UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 8,611,404 B2 Page 1 of 1
APPLICATION NO. : 13/887889

DATED : December 17, 2013

INVENTOR(S) : John A. Greszczuk et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

IN THE CLAIMS:

At Column 11, Claim 16, line 19, after “receiving,” insert -- by a transceiver --

Signed and Sealed this
Tenth Day of March, 2015

Tecbatle ZX Loa

Michelle K. Lee
Deputy Director of the United States Patent and Trademark Office
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: John A. Greszczuk ; Application No.:  13/887,889

Patent No.: 8,611,404 %Filed: May 6, 2013

Issued: December 17,2013 ; Examiner: TRAN, Khai

Confirmation No.: 8684 ; Art Unit: 2632

Atty. File No.: 6936-28-CON-7 g

For:  MULTICARRIER TRANSMISSION SYSTEM WITH LOW POWER SLEEP MODE
AND RAPID-ON CAPABILITY

REQUEST FOR CERTIFICATE OF CORRECTION OF PATENT FOR
APPLICANT’S MISTAKE (37 C.F.R §1.323)

Attn: Certificate of Corrections Branch
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

This is a request for a Certificate of Correction under 37 C.F.R. 1.323 for the above-
identified patent. Attached is form PTO/SB/44. Applicants have determined that there was an
error in claim 16 which was the mistake of the Applicant. The correction does not introduce new
matter, do not require re-examination, and do not materially affect the scope or meaning of the

patent.

e At Column 11, Claim 16, line 19, after “receiving,” insert -- by a transceiver --

1 Atty Ref, No.: 6936-28-CON-7
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Payment in the amount of $100.00, as required by 37 C.F.R. § 1.20(a) is being submitted
herewith. Although no additional fees are believed due in connection with the filing of this

paper, please charge any additional fees deemed necessary or credit any overpayment to Deposit

Account No. 19-1970.

Respectfully submitted,

SHERIDAN ROSS P.C.

e /
Date: "7/}) e M By: %
___—Fason H. Vick
. ;/rlv; No. 45,285
1560 Broadway, Suite 1200

Denver, Colorado 80202
Telephone: 303-863-9700

2 Atty Ref. No.: 6936-28-CON-7
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PTO/SB/44 (09-07)

Approved for use through 08/31/2013, OMB 0651-0033

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,

(Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

Page _ 1 of _ 1
PATENT NO. : 8,611,404
APPLICATION NO.:  13/887,889

ISSUE DATE © December 17, 2013

INVENTOR(S) John A. Greszczuk et al.

Itis certified that an error appears or errors appear in the above-identified patent and that said Letters Patent
is hereby corrected as shown below:

At Column 11, Claim 16, line 19, after “receiving,” insert -- by a transceiver -

MAILING ADDRESS OF SENDER (Please do not use customer number below);

Jason H. Vick c/o Sheridan Ross, PC

1560 Broadyway, Suite 1200

Denver, CO 80202
This collection of information is required by 37 CFR 1.322, 1.323, and 1.324, The information is required to obtain or retain a benefil 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 1.0 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. Depariment of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED

FORMS TO THIS ADDRESS. SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-8199 and select option 2.

CSCO-1002, Part 1
Page 4 of 591




Electronic Patent Application Fee Transmittal

Application Number: 13887889

Filing Date: 06-May-2013

Title of Invention: RAPID-ON CAPABILITY

MULTICARRIER TRANSMISSION SYSTEM WITH LOW POWER SLEEP MODE AND

First Named Inventor/Applicant Name: John A. Greszczuk
Filer: Jason Vick/Joanne Vos
Attorney Docket Number: 6936-28-CON-7

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Suz—;'g(tsa)l in

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

Certificate of Correction 1811 1 100 100

Extension-of-Time:

CSCO-1002, Part 1
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Description Fee Code Quantity

Amount

Sub-Total in
UsD($)

Miscellaneous:

Total in USD ($)

100
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Electronic Acknowledgement Receipt

EFS ID: 20872121
Application Number: 13887889
International Application Number:
Confirmation Number: 8684

Title of Invention:

MULTICARRIER TRANSMISSION SYSTEM WITH LOW POWER SLEEP MODE AND

RAPID-ON CAPABILITY

First Named Inventor/Applicant Name:

John A. Greszczuk

Customer Number:

62574

Filer:

Jason Vick/Joanne Vos

Filer Authorized By:

Jason Vick

Attorney Docket Number: 6936-28-CON-7
Receipt Date: 04-DEC-2014
Filing Date: 06-MAY-2013
Time Stamp: 18:46:39

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $100

RAM confirmation Number 5288

Deposit Account 191970

Authorized User

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

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)
Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

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

File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

284773

1 Request for Certificate of Correction Request_for_COC.pdf no 3

64e04c1d1a6e60d90a7 cd7ae2fd0fabd2chy
09cc

Warnings:

Information:

30308
2 Fee Worksheet (SB06) fee-info.pdf no 2

fdf357¢93ccf33ff69003899d58bchcof7bob
4c5

Warnings:

Information:

Total Files Size (in bytes):l 315081

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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Case 1:14-cv-00954-UNA Document 3 Filed 07/17/14 Page 1 of 2 PagelD #: 592

AQ 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
’ Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the U.S. District Court District of Delaware on the following
[ Trademarks or [ Patents. ( [ the patent action involves 35 U.S.C. §292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
7/18/2014 District of Delaware
PLAINTIFF DEFENDANT
TQ Delta, LLC ADTRAN, Inc.
PATENT OR DATE OF PATENT |
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1 See Attached

2 32 s
3
4
5

In the above—entitled case, the following pateni(s)/ trademark(s) have been included:

DATE INCLUDED INCLUDED BY
[J Amendment [ Answer [ Cross Bill [ Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

2
3
4
5
In the above—entitled case, the following decision has been rendered or judgement issued:
DECISION/JUDGEMENT
CLERK (BY) DEPUTY CLERK DATE

Copy 1—Upon initiation of action, mail this copy te Director Copy 3—Upon termination of action, mail this copy to Director

