and parameters associated with power saving
include a sleep interval and an active interval (see paragraphs 37, 57, 82). The technical
feature of “a transmitter configured to transmit the gencrated messages to the optical network
unit (ONU)” is not explicitly disclosed in D1. However, said feature is virtually suggested by
the same document, considering that the ONU receiving the sleep allow OFF message is
switched into the normal mode and transmits the sleep request OFF message as the response
for the sleep allow OFF message to the OLU (see paragraph 55). Thus, a person skilled in the
art would casily conceive the idea of employing the feature of claim 14. Accordingly, claim 14
would have been obvious over D1. Therefore, claim 14 lacks an inventive step under PCT
Article 33(3).

Continued on The Next Page
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The additional feature of claim 15 depending on claim 14 can be easily derived by a person
skilled in the art from the feature of D1 (the ONU periodically turns on/off the receiver
through signaling between the OLT and the ONU (dozing mode) and simultaneously tumns
on/off the transmitter and the receiver (cyclic sleep mode), thereby saving the standby power,
wherein a sleep interval implies the period in which the transmitter is turned-off in the dozing
mode and the period in which both the transmitter and the receiver are turned-off in the cyclic
sleep mode; see paragraphs 37, 57). Therefore, claim 15 lacks an inventive step under PCT
Article 33(3).

2.1.5 Claims 16-17

D1, which is considered to be the closest prior art to the subject matter of independent
claim 16, discloses a passive optical network (PON) communications system comprising an
optical network unit (ONU) periodically turning on/off a receiver through signaling between an
OLT and the ONU (dozing mode) and simultancously turning on/off a transmitter and the
receiver (cyclic sleep mode), thereby saving the standby power, wherein the sleep interval
implies a period in which the transmitter is turned-off in the dozing mode and the period in
which both the transmitter and the receiver are turned-off in the cyclic sleep mode (see
paragraphs 37, 57). The technical feature of “an optical line terminal (OLT) configured to
transmit a control message to the ONU” is not explicitly disclosed in D1. However, said
feature is virtually suggested by the same document, considering that an OLT transmits the
sleep allow ON message allowing the transition to a next sleep mode to the ONT (see
paragraph 43). Thus, a person skilled in the art would easily conceive the idea of employing
the feature of claim 16. Accordingly, claim 16 would have been obvious over DI1. Therefore,

claim 16 lacks an inventive step under PCT Article 33(3).

The additional feature of claim 17 depending on claim 16 can be easily derived by a person
skilled in the art from the feature of D1 (the ONU periodically turns on/off the receiver
through signaling between the OLT and the ONU (dozing mode) and simultaneously turns
on/off the transmitter and the receiver (cyclic sleep mode), thereby saving  standby power,
wherein a sleep interval implies the period in which the transmitter is turned-off in the dozing
mode and the period in which both the transmitter and the receiver are turned-off in the cyclic
sleep mode; see paragraphs 37, 57). Therefore, claim 17 lacks an inventive step under PCT
Article 33(3).

Continued on The Next Page
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2.2 Industrial Applicability (PCT Article 33(4))

Claims 1-17 are industrially applicable under PCT Article 33(4).
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Exhibit 1002
IPR2024-00899, USPN 9,806,892
324 of 362



WO 2014/012109 PCT/US2013/050533

OPTICAL NETWORK UNIT POWER MANAGEMENT IN PASSIVE
OPTICAL NETWORKS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This patent document claims the benefit of priority under the Paris Convention of
International Patent Application No. PCT/CN2012/078649, filed on July 13, 2012, and entitled
“METHOD AND APPARATUS FOR UNIFIED OPTICAL NETWORK UNIT (ONU) POWER
MANAGEMENT IN A PASSIVE OPTICAL NETWORK (PON).” The disclosure of the

before-mentioned application is incorporated by reference as part of this patent document.

BACKGROUND

[0002] This patent document relates to systems, devices, and techniques for data
communications in a passive optical network. In one aspect, this document relates to power
saving in an optical network unit (ONU) of a passive optical network (PON).

[0003] A PON is an optical network architecture based on point-to-multipoint (P2MP)
topology in which a single optical fiber and multiple passive branching points are used to
provide data communication services. A PON system can facilitate user access with a service
provider communication facility to access telecommunication, information, entertainment, and
other resources of the Internet. A PON system can include a central node, called an optical line
terminal (OLT), which can be in connection with a single or multiple user nodes called ONUs
via a passive optical distribution network (ODN). An OLT can be located at the access
provider's communication facility (e.g., central office). An ONU can be located at or near the
access user's premises. An ONU typically draws electrical power from the user’s premises
power supply network and may employ battery backup to support communication services in

case of power outage.

[0004] Better power management techniques can help improve battery life of an ONU.
SUMMARY
[0005] Method and apparatus are disclosed that, in one beneficial aspect, are useful to

reduce the power consumption of an optical network unit in a PON. Implementations described

in this document can provide several advantages. For example, the disclosed techniques can
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allow an access provider to guarantee lifeline services to customers by increasing the duration of
operational time during power outages. The techniques can also be used to reduce the size and
cost of the battery backup unit, reduce overall green-house gas emission and carbon footprint of
the information and communication technologies based on passive optical networks, and so on.
[0006] In one example aspect, an optical communication method is disclosed. The
method includes operating an ONU in a first state in which a transmitter of the ONU is turned off
and a receiver of the ONU is turned on, operating the ONU in a second state in which both the
transmitter and the receiver are turned off and transitioning the ONU directly between the first
state and the second state, based on a power management rule.