Copy 2—Upon filing document adding patent(s), mail this copy to Director

Copy 4—Case file copy

CSCO-1002, Part 1

Page 9 of 591



Case 1:14-cv-00954-UNA Document 3 Filed 07/17/14 Page 2 of 2 PagelD #: 593

PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 US 8,090,008 B2 1/3/2012 TQ Delta, LLC
2 US 8,073,041 Bl 12/6/2011 TQ Delta, LLC
3 US7,292,627 B2 11/6/2007 TQ Delta, LLC
4 US7471,721 B2 12/30/2008 TQ Delta, LLC
5 US 8,218,610 B2 7/10/2012 TQ Delta, LLC
6  US 8,355,427 B2 1/15/2013 TQ Delta, LLC
7  US 7,453,881 B2 11/18/2008 TQ Delta, LLC
8 US 7,809,028 B2 10/5/2010 TQ Delta, LLC
9 US 7,978,706 B2 7/12/2011 TQ Delta, LLC
10 US 8,422,511 B2 4/16/2013 TQ Delta, LLC
11  US 7,889,784 B2 2/15/2011 TQ Delta, LL.C
12 US 7,835,430 B2 11/16/2010 TQ Delta, LLC
13 US 7,570,686 B2 8/4/2009 TQ Delta, LLC
14 US 8,238,412 B2 8/7/2012 TQ Delta, LLC
15 US 8,432,956 B2 4/30/2013 TQ Delta, LLC
16 US7451,379 B2 11/11/2008 TQ Delta, LLC
17 US 8,516,337 B2 8/20/2013 TQ Delta, LLC
18 US 7,979,778 B2 7/12/2011 TQ Delta, LLC
19 US 7,925,958 B2 4/12/2011 TQ Delta, LLC
20 US 8,462,835 B2 6/11/2013 TQ Delta, LLC
21  US 8,594,162 B2 11/26/2013 TQ Delta, LLC
22 US 7,978,753 B2 7/12/2011 TQ Delta, LL.C
23 US 6,445,730 Bl 9/3/2002 TQ Delta, LLC
24 US 8,611,404 B2 12/17/2013 TQ Delta, LLC
25 US 8,437,382 B2 5/7/2013 TQ Delta, LLC
26 US 7,836,381 Bl 11/16/2010 TQ Delta, LLC
27 US 7,844,882 B2 11/30/2010 TQ Delta, LLC
28 US 8,276,048 B2 9/25/2012 TQ Delta, LLC
29 US 8,495,473 B2 7/23/2013 TQ Delta, LLC
30 US 8,607,126 Bl 12/10/2013 TQ Delta, LLC
31 US 7,831,850 B2 11/9/2010 TQ Delta, LLC
32 US 8,625,660 B2 1/7/2014 TQ Delta, LLC
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
13/887,889 12/17/2013 8611404 6936-28-CON-7 8684
62574 7590 11/26/2013

Jason H. Vick
Sheridan Ross, PC
Suite # 1200

1560 Broadway
Denver, CO 80202

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

The Patent Term Adjustment is 0 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(s) (Please see PAIR WEB site hitp://pair.uspto.gov for additional applicants):

John A. Greszczuk, Stow, MA;
Richard W. Gross, Acton, MA;

Halil Padir, N. Andover, MA;
Michael A. Tzannes, Lexington, MA;
TQ DELTA, LLC, Austin, TX

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.

IR103 (Rev. 10/09)
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OK to entered.
10/29/2013
KT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: John A. Greszczuk ) Group Art Unit: 2632

)
Application No.: 13/887,889 % Examiner: TRAN, Khai
Filed: May 6, 2013 gConﬁl“mation No.: 8684
Atty. File No.: 6936-28-CON-7 ;

For: MULTICARRIER TRANSMISSION SYSTEM WITH LOW POWER SLEEP MODE
AND RAPID-ON CAPABILITY

AMENDMENT AFTER ALLOWANCE UNDER
37 C.F.R.1.312

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

Madam:

Applicants submit this Amendment After Allowance pursuant to 37 C.F.R. 1.312 in
response to the Notice of Allowance having a mailing date of October 23, 2013, While
Applicants believe that no fees are due with the filing of this response, the undersigned hereby
authorizes the charge of any fees deemed necessary to Deposit Account No. 19-1970.

An amendment may be entered after the mailing of a Notice of Allowance but prior to
payment of the issue fee upon recommendation of the primary Examiner, Therefore, it is
respectfully requested that the above-referenced application be amended as follows:

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

Remarks begin on page 6 of this paper.

1 Attorney Docket No.: 6936-28-CON-7

CSCO-1002, Part 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O.Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION NO. |
13/887,889 05/06/2013 John A. Greszczuk 6936-28-CON-7 83684
62574 7590 11/15/2013 | |
. EXAMINER
Jason H. Vick
Sheridan Ross, PC TRAN, KHAI
Suite # 1200 ART UNIT PAPER NUMBER
1560 Broadway | | |
Denver, CO 80202 2632
| NOTIFICATION DATE | DELIVERY MODE |
11/15/2013 ELECTRONICELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

jvick @sheridanross.com

PTOL-90A (Rev. 04/07)
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P.O.Box 1450

UNITED STATES DEPARTMENT OF COMMERCE

U.S. Patent and Trademark Office
Address : COMMISSIONER FOR PATENTS

Alexandria, Virginia 22313-1450

APPLICATION NO./ FILING DATE FIRST NAMED INVENTOR / ATTORNEY DOCKET NO.
CONTROL NO. PATENT IN REEXAMINATION
13/887,889 06 May, 2013 GRESZCZUK ET AL. 6936-28-CON-7
EXAMINER

Jason H. Vick

Sheridan Ross, PC KHAITRAN

Suite # 1200

1560 Broadway ART UNIT PAPER

Denver, CO 80202
2632 20131107
DATE MAILED:

Please find below and/or attached an Office communication concerning this application or

proceeding.

Commissioner for Patents

The amendment filed 10/29/2013 has been approved and entered.

/KHAI TRAN/
Primary Examiner, Art Unit 2632

PTO-90C (Rev.04-03)

CSCO-1002, Part 1
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Application No.

L 13/887,889
Response to Rule 312 Communication

Applicant(s)

GRESZCZUK ET AL.

Examiner

KHAI TRAN

Art Unit

2632

a)[] entered.

and the required fee to withdraw the application from issue.
d) [J disapproved. See explanation below.

e)[] entered in part. See explanation below.

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

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

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

1. X The amendment filed on 29 October 2013 under 37 CFR 1.312 has been considered, and has been:

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

/KHAI TRAN/
Primary Examiner, Art Unit 2632

U.S. Patent and Trademark Office

PTOL-271 (Rev. 04-01) Reponse to Rule 312 Communication

Part of Paper No. 20131107

CSCO-1002, Part 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

or Fax

Commissioner for Patents

P.0. Box 1450

Alexandria, Virginia 22313-1450
(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 compieted where

in
maintenance fee notifications.

apégropriale. All further correspondence including the Patent, advance orders and notification of mainlenance tees will be mailed to the current correspondence address as
icated unless corrected below or directed otherwise in Rlock 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for

CURRENT CORRESPONDENCE ADDRESS (Note: 1se Black | 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

62574 , 7590 1072312013 I hereby certify that this Fee(s) Transmittal is being deposited with the United
Jason H. Vick States Postal Service with sufficient postage for first class mail in an envelope
Sheridan R PC addressed to the Mail Stop ISSUE FEE address above, or being facsimile
yneridan Ross, transmitted to the USPTO (571) 273-2885, on the date indicated below.
Suite # 1200 —
1560 Broadway (Depositor's name)
Denver, CO 80202 (Signature)
(Datc)
I APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
13/887,889 05/06/2013 John A. Greszezuk 6936-28-CON-7 8684
TITLE OF INVENTION: MULTICARRIER TRANSMISSION SYSTEM WITH LOW POWER SLEEP MODE AND RAPID-ON CAPABILITY
I APPLN. TYPE ENTITY STATUS I ISSUE TFEE DUE I PUBLICATION IFEE DUE I PREV, PAID ISSUE FEE TOTAL FEE(S) DUE l DATEDUE
nonprovisional UNDISCOUNTED $1780 $300 30 $2080 01/23/2014
I EXAMINER | ART UNIT | CLASS-SUBCLASS |
TRAN, KHAI 2632 375-219000

1. Change of correspondence address or indication of "Fee Address" (37
CER 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) the names of up to 3 registered patent attorneys ~ 1-Jason H. Vick
or agents OR, alternatively,

(2) the name of a single firm (having as a member a
registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no nameis 3
listed, no name will be printed.

2_Sheridan Ross, PC

w

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

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

(B) RESIDENCE: (CITY and STATE OR COUNTRY)
AUSTIN, TEXAS

(A) NAME OF ASSIGNEE
TQDELTA, LLC

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

D Individuat 4 Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issne fee shown above)
[ A check is enclosed.
a Payment by credit card. Form PTO-2038 is attached.

[ The Director is hereby anthorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number _19- (gZQ (enclose an extra copy of this form).

[ Issve Fee
[ publication Fee (No small cntity discount permitted)
[ Advance Order - # of Copies

PTOL-85 (Rev. 02/11)

Page 2 of 4
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5. Change in Entity Status (from status indicated above)

a Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see form PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

a Applicant asserting small entity status. See 37 CFR 1.27 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.

aJ Applicant changing to regular undiscounted fee 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: The Issuc Fee and Publication Fee (if required) will not be accepted frowu&cr‘tﬁﬁ?hc applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the Uniled States Patent and Trademark Offiee:

Authorized SignalurW Date 299« i}
=

e
Typed or printedardine __Jason H. Vick Registration No. _ 45,285

This colltction of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complele, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will vag' deﬁengin upon the individual case. Any comments on the amount of time you require to complete
this form and/or st;Fgestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Oftice, 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.

Page 3 of 4

PTOL.-85 (Rev. 02/11) Approved for use through 08/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: John A. Greszczuk ; Group Art Unit: 2632

Application No.: 13/887,889 ; Examiner;: TRAN, Khai
Filed: May 6,2013 ; Confirmation No.: 8684
Atty. File No.: 6936-28-CON-7 ;

For: MULTICARRIER TRANSMISSION SYSTEM WITH LOW POWER SLEEP MODE
AND RAPID-ON CAPABILITY

COMMENTS ON STATEMENT OF REASONS FOR ALLOWANCE

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

Madam:
Applicant submits this Comments on Statement of Reasons for Allowance to address
further the Notice of Allowability (“Notice”) having a mailing date of October 23, 2013,

In the Notice, the Examiner’s stated reasons for allowance were that;

Claims 18-37 are allowed.

The following is an examiner’s statement of reasons for allowance: none of
the prior art discloses or suggests that An apparatus and a method, comprising a
transceiver operable to: comprises a plurality of data frames followed by a
synchronization frame; transmit, in the full power mode, a synchronization signal;
receive a message to enter into a low power mode; enter into the low power mode
by reducing a power consumption of at least one portion of a transmitter; store, in
the low power mode, at least one parameter associated with the full power mode
operation wherein the at least one parameter comprises at least one of a fine gain
parameter and a bit allocation parameter; transmit, in the low power mode, a
synchronization signal; and exit from the low power and re-enter into .restore the
full power mode by using the at least one parameter and without needing to
reinitialize the transceiver,

1 Attorney Docket No.: 6936-28-CON-7
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Based on the Notice, the patentability of all other independent and dependent claims is
assumed to be based upon the elements as set forth in such claims and that such claims meet all

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

As is clear from MPEP 1302.14,

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

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

be written to specifically or impliedly state that all the reasons for allowance are

set forth.”

While the stated Reasons for Allowance may be a stated reason for allowing some
independent claims, Applicant submits that some independent claims have a different reason for
allowance and that some independent claims have other reasons for allowance.

Specifically, the prior art fails to teach the specific combination of features as recited in
the independent claims 18, 23, 28, and 33.

Although the Applicant believes that no fees are due for filing this Comments on
Statement of Reasons for Allowance, please charge any fees deemed necessary to Deposit

Account No. 19-1970.
Respectfully submitted,

SHERIDAN ROSS P.C.

Date: __ 232 « 3 By:%
on H. Vick,
Reg. No. 45,285

1560 Broadway, Suite 1200
Denver, Colorado 80202

Telephone: 303-863-9700
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: John A. Greszczuk ) Group Art Unit: 2632

)
Application No.: 13/887,889 % Examiner: TRAN, Khai
Filed: May 6, 2013 gConﬁl“mation No.: 8684
Atty. File No.: 6936-28-CON-7 ;

For: MULTICARRIER TRANSMISSION SYSTEM WITH LOW POWER SLEEP MODE
AND RAPID-ON CAPABILITY

AMENDMENT AFTER ALLOWANCE UNDER
37 C.F.R.1.312

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

Madam:

Applicants submit this Amendment After Allowance pursuant to 37 C.F.R. 1.312 in
response to the Notice of Allowance having a mailing date of October 23, 2013, While
Applicants believe that no fees are due with the filing of this response, the undersigned hereby
authorizes the charge of any fees deemed necessary to Deposit Account No. 19-1970.