[0007] In another example aspect, a PON system is disclosed. The PON includes an
ONU and an OLT. The ONU is operable in a first low power mode in which the ONU is able to
receive but not transmit and a second low power mode in which the ONU is not able to either
receive or transmit. The OLT is communicably coupled to the ONU and is configured to
transmit a control message to the ONU to control at least one aspect of a transition of the ONU
between the first low power mode and the second low power mode.

[0008] These, and other, features are further described with reference to the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 depicts an example of a PON system.

[0010] FIG. 2 illustrates a power consumption profile of a conventional power
management technique based on ONU dozing.

[0011] FIG. 3A illustrates a power consumption profile of a conventional power
management technique based on cyclic sleeping.

[0012] FIG. 3B illustrates a power consumption profile of a conventional power
management technique based on ONU dozing.

[0013] FIG. 3C illustrates a power consumption profile of a conventional power
management technique based on cyclic sleeping.

[0014] FIG. 3D illustrates a double-nested cyclic profile that either includes cyclical
sleeping or includes cyclical dozing.

[0015] FIG. 4A illustrates a power consumption profile of an embodiment of the

disclosed unified ONU power management method.
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[0016] FIG. 4B illustrates a power consumption profile of an embodiment of the
disclosed unified ONU power management method, with sleep mode power consumption shown
on the same chart.

[0017] FIG. 5 illustrates a state machine that governs ONU’s behavior in an embodiment
of the unified power management method.

[0018] FIG. 6 illustrates a state machine that governs OLT’s behavior in an embodiment

of the unified power management method.

[0019] FIG. 7A illustrates a prior art state machine for ONU power management.

[0020] FIG. 7B is an alternate way of representing the ONU state machine of FIG. 7A.
[0021] FIG. 7C is another embodiment of the ONU state machine of FIG. 7A.

[0022] FIG. 7D illustrates an OLT state machine for power management.

[0023] FIG. 7E illustrates an alternate embodiment of the OLT state machine depicted in
FIG. 6.

[0024] FIG. 8 is a flow chart representation of a unified power management method.
[0025] FIG. 9 is a block diagram representation of a portion of an apparatus that

implements unified power management technique disclosed in the document.

[0026] FIG. 10 is a flow chart representation of a process of operating an OLT.
[0027] FIG. 11 is a block diagram representation of a portion of an apparatus for optical
communications.
DETAILED DESCRIPTION
[0028] Techniques for unified power management of an optical network unit (ONU) in

which the ONU can transition between multiple low power states without having to transition to
a high power state are disclosed. The terminology in the description that follows, to the extent
used in the ITU-T XG-PON standards documents and not explicitly discussed in this document,
is intended to be consistent with the ITU-T standards documents.

[0029] The techniques described in this document, in one beneficial aspect, are useful to
reduce the power consumption of an optical network unit in a PON. Implementations described
in this document can provide one or more advantages depending on specifics in certain
applications. For example, the disclosed techniques can allow an access provider to guarantee

lifeline services to customers by increasing the duration of operational time during power
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outages. The techniques can also be used to reduce the size and cost of the battery backup unit,
reduce overall green-house gas emission and carbon footprint of the information and
communication technologies based on passive optical networks, and so on. The disclosed
techniques are superior in terms of power saving efficiency to available prior state-of-the-art
techniques. For example, the disclosed techniques are superior to a Dozing method
implemented in some systems where the receiver is on for checking data while transmitter is off,
at least due to substantially lower on average power level during the low power cycle. The
disclosed technique is also superior to a cyclic sleep method implemented in some systems
where both receiver and transmitter are off at least because of the decoupling of the external
stimulus latency from the power efficiency and, consequently, substantially larger possible
relative duration of the low power cycle. In one beneficial aspect, the disclosed techniques allow
ONUs to transition between a dozing state and a sleep state.

[0030] A PON system can use optical fiber to connect the user premises to the provider
communication facility. The PON Optical Distribution Network (ODN) can include a point-to-
multipoint (P2MP) optical fiber infrastructure where passive branching points can be represented
by optical splitters are other similar passive optical devices. These passive ODN equipments can
be deployed in street cabinets, closets, underground utility holes, cable chambers, and other
installations and require no electrical power and little maintenance. The PON ODN can be
attached to the OLT with a single strain of optical fiber.

[0031] FIG. 1 shows an exemplary PON system comprising an OLT 110, plurality of
ONUs 120; and an ODN that comprises optical feeder fiber, or trunk fiber 130, a splitter 140,
and multiple distribution fibers 150.