An amendment may be entered after the mailing of a Notice of Allowance but prior to
payment of the issue fee upon recommendation of the primary Examiner, Therefore, it is
respectfully requested that the above-referenced application be amended as follows:

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

Remarks begin on page 6 of this paper.
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Amendments to the Claims:

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

Listing of Claims:

1.-17. (Cancelled)

18.  (Previously Presented) An apparatus comprising a transceiver operable to:

transmit, in a full power mode, a plurality of superframes, wherein the superframe
comprises a plurality of data frames followed by a synchronization frame;

transmit, in the full power mode, a synchronization signal,

receive a message to enter into a low power mode;

enter into the low power mode by reducing a power consumption of at least one portion
of a transmitter;

store, in the low power mode, at least one parameter associated with the full power mode
operation wherein the at least one parameter comprises at least one of a fine gain parameter and a
bit allocation parameter;

transmit, in the low power mode, a synchronization signal; and

exit from the low power and restore the full power mode by using the at least one

parameter and without needing to reinitialize the transceiver,

19. (Previously Presented) The apparatus of claim 18, further operable to transmit at

least one test signal prior to restoring the full power mode.

20.  (Previously Presented) The apparatus of claim 18, further operable to continue to

maintain a synchronized frame count with a second transceiver during the low power mode.

21.  (Previously Presented) The apparatus of claim 18, wherein the apparatus is a CO

device that is capable of transmitting internet and video data.

2 Attorney Docket No.: 6936-28-CON-7

CSCO-1002, Part 1
Page 21 of 591




22, (Previously Presented) The apparatus of claim 18, wherein the apparatus is a

customer premises equipment that is capable of transmitting internet and video data.

23, (Previously Presented) An apparatus comprising a transceiver operable to:

receive, in a full power mode, a plurality of superframes, wherein the superframe
comprises a plurality of data frames followed by a synchronization frame;

receive, in the full power mode, a synchronization signal;

transmit a message to enter into a low power mode;

store, in a low power mode, at least one parameter associated with the full power mode
operation wherein the at least one parameter comprises at least one of a fine gain parameter and a
bit allocation parameter;

receive, in the low power mode, a synchronization signal; and

exit from the low power and restore the full power mode by using the at least one

parameter and without needing to reinitialize the transceiver.

24, (Previously Presented) The apparatus of claim 23, further operable to receive at

least one test signal prior to restoring the full power mode.

25.  (Previously Presented) The apparatus of claim 23, further operable to continue to

maintain a synchronized frame count with a second transceiver during the low power mode.

26, (Previously Presented) The apparatus of claim 23, wherein the apparatus is a CO

device that is capable of transmitting internet and video data.

27.  (Previously Presented) The apparatus of claim 23, wherein the apparatus is a

customer premises equipment that is capable of transmitting internet and video data.

28. (Currently Amended) A method of multicarrier communications comprising:
transmitting, by a transceiver, in a full power mode, a plurality of superframes, wherein
the superframe comprises a plurality of data frames followed by a synchronization frame;

transmitting, in the full power mode, a synchronization signal;
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receiving a message to enter into a low power mode;

entering into the low power mode by reducing a power consumption of at least one
portion of a transmitter;

storing, in the low power mode, at least one parameter associated with the full power
mode operation wherein the at least one parameter comprises at least one of a fine gain
parameter and a bit allocation parameter;

transmitting, in the low power mode, a synchronization signal; and

exiting from the low power and restoringrestere the full power mode by using the at least

one parameter and without needing to reinitialize the transceiver.

29.  (Previously Presented) The method of claim 28, further comprising transmitting at

least one test signal prior to restoring the full power mode.

30. (Previously Presented) The method of claim 28, further comprising continuing to

maintain a synchronized frame count with a second transceiver during the low power mode.

31.  (Previously Presented) The method of claim 28, wherein the method is performed

by a CO device that is transmitting internet and video data.

32.  (Previously Presented) The method of claim 28, wherein the method is performed

by a customer premises equipment that is transmitting internet and video data.

33.  (Currently Amended) A method of multicarrier communications comprising:

receiving, in a full power mode, a plurality of superframes, wherein the superframe
comprises a plurality of data frames followed by a synchronization frame;

receiving, in the full power mode, a synchronization signal;

transmitting a message to enter into a low power mode;

storing, in a low power mode, at least one parameter associated with the full power mode
operation wherein the at least one parameter comprises at least one of a fine gain parameter and a
bit allocation parameter;

receiving, in the low power mode, a synchronization signal; and
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exiting from the low power and restoringrestore the full power mode by using the at least

one parameter and without needing to reinitialize the transceiver.

34, (Previously Presented) The method of claim 33, further comprising receiving at

least one test signal prior to restoring the full power mode,

35.  (Previously Presented) The method of claim 33, further comprising continuing to

maintain a synchronized frame count with a second transceiver during the low power mode.

36. (Previously Presented) The method of claim 33, wherein the method is performed

by a CO device that is receiving internet and video data.

37. (Previously Presented) The method of claim 33, wherein the method is performed

by a customer premises equipment that is receiving internet and video data.
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REMARKS

By this amendment, claims 28 and 33 have been amended to correct a minor grammatical
error, No new matter is believed to be introduced by this amendment,

The Commissioner is hereby authorized to charge to deposit account number 19-1970
any fees under 37 CFR § 1.16 and 1.17 that may be required by this paper and to credit any
overpayment to that Account. If any extension of time is required in connection with the filing

of this paper and has not been separately requested, such extension is hereby petitioned.

Respectfully submitted,

SHERIDAN ROSS P.C.
Date: Aldes [ By:
///// —Tason H. Vick

Reg. No. 45,285

1560 Broadway, Suite 1200
Denver, Colorado 80202
Telephone: 303-863-9700
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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.

CSCO-1002, Part 1
Page 35 of 591



Notices of Allowance and Fee(s) Due mailed between October 1, 2013 and
December 31, 2013

(Addendum to PTOL-85)
If the “Notice of Allowance and Fee(s) Due” has a mailing date on or after October 1, 2013 and before

January 1, 2014, the following information is applicable to this application.

If the issue fee is being timely paid on or after January 1, 2014, the amount due is the issue fee and
publication fee in effect January 1, 2014. On January 1, 2014, the issue fees set forth in 37 CFR 1.18
decrease significantly and the publication fee set forth in 37 CFR 1.18(d)(1) decreases to $0.

If an issue fee or publication fee has been previously paid in this application, applicant is not entitled to a
refund of the difference between the amount paid and the amount in effect on January 1, 2014.
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Application No. Applicant(s)
13/887,889 GRESZCZUK ET AL.
: i i i AlA (First Inventor to
Notice of Allowability Em"l“'T"F?RN ‘2\23;’"“ File) Statis
No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [X] This communication is responsive to the amendment filed 09/12/2013.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

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

3. [X] The allowed claim(s) is/are 18-37. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
hltp:fwww usplo.gov/patenis/int_events/gph/indax.jsp or send an inquiry to PPHieedback@usplo.qov .

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

a)[J Al b)[dSome *c) [] None of the:
1. [] Certified copies of the priority documents have been received.
2. [] Certified copies of the priority documents have been received in Application No.
3. [[] Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: __

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

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

[0 including changes required by the attached Examiners Amendment / Comment or in the Office action of
Paper No./Mail Date .

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

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

Attachment(s)

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

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

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

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

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20131017
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Application/Control Number: 13/887,889 Page 2
Art Unit: 2632

REASONS FOR ALLOWANCE

1. The amendment filed 09/12/2013 has been entered. Claims 1-17 have been
cancelled. Claims 18-37 are pending in this Office action.
Allowable Subject Matter

2. Claims 18-37 are allowed.
3. The following is an examiner’s statement of reasons for allowance: none of the
prior art discloses or suggests that An apparatus and a method, comprising a
transceiver operable to: comprises a plurality of data frames followed by a
synchronization frame; transmit, in the full power mode, a synchronization signal;
receive a message to enter into a low power mode; enter into the low power mode by
reducing a power consumption of at least one portion of a transmitter; store, in the low
power mode, at least one parameter associated with the full power mode operation
wherein the at least one parameter comprises at least one of a fine gain parameter and
a bit allocation parameter; transmit, in the low power mode, a synchronization signal;
and exit from the low power and re-enter into .restore the full power mode by using the
at least one parameter and without needing to reinitialize the transceiver.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”
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Application/Control Number: 13/887,889 Page 3
Art Unit: 2632

Conclusion
4. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to KHAI TRAN whose telephone number is (571)272-3019.
The examiner can normally be reached on 7:00AM - 4:30PM.

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.

/KHAI TRAN/
Primary Examiner, Art Unit 2632

KT
October 17, 2013
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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 |
13/887,889 05/06/2013 John A. Greszczuk 6936-28-CON-7
CONFIRMATION NO. 8684
62574 PUBLICATION NOTICE
Jason H. Vick

Sheridan Ross, PC N TSR L R

Suite # 1200 0063856
1560 Broadway
Denver, CO 80202

Title:MULTICARRIER TRANSMISSION SYSTEM WITH LOW POWER SLEEP MODE AND RAPID-ON
CAPABILITY

Publication No.US-2013-0243051-A1
Publication Date:09/19/2013

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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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: John A. Greszczuk ; Group Art Unit: 2632

Application No.: 13/887,889 g Examiner: TRAN, Khai
Filed: May 6, 2013 g Confirmation No.: 8684
Atty. File No.: 6936-28-CON-7 ;

For: MULTICARRIER TRANSMISSION SYSTEM WITH LOW POWER SLEEP MODE
AND RAPID-ON CAPABILITY

AMENDMENT AND RESPONSE

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

Madam:

Applicants submit this Amendment and Response to address the Office Action having a
mailing date of September 6, 2013. Please credit any overpayment or charge any underpayment
to Deposit Account No, 19-1970.

Please amend the above-identified patent application as follows:

Amendments to the Claims are shown in the listing of claims which begins on page 2 of
this paper.

Remarks begin on page 6 of this paper.
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Amendments to the Claims:

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

Listing of Claims:

1.-17. (Cancelled)

18.  (Currently Amended) An apparatus comprising a transceiver operable to:

transmit, in a full power mode, a plurality of superframes, wherein the superframe
comprises a plurality of data frames followed by a synchronization frame;

transmit, in the full power mode, a synchronization signal,

receive a message to enter into a low power mode;

enter into the low power mode by reducing a power consumption of at least one portion
of a transmitter;

store, in the low power mode, at least one parameter associated with the full power mode
operation wherein the at least one parameter comprises at least one of a fine gain parameter and a
bit allocation parameter;

transmit, in the low power mode, a synchronization signal; and

exit from the low power and re-enter-into-restore the full power mode by using the at

least one parameter and without needing to reinitialize the transceiver,

19.  (Currently Amended) The apparatus of claim 18, further operable to transmit at
least one test signal prior to re-entering-inte-restoring the full power mode.

20.  (Previously Presented) The apparatus of claim 18, further operable to continue to

maintain a synchronized frame count with a second transceiver during the low power mode.

21. (Previously Presented) The apparatus of claim 18, wherein the apparatus is a CO

device that is capable of transmitting internet and video data.

2 Attorney Docket No.: 6936-28-CON-7
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22.  (Previously Presented) The apparatus of claim 18, wherein the apparatus is a

customer premises equipment that is capable of transmitting internet and video data.

23.  (Currently Amended) An apparatus comprising a transceiver operable to:
receive, in a full power mode, a plurality of superframes, wherein the superframe

comprises a plurality of data frames followed by a synchronization frame;

enterreceive, in the full power mode, a synchronization signal;

transmit a message to enter into a low power mode;

store, in a low power mode, at least one parameter associated with the full power mode
operation wherein the at least one parameter comprises at least one of a fine gain parameter and a
bit allocation parameter;

receive, in the low power mode, a synchronization signal; and

exit from the low power and re-enter-into-restore the full power mode by using the at

least one parameter and without needing to reinitialize the transceiver.

24.  (Currently Amended) The apparatus of claim 23, further operable to receive at
least one test signal prior to re-enteringinto-restoring the full power mode.

25.  (Previously Presented) The apparatus of claim 23, further operable to continue to

maintain a synchronized frame count with a second transceiver during the low power mode.

26.  (Previously Presented) The apparatus of claim 23, wherein the apparatus is a CO

device that is capable of transmitting internet and video data.

27.  (Previously Presented) The apparatus of claim 23, wherein the apparatus is a

customer pfemises equipment that is capable of transmitting internet and video data.

28.  (Currently Amended) A method of multicarrier communications comprising:
transmitting, by a transceiver, in a full power mode, a plurality of superframes, wherein
the superframe comprises a plurality of data frames followed by a synchronization frame;

transmitting, in the full power mode, a synchronization signal;

3 Attorney Docket No.: 6936-28-CON-7
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receiving a message to enter into a low power mode;

enterentering into the low power mode by reducing a power consumption of at least one
portion of a transmitter;

storing, in the low power mode, at least one parameter associated with the full power
mode operation wherein the at least one parameter comprises at least one of a fine gain
parameter and a bit allocation parameter;

transmitting, in the low power mode, a synchronization signal; and

exiting from the low power and re-entering-inte-restore the full power mode by using the

at least one parameter and without needing to reinitialize the transceiver.

29.  (Currently Amended) The method of claim 28, further comprising transmitting at
least one test signal prior to re-entering-into-restoring the full power mode.