[0032] ONUs 120 can be deployed at or near user premises. An ONU is an active
network element that typically draws electric power from the power supply network present at or
near the access user’s premises and in some cases is equipped with a battery-based power backup
unit to allow limited operations in case of the power supply network failure. Conservation of
the power consumed by an ONU is an operation requirement that can be associated with two
objectives. First, the requirement is driven by the emergency services support under the power
supply network failure and is targeted at the prolongation of the battery operation time or,

alternatively, reduction of the size and cost of the battery. Second, the requirement focuses on
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conserving power in regular (based on the power supply network) operations and minimizing the
carbon dioxide emissions generated by information and communications technologies (ICTs).
[0033] Conventional standard-based PON systems, such as Ethernet PON (EPON),
Broadband PON (BPON), Gigabit PON (G-PON) consider an ONU to be in a permanent link-
layer association with the OLT: the ONU continuously listen to the downstream transmission
over the P2MP optical channel and may be required to transmit protocol information upstream,
even if there is no user data to exchange. Therefore, the ONU’s optical transceiver continuously
remains fully operational and fully powered. These conventional PON systems typically
support only the basic, one-sided power conservation technique, such power shedding,
characterized by powering off or reducing power to non-essential functions and services while
maintaining a fully operational optical link.

[0034] Various advanced standard-based PON systems, such as 10 Gigabit/sec EPON
(10G-PON), and 10 Gigabit/sec PON (XG-PON), employ protocol-based power-saving
techniques based on a signalling mechanism between the OLT and the ONU to function
properly. These techniques involve defining several power levels and specifying the cyclic
behavior of an ONU which periodically switches between the full power level and one lower
power level.

[0035] Besides the full power level, the standard-based 10 Gigabit/sec PON (XG-PON)
system identifies the ONU Dozing power level, which is characterized by powering off of the
ONU transmitter and the associated circuitry for substantial periods of time on the condition that
the receiver remains continuously on, and the ONU Sleeping power level, which is characterized
by both ONU transmitter and ONU receiver are turned off for substantial periods of time.

[0036] FIG. 7A shows the state machine behavior 700 of a PON ONU, as specified in
one currently published PON standard (ITU-T G.987.3, 10-Gigabit-capable passive optical
networks (XG-PON): Transmission convergence (TC) layer specification, publication date
October 2010). From the initial state "Active Free" 702, the ONU can either transition into a
Sleep Aware state 704 or a Doze Aware state 706 (further described below). However, no
direct transition between the Doze Aware and the Sleep Aware states 704, 706 are provided.
Conventional ONUs therefore lack the technology of directly transitioning between two low

power consumption states without having to go through an active state (e.g., a full powered state).
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In one detrimental aspect, such a transition through the active state may increase the power
consumed by the ONU, thereby undesirably reducing batter life.

[0037] FIG. 2 depicts example ONU power consumption profile, that is, the power P
consumed by the ONU as a function of time ¢, in a case where ONU Dozing mode is
implemented. The full power level 200 is characterized by both ONU receiver and ONU
transmitter being power on with associated circuitry. The dozing power level 210, which is
lower than full power level 200, but substantially higher than zero (or sleep mode 220), is
characterized by the ONU transmitter with the associated circuitry being powered off, and the
transmitter remaining on. In other words, the ONU is in a “listen”” mode to receive data or
signals, but not in a “talk” mode to transmit data or signals. Two timing parameters, which can
be configured into the ONU in advance, govern specific pattern of the power consumption: time
interval 250 (Tpoze) is the maximum time an ONU can be allowed to abstain from upstream
transmissions without being declared in violation of the protocol, while the time interval 260

(T Aware) 18 the minimum time required for the OLT and ONU to perform periodic bi-directional
handshake with both ONU transmitter and ONU receiver being fully powered and fully
operational. The longer the time interval 250 is with respect to time interval 260, the more
efficient the technique is in relative terms. Since the ONU receiver remains continuously
powered, the latency of detecting an external wake-up stimulus (a signal form the OLT to enter
full power operation, in response, for example, to an incoming call) is close to that of full-power
operation and is comparable to round-trip propagation delay. This is beneficial. The
continuously powered ONU receiver may limit the overall power-saving efficiency.

[0038] FIG. 3A depicts example ONU power consumption profile, that is, the power P
consumed by the ONU as a function of time ¢, when ONU Cyclic sleep mode is implemented.
The full power level 200 is characterized by both ONU receiver and ONU transmitter being
power on with associated circuitry. The sleeping power level 220, is characterized by both the
ONU transmitter and ONU receiver with the associated circuitry being powered off, and is
typically close to zero. Two configurable timing parameter govern specific pattern of the power
consumption: time interval 270 (similar to Taware) 1S the minimum time required for the OLT and
ONU to perform periodic bi-directional handshake with both ONU transmitter and ONU receiver
being fully powered and fully operational; time interval 280 (Tsieep) 1s the maximum time an

ONU can be allowed to abstain from upstream transmissions and from receiving downstream
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traffic at the same time. While turning off both the transmitter and receiver is the most efficient
way to save power, the latency of detecting an external wake-up stimulus may increase by as
much as the time interval 280. Therefore, in order to maintain sufficiently short external
wakeup latency, time interval 280 may be kept small, thus reducing the overall power efficiency.
[0039] Both the above discussed cyclic power management techniques (FIG. 2 and FIG.
3A) involve the ONU toggling between two power levels: the full power level and the Dozing
level (FIG. 2) or between the full power level and the sleeping level (FIG. 3A). In some
implementations, the power management behavior of an ONU may be configured by specifying
two parameters: the maximum time in the lower power mode, and the minimum time in the full
power mode. The values of the configuration parameters depend on the kind of services a system
is expected to support, as well as the required availability of those services.

[0040] FIGS. 3B and 3C, respectively, provide another depiction of the dozing and sleep
modes of operation, previously described, by explicitly showing the sleep state power level 220
in the charts.

[0041] FIG. 3D provides an illustrative representation that combines the above discussed
sleep mode and dozing mode into a single graphical representation. An ONU alternates between
the full power phase 351 and a lower power phase 353. While in in a low-power phase, an ONU
alternates between two power consumption levels (depicted in inset 357): a full power level 359
and a low power level 361. In a pure doze mode, the ONU’s latency in detecting an external
wakeup stimulus is comparable to a round trip propagation delay, and the configured sojourn in a
state with the low power level (Listen state) primarily depends on how long the OLT can afford
to keep the ONU out-of touch. This value can be quite large and limited, for example, by the
need to periodically adjust the equalization delay. In the cyclic sleep mode, the ONU’s latency in
detecting an external wakeup stimulus includes the sojourn in the low power state (Asleep state)
and, therefore, the configured sojourn in a state with the low power level is substantially shorter
— perhaps, by several orders of magnitude, compared with the doze case. Signals related to wake-
up and sleep operations may be exchanged (355) at transitions between active phase 351 and
power saving phase 353.

[0042] In one aspect, in some embodiments, the unified power management method
disclosed in this document integrates the two cyclic power management techniques generally

shown in FIGS. 7A, 2 and 3A, in a single unified behavior that involves ONU power
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consumption alternating between at least three levels and is controlled by at least four timing
parameters. Under this integration, when in a power saving mode, the ONU spends most of the
time toggling between the Sleeping power level (with the lowest power consumption) and the
Dozing power level (with the next lowest power consumption), only occasionally returning to the
full-power level operation.

[0043] FIG. 4A shows one example power profile of the unified power management
technique. In this example, the full power level 200 is characterized by both ONU receiver and
ONU transmitter being power on with associated circuitry. The sleeping power level 220, is
characterized by both the ONU transmitter and ONU receiver with the associated circuitry being
power off, and is reasonably close to zero. The intermediate dozing power level 210 is
characterized by the ONU transmitter with the associated circuitry being power off, and ONU
receiver remaining on. Time interval 320 (similar to time intervals 260 and 270) is the
minimum duration of the periodic bi-directional handshake between the OLT and the fully
powered and operational ONU. Time interval 310 (Trowpower) 1S the maximum allowed duration
between consecutive bi-directional handshakes. Time interval 330 is the minimum time that the
ONU listens to the downstream transmission in order to obtain any necessary signalling
indications. Time interval 340 is the maximum time the ONU is allowed to abstain from
upstream transmissions and from receiving downstream traffic at the same time.

[0044] As can be seen, the power reduction during the low power cycle depends on the
ratio of time interval 310 to time interval 320, which can be made large, while the latency in
response to an external stimulus depends on time interval 340, which can be relatively small.
Therefore, in one advantageous aspect, the disclosed unified power management technique is
superior in terms of power saving efficiency to both the Dozing method, due to substantially
lower on average power level during the low power cycle, and the Cyclic Sleep method (as
previously discussed with respect to FIGS. 2 and 3A), due to decoupling of the external stimulus
latency from the power efficiency and, consequently, substantially larger possible relative
duration of the low power cycle.

[0045] It will be appreciated that the specific values of the time intervals 310, 320, 330
and 340 may be implementation-specific and may depend on operational considerations such as
regulatory requirements, target time for battery life, and so on. For example, maximum dwell

time in sleep state may be about 1 to 2 seconds, so that the ONU is responsive to an incoming
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call within a couple of seconds. Similarly, maximum dwell time in the doze state may be
relatively large (e.g., several tens of seconds or minutes, €.g., 2 minutes or 1 hour).

[0046] FIG. 4B is an alternative illustration of the power profile in a unified power
management embodiment. Some implementation examples are provided below based the
disclosed power management technology.

Low power mode signaling between OLT and ONU

[0047] In some implementations, the low power primitives specified in the following

tables can be exchanged between OLT and ONU via appropriate management channel.

Table 1 — OLT Low power management primitives

Primitive Semantics
LPM-Allow OLT grants consent to ONU’s transition into a low power mode
LPM-Disallow OLT withdraws consent to ONU’s transition into a low power mode

Table 2 — ONU Low power indication primitives

Primitive Semantics
LPI-LowPower ONU indicates its transition into a low power mode
LPI-Awake ONU indicates its exit from a low power mode

ONU power management state machine
[0048] In some implementations, each ONU maintains an instance of the power
management state machine that is characterized by the following states and the state transitions

as shown in FIG. 5.
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Table 3 — ONU power management states

State Semantics

(1) ActiveHeld A full power mode state in which full power operation is mandated by
the OLT. The ONU is fully responsive, forwarding downstream
traffic and responding to all bandwidth allocations. Power
management state transitions do not occur. The minimum sojourn in
this state is enforced by the Thold timer.

Both the OLT’s consent and ONU’s local decision are required for the
ONU to enter a low power mode.