30.  (Previously Presented) The method of claim 28, further comprising continuing to

maintain a synchronized frame count with a second transceiver during the low power mode.

31.  (Previously Presented) The method of claim 28, wherein the method is performed

by a CO device that is transmitting internet and video data,

32.  (Previously Presented) The method of claim 28, wherein the method is performed

by a customer premises equipment that is transmitting internet and video data.

33.  (Currently Amended) A method of multicarrier communications comprising:

receiving, in a full power mode, a plurality of superframes, wherein the superframe
comprises a plurality of data frames followed by a synchronization frame;

enteringreceiving, in the full power mode, a synchronization signal,

transmitting a message to enter into a low power mode;

storing, in a low power mode, at least one parameter associated with the full power mode
operation wherein the at least one parameter comprises at least one of a fine gain parameter and a
bit allocation parameter;

receiving, in the low power mode, a synchronization signal; and

4 Attorney Docket No.: 6936-28-CON-7

CSCO-1002, Part 1
Page 50 of 591




exiting from the low power and re-enter-into-restore the full power mode by using the at

least one parameter and without needing to reinitialize the transceiver.

34.  (Currently Amended) The method of claim 33, further comprising receiving at
least one test signal prior to re-entering-inte-restoring the full power mode.

35.  (Previously Presented) The method of claim 33, further comprising continuing to

maintain a synchronized frame count with a second transceiver during the low power mode.

36.  (Previously Presented) The method of claim 33, wherein the method is performed

by a CO device that is receiving internet and video data.

37.  (Previously Presented) The method of claim 33, wherein the method is performed

by a customer premises equipment that is receiving internet and video data.
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REMARKS

Applicant respectfully requests reconsideration of this application as amended.

Applicant would like to thank the Examiner for the indication of allowable subject
matter.

Regarding the outstanding 35 U.S.C. §112 rejection, Applicant believes the objected to
term is fully supported by the specification and Figures. See, for example, Figure 2 and the
corresponding description. Nevertheless, to advance prosecution, the objected to term has been
amended to recite “restore.” This term is also fully supported by Fig. 2, and the corresponding
description and, at least, page 11, first full paragraph. (See substitute specification.)

With the rejection having been overcome, Applicant respectfully submits the application
is in condition for allowance.

A prompt notice of allowance is respectfully solicited.

Should the Examiner believe anything further is desirable in order to place the
application in even better condition for allowance, the Examiner is encouraged to contact
Applicants undersigned representative at the telephone number listed below.

The Commissioner is hereby authorized to charge to deposit account number 19-1970
any fees under 37 CFR § 1.16 and 1.17 that may be required by this paper and to credit any
overpayment to that Account. If any extension of time is required in connection with the filing

of this paper and has not been separately requested, such extension is hereby Petitioned.

Respectfully submitted,

SHERIDAN ROSS P.C.

Date: _ |3 SpgelT /> By:

L
/ L Vick
/Zﬁﬁ 45,285
1560 Broadway, Suite 1200

Denver, Colorado 80202
Telephone: 303-863-9700
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5 5
Independ ;
Z ) oRin |4 Mins | -4 -0 x 5420 - 0
= | [ Avplication Size Fee (37 CFR 1.16(s))
< f—
l:l FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
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 37cFr . : "
Gl s Minus = X $ =
= Independent . : xx
) $370?=R1.16Q) Minus = X $ =
& | T Appiication size Fee (37 GFR 1.16(s))
=
<C l:l FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL ADD’L FEE
* If the entry in column 1 is less than the entry in column 2, write “0” in column 3. LIE

/CORALIA BETANCOURT/

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Jason H. Vick
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Suite # 1200 ART UNIT PAPER NUMBER
1560 Broadway | | |
Denver, CO 80202 2632
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Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

jvick @sheridanross.com
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Application No. Applicant(s)
13/887,889 GRESZCZUK ET AL.

Office Action Summary Examiner Art Unit ATA (First Inventor o File)
KHAI TRAN 2632 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 3MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

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

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

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

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

Status
1)XI Responsive to communication(s) filed on 21 August 2013.
[ 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)[] 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) 18-37 is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.

6)[] Claim(s) ___is/are allowed.

7)X Claim(s) 18-37is/are rejected.

8)[1 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

hitn /raww.usplo.gov/patenis/init_events/pph/indax.jsp or send an inquiry to PPHfeedback@uspto.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[C] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)J Al b)[JSome* ¢)[] None of the:
1.0 Certified copies of the priority documents have been received.
2. Certified copies of the priority documents have been received in Application No.
3.0 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) IZ Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
. . Paper No(s)/Mail Date.
2) Iz Information Disclosure Statement(s) (PTO/SB/08) D Other:
Paper No(s)/Mail Date 05/06/2013; 08/05/2013. ther
U.S. Patent and Trademark Office
PTOL-326 (Rev. 05-13) Office Action Summary Part of Paper No./Mail Date 20130830
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DETAILED ACTION

1. The preliminary amendment field 08/21/2013 has been entered. Claims 1-17
have been cancelled. Claims 18037 are pending in this Office action.

Claim Rejections - 35 USC § 112
2. Claims 18-$$ are rejected under 35 U.S.C. 112(a) or 35 U.S.C. 112 (pre-AlA),
first paragraph, as failing to comply with the enablement requirement. The claim(s)
contains subject matter which was not described in the specification in such a way as to
enable one skilled in the art to which it pertains, or with which it is most nearly
connected, to make and/or use the invention.

Regarding claim 18, line 13, the phrase “exit from the low power mode and re-
enter into the full power mode”, the phrase “re-enter into the full power mode” is not
disclosed in the specification and the phrase is not clear what is re-entered into the full
power mode as set forth in claim 23, line 10, claim 28, line 12 and claim 33, line 10.

Claim 19-22, 24-27, 29-32 and 34-37 are rejected by virtue of their dependency.

Allowable Subject Matter
3. Claims 18, 23, 28 and 33 would be allowable if rewritten or amended to
overcome the rejection(s) under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA), 2nd
paragraph, set forth in this Office action.
4. Claims 19-22, 24-27, 29-32 and 34-37 would be allowable if rewritten to
overcome the rejection(s) under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA), 2nd
paragraph, set forth in this Office action and to include all of the limitations of the base

claim and any intervening claims.
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Conclusion
5. The prior art made of record and not relied upon is considered pertinent to
applicant's disclosure.

Garrett et al (U.S. Pat. 6,047,378) disclose wake multiple over LAN.

6. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to KHAI TRAN whose telephone number is (571)272-3019.
The examiner can normally be reached on 7:00AM - 4:30PM.

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.