(2) ActiveFree A full power mode state in which full power operation is at ONU’s
discretion. The ONU is fully responsive, forwarding downstream
traffic and responding to all bandwidth allocations. The OLT has
consented to ONU’s transition into a low power mode, which is now a
subject to ONU’s local decision.

Upon transition into the Aware state (which is stipulated by the local
stimulus ONU-LPC), the ONU sends an LPI-LowPower message to
the OLT.

(3) Aware A low power mode state allowing periodic bi-directional handshake
between the OLT and ONU. Both ONU receiver and transmitter
remain on. The ONU forwarding downstream traffic and responding
to all bandwidth allocations. The sojourn in the state is parametrically
controlled, if not truncated by the local stimulus ONU-WUC.

The state transitions between the three low power states, Aware,
Asleep, and Listen, do not involve any external signalling. Upon
transition into the ActiveHeld state (which is forced by an LPM-
Disallow message or a local stimulus ONU-WUC), the ONU sends an
LPI-Awake message to the OLT.

(4) Asleep A low power mode state in which the ONU shuts down both its
receiver and transmitter, retaining the ability to wake up on local
stimulus ONU-WUC. The sojourn in the state is parametrically
controlled, if not truncated by a local stimulus ONU-WUC. Before
exiting this state, the ONU ensures that it is fully powered up,
synchronized, and capable of responding to both upstream and
downstream traffic and control.

The state transitions between the three low power states, Aware,
Asleep, and Listen, do not involve any external signalling. Upon
transition into the ActiveHeld state (which is forced by a local
stimulus ONU-WUC), the ONU sends an LPI-Awake message to the
OLT.

10
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Table 3 — ONU power management states

State Semantics

(5) Listen A low power mode state in which the ONU has its transmitter off, but
the receiver on. The ONU listens to the downstream signal and
forwards downstream traffic, while retaining the ability to reactivate
the transmitter on local stimulus ONU-WUC or upon receipt of LPM-
Disallow message. The sojourn in the state is parametrically
controlled if not truncated by a local stimulus ONU-WUC or LPM-
Disallow message. Before exiting this state, the ONU ensures that it is
fully powered up, synchronized, and capable of responding to both
upstream and downstream traffic and control.

The state transitions between the three low power states, Aware,
Asleep, and Listen, do not involve any external signalling. Upon
transition into the ActiveHeld state (which is forced by an LPM-
Disallow message or a local stimulus ONU-WUC), the ONU sends an
LPI-Awake message to the OLT.

[0049] In some implementations, an ONU maintains a pair of complementary, mutually

exclusive internal conditions specified as follows.

Table 4 — ONU internal power conditions

Condition Semantics

ONU-LPC ONU Low Power Condition is based on local dynamic operational
and traffic load characteristics indicating that the ONU may go into
low power mode.

ONU-wUC ONU Wake-Up Condition is based on local dynamic operational and
traffic load characteristics indicating that the ONU must remain fully
powered.

[0050] In some implementations, the ONU maintains the following timing parameters to

control the ONU power management state machine and allows to specify the initial values of the

timers as follows.

Table 5 — ONU timing parameters

Timer Semantics

Thold The minimum sojourn in the ActiveHeld state. The timer is initialised
upon transition into the ActiveHeld state and blocks transition into the
ActiveFree state until expiration.

11
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Table 5 — ONU timing parameters

Timer Semantics

Taware The minimum sojourn in the Aware state, which defines the duration
of the periodic bi-directional handshake between the OLT and an
ONU in a low power mode. The timer is initialised upon transition
into the Aware state; its expiration releases ONU’s transition to either
Asleep or Listen state.

Tlowpower (or Tlowp) The maximum combined sojourn in the Asleep and Listen states
between successive periodic bi-directional handshakes. The timer is
initialised upon transition from the Aware state to either Asleep or
Listen state; its expiration forces ONU’s transition back to the Aware
state.

Tsleep The maximum sojourn in the Asleep state. The timer is initialised
upon transition into the Asleep state; its expiration forces ONU’s
transition into the Listen state.

To configure pure Sleep mode operation, the initial value is set to
infinity with finite Tlisten and Tlowp initial values.

Tlisten The maximum sojourn in the Asleep state. The timer is initialised
upon transition into the Listen state; its expiration forces ONU’s
transition into the Asleep state.

To configure pure Doze mode operation, the initial value is set to
infinity with finite Tsleep and Tlowp initial values.

[0051] To support unified operation using three distinct power levels, in some
implementations, the ONU timing parameters Tsleep and Tlisten are initialized each to a finite
non-zero value, while Tlowpower is initialized to a finite value much larger than the initial
values of either Tsleep or Tlisten. Then, during operation, values can be adjusted through
parameter configuration to either Dozing or Cyclic Sleep modes. To implement Cyclic Sleep,
timing parameter Tsleep may be initialized to infinity, timing parameter Tlisten may be
initialized to zero, and timing parameter Tlowp may be initialized to finite non-zero value. To
implement ONU Dozing, timing parameter Tlisten may be initialized to infinity, timing
parameter Tsleep may be initialized to zero, and timing parameter Tlowp may be initialized to a
finite non-zero value.

[0052] In the state diagram depicted in FIG. 5, the binary flag SleepOFF (SleepOn being
its binary complement) is a matter of notational convenience which is used to indicate the
operation of the machine in the ONU dozing mode. An alternative implementation could make

a transition from Aware state upon expiration of the Taware timer unconditionally into the
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Asleep state. In the ONU dozing mode, Tsleep is initialized to zero, and the transition to Listen

would immediately follow.

OLT power management state machine
[0053] In some implementations, the OLT maintains an instance of the state machine for
each subtending ONU that is characterized by the following states and the state transitions as

shown in FIG. 6.

Table 6 — OLT power management states

State Semantics

(1) AwakeForced The OLT holds the ONU in a full power mode. The OLT provides
normal allocations to ONU, forwards downstream traffic, and expects
a response to every bandwidth grant.

Upon transition to and periodically during the sojourn in this state, the
OLT sends a LPM-Disallow message to the ONU.

(2) AwakeFree The OLT consents to the ONU’s transition into a low power mode.
The OLT provides normal allocations to ONU, forwards downstream
traffic, and expects a response to every bandwidth grant.

Upon transition to and periodically during the sojourn in this state, the
OLT sends a LPM-Allow message to the ONU.

(3) LowPower The OLT is aware that the ONU is in a low power mode. The OLT
provides at least signalling allocations to ONU, optionally forwards
downstream traffic, but does not expect a response to every
bandwidth grant.

Upon transition to and periodically during the sojourn in this state, the
OLT sends a LPM-Allow message to the ONU.

(4) Alerted The OLT attempts to bring the ONU back into a full power mode.
The OLT provides at least signalling allocations to ONU, optionally
forwards downstream traffic, but does not expect a response to every
bandwidth grant.

Upon transition to and periodically during the sojourn in this state, the
OLT sends a LPM-Disallow message to the ONU.

[0054] In some implementations, the OLT maintains a pair of complementary, mutually

exclusive internal conditions for each subtending ONU specified as follows.
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Table 7 — OLT internal power conditions

Condition Semantics

OLT-LPC OLT Low Power Condition for a given ONU is based on local
dynamic operational and traffic load characteristics indicating that the
OLT consents to ONU going into a low power mode.

OLT-wUC OLT Wake-Up Condition for a given ONU is based on local dynamic
operational and traffic load characteristics indicating that the OLT
objects to ONU going into a low power mode.

[0055] In some implementations, the OLT maintains the following timing parameters to
control an instance of the OLT power management state machine and allows to specify the initial

values of the timers as follows.

Table 8 — OLT timing parameters

Timer Semantics

Terr The maximum allowed time between bi-directional handshakes
between the OLT and the ONU in a low power mode. The timer is
initialised upon transition into the LowPower state and is restarted
each time OLT receives a transmission from the ONU. Expiration of
the timer indicates a low power mode timing violation by the ONU, in
which case the OLT executes a transition into AwakeForced to
diagnose alleged loss of the ONU.

Talerted The maximum allowed time for the ONU to come out of the low
power mode upon OLT’s instruction to do so. The timer is initialised
upon transition into the Alerted state. Expiration of the timer indicates
a low power mode timing violation by the ONU, in which case the
OLT executes a transition into AwakeForced to diagnose alleged loss
of the ONU.

[0056] Referring to FIGS. 7A through 7E, the present power management technology
can improve power efficiency in the system shown in FIG. 7A.

[0057] FIG. 7B is an illustration of the ONU state machine in which the left side branch
(sleep aware and asleep states) in FIG. 7A is eliminated to highlight low power aware operation.
[0058] FIG. 7C illustrates an expanded view of the internal semantics of the LowPower
state to allow two alternating power levels (Receive or Rx on, and Rx off).

[0059] FIG. 7D is an example of a prior art OLT state machine. Note that the transition

between sleep and doze states always goes through an awake state.
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[0060] FIG. 7E is an alternate embodiment of the state machine depicted in FIG. 6. The
state diagram in FIG. 7E uses the state diagram depicted in FIG. 7D and eliminates one of the

two low power branches.

[0061] FIG. 8 is a flow chart representation of a unified power management method 800.
The method 800 may be implemented on an ONU 120.
[0062] At 802, method 800 operates an ONU in a first state in which a transmitter of the

ONU is turned off and a receiver of the ONU is turned on. For example, in some
implementations, the first state may be the dozing state 210 discussed above.

[0063] At 804, method 800 operates the ONU in a second state in which both the
transmitter and the receiver are turned off. In some implementations, the second state may
correspond to the sleep state 220 discussed above.

[0064] At 806, method 800 directly transitions the ONU between the first state and the
second state, based on a power management rule. Direct transition refers to changing the
operational state of the ONU between the first and the second states without having to go
through an intermediate third state in which the power utilized by the ONU increases (e.g., as in
the Active state previously discussed). One power management rule may be based on the
timing parameters that control how long the ONU can be in the first or the second mode (e.g., in
sleep or dozing mode, as discussed previously). Other power management rules include
transitioning based on a user input (e.g., phone going off the hook), responding incoming control
messages from the OLT that specify entering or exiting the first and the second states, and so on.
[0065] FIG. 9 is a block diagram representation of an optical communications apparatus
900. The module 902 is for operating an optical network unit (ONU) in a first state (e.g.,
dozing) in which a transmitter of the ONU is turned off and a receiver of the ONU is turned on.
The module 904 is for operating the ONU in a second state (e.g., sleep state) in which both the
transmitter and the receiver are turned off. The module 906 is for transitioning the ONU
directly between the first state and the second state, based on a power management rule. In some
implementations, the transition may be achieved autonomously (i.e. without communication with
an external network entity). In some implementations, the transition may be based on a message
received from another network entity such as the OLT. In some implementations, the transition

may be based on obtaining permission to transit from one low power mode to another low power
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mode, obtained by sending a request message from the ONU to the OLT and receiving a
corresponding grant message from the OLT.