/KHAI TRAN/

Primary Examiner, Art Unit 2632
KT
August 30, 2013
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSplo.gov

BIB DATA SHEET
CONFIRMATION NOQ. 8684

SERIAL NUMBER FILINgAgrrE 371(c) CLASS GROUP ART UNIT ATTORNE(Y)-DOCKET
13/887,889 05/06/2013 375 2632 6936-28-CON-7
RULE
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John A. Greszczuk, Stow, MA;
Richard W. Gross, Acton, MA;

Halil Padir, N. Andover, MA;
Michael A. Tzannes, Lexington, MA;
TQ DELTA, LLC, Austin, TX

** CONTINUING DATA
This application is a CON of 13/152,558 06/03/2011 PAT 8437382
which is a CON of 12/615,946 11/10/2008 PAT 7978753
which is a CON of 11/425,507 06/21/2006 PAT 7697598
which is a CON of 11/289,516 11/30/2005 ABN
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Acknowledged Examiner’s Signature Tnitals MA 4 9 1

ADDRESS

Jason H. Vick

Sheridan Ross, PC

Suite # 1200

1560 Broadway
Denver, CO 80202
UNITED STATES

TITLE

MULTICARRIER TRANSMISSION SYSTEM WITH LOW POWER SLEEP MODE AND RAPID-ON
CAPABILITY

|0 Al Fees |
|0 1.16 Fees (Filing) |
|
|
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Sheet | 1 | of | 6 IAttorney Docket Number 6936-28-CON-7
U.S. PATENT DOCUMENTS
Examiner | Cite | Document Number Publication Date Name of Patentee of Pages, Columns, Lines, Where
Initials* [ No." | Number-kind Code 2 #ov MM-DD-YYYY Applicant of Cited Document | Relevant Passages or Relevant
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KT/ 11 |5206886 04-27-1993 | Bingham
2 5224152 06-29-1993 Harte
3 5428790 06-27-1995 Harper et al
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5 5487069 01-23-1996 O'Sullivan et al.
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22 | 6567473 05-20-2003 Tzannes
23 | 6654410 11-25-2003 Tzannes
24 | 7292627 11-06-2007 Tzannes
25 | 7463872 12-09-2008 Jinetal.
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27 | 7978753 07-12-2011 Greszczuk et al.
28 | 8437382 05-07-2013 Greszczuk et al.
29 ]2002/0150152 10-17-2002 Greszczuk et al.
130 [2004/0160906 08-19-2004 Greszczuk et al.
31 |12005/0185726 08-25-2005 Greszczuk et al.
KT/ 132 12008/0078060 04-13-2006 Greszczuk et al.
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abstract)
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abstract)
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abstract)
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52 |MACQ et al., "A CMOS activity detector for ADSL link," ESSCIRC 1995, 21st European Solid-
State Circuits Conference, Sept. 19-21, 1995, pp.-430-433

53 [International Search Report forinternational (PCT) App No. PCT/US99/01539, mailed Oct. 29,
1999 (Attorney Ref. No. 6936-28-PCT)
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% | 54 |international Preliminary Examination Report for International (PCT) App. No. PCT/US99/01539
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wr | 99 Examiner's First Report for Australian Patent Application No. 23409/99, dated Feb. 7 2003
/KT (Attorney Ref. No. 6936-28-PAU)

56 |Notice of Acceptance for Australian Patent Application No. 23409/99, dated July 25, 2003
(Attorney Ref. No. 6936-28-PAU)

57 [Official Action for Canadian Patent Application No. 2357551, dated Nov. 23, 2005 (Attorney Ref.
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58 [Notice of Allowance for Canadian Patent Application No. 2357551 dated Dec. 14, 2007
(Attorney's Ref. No. 6936-28-PCA)

59 |Official Action for Canadian Patent Application No. 2,633,064, dated Oct. 31, 2008 (Attorney Ref.
No. 6936-28-PCA-DIV)

60 |Official Action for Canadian Patent Application No. 2,633,064, dated Aug. 17, 2009 (Attorney Ref.
No. 6936-28-PCA-DIV) ‘

61 [Notice of Allowance for Canadian Patent Application No. 2,633,064, dated Mar. 5, 2010 (Attorney
Ref. No. 6936-28-PCA-DIV)

62 |Official Action for Canadian Patent Application No. 2,633,064, dated Oct. 15, 2010 (Attorney Ref.
No. 6936-28-PCA-DIV)

63 |Communication under Rule 51(4) EPC, dated April 22, 2004, granting European Patent
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84 [European Search Report for European Patent Application No. EP 04022871, dated July 6, 2005
(Attorney Ref. No. 6936-28-PEP2)

65 Communication under Rule 51(4) EPC, dated May 7, 2007, granting European Patent Application
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(Attorney Ref. No. 6936-28-PEP3)

68 |Official Action for European Patent Application No. 07021150, dated May 6, 2010 (Attorney Ref.
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o 71 |European Search Report for European Patent Application No. EP 10012013.8, mailed Dec. 27,
L 2011 (Attorney Ref. No.: 6936-28-PEP-3-DIV-2)

72 |Notice of Reasons for Rejection (including translation) for Japanese Patent Application No. 2000-
596705, mailed Aug. 19, 2008 (Attorney Ref. No. 6936-28-PJP)

73 |Notice of Allowance for Japanese Patent Application No. 2000-596705, mailed Mar. 16, 2009
(Attorney Ref. No. 6936-28-PJP)
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2008-323651, mailed Feb. 8, 2010 (Attorney Ref. No. 6936-28-PJP-DIV)
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2008-323651, mailed Mar. 7, 2011 (Attorney Ref. No. 6936-28-PJP-DIV)

76 |Decision of Final Rejection for Japanese Patent Application No. 2008-323651, mailed Nov. 28,
2011 (Attorney Ref. No. 6936-28-PJP-DIV)
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Nov. 15, 2005 (Attorney Ref. No. 6936-28-PKR)

78 |Official Action for U.S. Patent Application No. 09/581,400 mailed Mar. 13, 2002 (Attorney Ref. No.
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79 |Notice of Allowance for U.S. Patent Application No. 09/581,400 mailed Jun. 17, 2002 (Attorney
Ref. No. 6936-28) '
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82 |Official Action for U.S. Patent Apblication No. 11/090,183 mailed Sep. 12, 2005 (Attorney Ref. No.
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83 |Official Action for U.S. Patent Application No. 11/289,516 mailed Mar. 27, 2006 (Attorney Ref. No.
6936-28-CON-3)

84 [Official Action for U.S. Patent Application No. 11/425,507, mailed Nov. 28, 2007 (Attorney Ref. No.
6936-28-CON-4)

85 [Official Action for U.S. Patent Application No. 11/425,507, mailed Aug. 22, 2008 (Attorney Ref. No.
6936-28-CON-4)

"4
-

V 86 |Official Action for U.S. Patent Application No. 11/425,507, mailed Apr. 27, 2009 (Attorney Ref. No.