[0066] FIG. 10 is a flow chart representation of a process 1000 of controlling operation
of an optical network unit (ONU), operating in a passive optical network (PON).

[0067] At 1002, the process 1000 operates an OLT to generate a message that causes a
direct transition of the ONU from a first low power mode in which the ONU is able to receive
but not transmit to a second low power mode in which the ONU does not receive and transmit.
[0068] At 1004, the process 1000 transmits the generated message from the OLT to the
ONU. As previously discussed, the OLT may control the low power operation of ONUs by either
explicitly providing control messages or by granting requests from the ONUs, e.g., transitioning
from a dozing mode to a sleep mode. In some implementations, the process 1000 may further
locally keep track of the state in which each ONU served by the OLT is.

[0069] FIG. 11 is a block diagram representation of an optical communications apparatus
1100. The module 1102 is for operating an optical line terminal (OLT) to generate a message
that causes a direct transition of the ONU from a first low power mode in which the ONU is able
to receive but not transmit to a second low power mode in which the ONU does not receive and
transmit. The module 1104 is for transmitting the generated message from the OLT to the
ONU.

[0070] It will be appreciated that unified power management techniques are disclosed,
allowing a device to extend battery life without unduly sacrificing responsiveness to
communication requests. While the disclosed embodiments are with respect to the application to
optical communications network, the disclosed techniques are equally applicable to other
communications networks including wired and wireless networks.

[0071] The disclosed and other embodiments, modules and the functional operations
described in this document can be implemented in digital electronic circuitry, or in computer
software, firmware, or hardware, including the structures disclosed in this document and their
structural equivalents, or in combinations of one or more of them. The disclosed and other
embodiments can be implemented as one or more computer program products, i.e., one or more
modules of computer program instructions encoded on a computer readable medium for
execution by, or to control the operation of, data processing apparatus. The computer readable

medium can be a machine-readable storage device, a machine-readable storage substrate, a
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memory device, a composition of matter effecting a machine-readable propagated signal, or a
combination of one or more them. The term “data processing apparatus” encompasses all
apparatus, devices, and machines for processing data, including by way of example a
programmable processor, a computer, or multiple processors or computers. The apparatus can
include, in addition to hardware, code that creates an execution environment for the computer
program in question, e.g., code that constitutes processor firmware, a protocol stack, a database
management system, an operating system, or a combination of one or more of them. A
propagated signal is an artificially generated signal, e.g., a machine-generated electrical, optical,
or electromagnetic signal, that is generated to encode information for transmission to suitable
receiver apparatus.

[0072] A computer program (also known as a program, software, software application,
script, or code) can be written in any form of programming language, including compiled or
interpreted languages, and it can be deployed in any form, including as a stand alone program or
as a module, component, subroutine, or other unit suitable for use in a computing environment.
A computer program does not necessarily correspond to a file in a file system. A program can be
stored in a portion of a file that holds other programs or data (e.g., one or more scripts stored in a
markup language document), in a single file dedicated to the program in question, or in multiple
coordinated files (e.g., files that store one or more modules, sub programs, or portions of code).
A computer program can be deployed to be executed on one computer or on multiple computers
that are located at one site or distributed across multiple sites and interconnected by a
communication network.

[0073] The processes and logic flows described in this document can be performed by
one or more programmable processors executing one or more computer programs to perform
functions by operating on input data and generating output. The processes and logic flows can
also be performed by, and apparatus can also be implemented as, special purpose logic circuitry,
e.g., an FPGA (field programmable gate array) or an ASIC (application specific integrated
circuit).

[0074] Processors suitable for the execution of a computer program include, by way of
example, both general and special purpose microprocessors, and any one or more processors of
any kind of digital computer. Generally, a processor will receive instructions and data from a

read only memory or a random access memory or both. The essential elements of a computer are
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a processor for performing instructions and one or more memory devices for storing instructions
and data. Generally, a computer will also include, or be operatively coupled to receive data from
or transfer data to, or both, one or more mass storage devices for storing data, e.g., magnetic,
magneto optical disks, or optical disks. However, a computer need not have such devices.
Computer readable media suitable for storing computer program instructions and data include all
forms of non volatile memory, media and memory devices, including by way of example
semiconductor memory devices, e.g., EPROM, EEPROM, and flash memory devices; magnetic
disks, e.g., internal hard disks or removable disks; magneto optical disks; and CD ROM and
DVD-ROM disks. The processor and the memory can be supplemented by, or incorporated in,
special purpose logic circuitry.

[0075] While this patent document contains many specifics, these should not be
construed as limitations on the scope of an invention that is claimed or of what may be claimed,
but rather as descriptions of features specific to particular embodiments. Certain features that are
described in this document in the context of separate embodiments can also be implemented in
combination in a single embodiment. Conversely, various features that are described in the
context of a single embodiment can also be implemented in multiple embodiments separately or
in any suitable sub-combination. Moreover, although features may be described above as acting
in certain combinations and even initially claimed as such, one or more features from a claimed
combination can in some cases be excised from the combination, and the claimed combination
may be directed to a sub-combination or a variation of a sub-combination. Similarly, while
operations are depicted in the drawings in a particular order, this should not be understood as
requiring that such operations be performed in the particular order shown or in sequential order,
or that all illustrated operations be performed, to achieve desirable results.

[0076] Only a few examples and implementations are disclosed. Variations,
modifications, and enhancements to the described examples and implementations and other

implementations can be made based on what is disclosed.
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CLAIMS

What is claimed is:

1. A method of optical communication in a passive optical network, comprising:

operating an optical network unit (ONU) in a first state in which a transmitter of the ONU
is turned off and a receiver of the ONU is turned on;

operating the ONU in a second state in which both the transmitter and the receiver are
turned off; and

transitioning the ONU directly between the first state and the second state, based on a

power management rule.

2. The method of claim 1, further comprising:
operating the ONU in a third state in which both the transmitter and the receiver are

turned on.

3. The method of claim 1, further comprising:

receiving, by the receiver, a power management message from an optical line terminal
(OLT); and

configuring the power management rule based on the received power management

message.

4. The method of claim 1, wherein the power management rule specifies a first time
period for operation in the first state and a second time period for operation in the second state
and wherein the transitioning is performed upon expiration of at least one of the first time period

and the second time period.

5. The method of claim 1, further comprising:
transmitting, to an optical line terminal, a message indicative of the transitioning between

the first state and the second state.

6. The method of claim 1, further comprising:
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receiving, by the receiver, a power management message from an optical line terminal;
and
performing the transitioning responsive to the received power management message and

a local decision to change an operational state.

7. An optical communication apparatus in a passive optical network, comprising:

means for operating an optical network unit (ONU) in a first state in which a transmitter
of the ONU is turned off and a receiver of the ONU is turned on;

means for operating the ONU in a second state in which both the transmitter and the
receiver are turned off; and

means for transitioning the ONU directly between the first state and the second state,

based on a power management rule.

8. The apparatus of claim 7, further comprising:
means for operating the ONU in a third state in which both the transmitter and the

receiver are turned on.

9. The apparatus of claim 7, comprising:

means for receiving, by the receiver, a power management message from an optical line
terminal; and

means for configuring the power management rule based on the received power

management message.

10. The apparatus of claim 7, wherein the power management rule includes a first
time period for operation in the first state and a second time period for operation in the second
state and wherein the means for transitioning performs a state transition upon expiration of at

least one of the first time period and the second time period.

11. The apparatus of claim 7, further comprising:
means for receiving a power management message from an optical line terminal; and

means for performing the transitioning responsive to the received power management
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message and a local decision to change an operational state.

12. An optical communication apparatus, comprising:

a memory that stores processor-executable instructions; and

a processor that uses the stored instructions to implement a method, comprising operating
an optical network unit (ONU) in a first state in which a transmitter of the ONU is turned off and
a receiver of the ONU is turned on; and operating the ONU in a second state in which both the
transmitter and the receiver are turned off; and

wherein the processor includes means for transitioning the ONU directly between the first

state and the second state, based on a power management rule.

13. The apparatus as in claim 12, wherein the processor further uses the stored
instructions to implement the method by receiving, by the receiver, a power management
message from an optical line terminal (OLT) and configuring the power management rule based
on the received power management message, wherein the power management rule specifies a
first time period for operation in the first state and a second time period for operation in the
second state and wherein the transitioning is performed upon expiration of at least one of the first

time period and the second time period.

14. An optical line terminal (OLT) for operation in a passive optical network (PON),
the optical line terminal comprising:

a processor configured to generate messages for controlling a transition of an optical
network unit from a first low power state in which a receiver of the optical network unit is turned
on but a transmitter of the optical network unit is turned off to a second low power state in which
both the receiver and the transmitter of the optical network unit are turned off; and

a transmitter configured to transmit the generated messages to the optical network unit.

15. The optical line terminal as in claim 14, wherein the processor includes means for
specifying a first time period for operation in the first low power state and a second time period
for operation in the second low power state and wherein the transition of the optical network unit

from the first low power state to the second low power state is controlled to occur upon
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expiration of at least one of the first time period and the second time period.

16. A passive optical network (PON) communications system, comprising:

an optical network unit (ONU) operable in a first low power mode in which the ONU is
able to receive but not transmit and a second low power mode in which the ONU is not able to
either receive or transmit;

an optical line terminal (OLT) communicably coupled to the ONU, the OLT configured
to transmit a control message to the ONU to control at least one aspect of transition of the ONU

between the first low power mode and the second low power mode.

17. The system as in claim 16, wherein:

the OLT is configured to transmit the control message that includes a power management
rule that specifies a first time period for operation in the first slow power state and a second time
period for operation in the second low power state and to control the ONU to transition from the
first low power state to the second low power state upon expiration of at least one of the first

time period and the second time period.
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