KA/ 6936-28-CON-4)
Examiner Khai Tran/ Date 08/28/2013
Signature ' ' Considered
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: John A. Greszczuk § Group Art Unit; 2632

Application No.: 13/887,889 ; Examiner: TRAN, Khai

Filed: May 6, 2013 % Confirmation No.: 8684

Atty. File No.: 6936-28-CON-7 3

For: MULTICARRIER TRANSMISSION SYSTEM WITH LOW POWER SLEEP MODE
AND RAPID-ON CAPABILITY

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

PRELIMINARY AMENDMENT

Dear Sir:

Prior to the initial review of the above-identified patent application by the Examiner,
please enter the following Preliminary Amendment. Although Applicants do not believe that any
fees are due based upon the filing of this Preliminary Amendment, please charge any such fees to
Deposit Account 19-1970.

Please amend the above-identified patent application as follows:

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

Remarks begin on page 6 of this paper.
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Amendments to the Claims:

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

Listing of Claims:

1.-17. (Cancelled)

18. (New) An apparatus comprising a transceiver operable to:

transmit, in a full power mode, a plurality of superframes, wherein the superframe
comprises a plurality of data frames followed by synchronization frame;

transmit, in the full power mode, a synchronization signal;

receive a message to enter into a low power mode;

enter into the low power mode by reducing a power consumption of at least one portion
of a transmitter;

store, in the low power mode, at least one parameter associated with the full power mode
operation wherein the at least one parameter comprises at least one of a fine gain parameter and a
bit allocation parameter;

transmit, in the low power mode, a synchronization signal; and

exit from the low power and re-enter into the full power mode by using the at least one

parameter and without needing to reinitialize the transceiver.

19.  (New) The apparatus of claim 18, further operable to transmit at least one test

signal prior to re-entering into the full power mode.

20.  (New) The apparatus of claim 18, further operable to continue to maintain a

synchronized frame count with a second transceiver during the low power mode.

21. (New) The apparatus of claim 18, wherein the apparatus is a CO device that is

capable of transmitting internet and video data.

2 Attorney Docket No.: 6936-28-CON-7
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22, (New) The apparatus of claim 18, wherein the apparatus is a customer premises

equipment that is capable of transmitting internet and video data.

23.  (New) An apparatus comprising a transceiver operable to:

receive, in a full power mode, a plurality of superframes, wherein the superframe
comprises a plurality of data frames followed by synchronization frame;

enter, in the full power mode, a synchronization signal,

transmit a message to enter into a low power mode;

store, in a low power mode, at least one parameter associated with the full power mode
operation wherein the at least one parameter comprises at least one of a fine gain parameter and a
bit allocation parameter;

receive, in the low power mode, a synchronization signal; and

exit from the low power and re-enter into the full power mode by using the at least one

parameter and without needing to reinitialize the transceiver,

24.  (New) The apparatus of claim 23, further operable to receive at least one test

signal prior to re-entering into the full power mode.

25.  (New) The apparatus of claim 23, further operable to continue to maintain a

synchronized frame count with a second transceiver during the low power mode.

26.  (New) The apparatus of claim 23, wherein the apparatus is a CO device that is

capable of transmitting internet and video data.

27.  (New) The apparatus of claim 23, wherein the apparatus is a customer premises

equipment that is capable of transmitting internet and video data.

28.  (New) A method of multicarrier communications comprising:
transmitting, by a transceiver, in a full power mode, a plurality of superframes, wherein
the superframe comprises a plurality of data frames followed by synchronization frame;

transmitting, in the full power mode, a synchronization signal;

3 Attorney Docket No.: 6936-28-CON-7
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receiving a message to enter into a low power mode;

enter into the low power mode by reducing a power consumption of at least one portion
of a transmitter;

storing, in the low power mode, at least one parameter associated with the full power
mode operation wherein the at least one parameter comprises at least one of a fine gain
parameter and a bit allocation parameter;

transmitting, in the low power mode, a synchronization signal; and

exiting from the low power and re-entering into the full power mode by using the at least

one parameter and without needing to reinitialize the transceiver.

29.  (New) The method of claim 28, further comprising transmitting at least one test

signal prior to re-entering into the full power mode.

30.  (New) The method of claim 28, further comprising continuing to maintain a

synchronized frame count with a second transceiver during the low power mode.

31, (New) The method of claim 28, wherein the method is performed by a CO device

that is transmitting internet and video data.

32, (New) The method of claim 28, wherein the method is performed by a customer

premises equipment that is transmitting internet and video data.

33.  (New) A method of multicarrier communications comprising:

receiving, in a full power mode, a plurality of superframes, wherein the superframe
comprises a plurality of data frames followed by synchronization frame;

entering, in the full power mode, a synchronization signal;

transmitting a message to enter into a low power mode;

storing, in a low power mode, at least one parameter associated with the full power mode
operation wherein the at least one parameter comprises at least one of a fine gain parameter and a
bit allocation parameter;

receiving, in the low power mode, a synchronization signal; and
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exiting from the low power and re-enter into the full power mode by using the at least

one parameter and without needing to reinitialize the transceiver.

34, (New) The method of claim 33, further comprising receiving at least one test

signal prior to re-entering into the full power mode.

35.  (New) The method of claim 33, further comprising continuing to maintain a

synchronized frame count with a second transceiver during the low power mode.

36.  (New) The method of claim 33, wherein the method is performed by a CO device

that is receiving internet and video data.

37.  (New) The method of claim 33, wherein the method is performed by a customer

premises equipment that is receiving internet and video data.
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REMARKS/ARGUMENTS
By this amendment, claims 1-17 are canceled without prejudice or disclaimer and new
claims 18-37 have been added.

Applicant requests examination on the merits,

Applicant believes that the pending claims are in condition for allowance and such
disposition is respectfully requested. In the event that a telephone conversation would further
prosecution and/or expedite allowance, the Examiner is invited to contact the undersigned.

The Commissioner is hereby authorized to charge to Deposit Account No. 19-1970 any
fees under 37 C.F.R. §§ 1.16 and 1.17 that may be required by this paper and to credit any
overpayment to that Account. If any extension of time is required in connection with the filing

of this paper and has not been separately requested, such extension is hereby Petitioned.

Respectfully submitted,

SHERIDAN ROSS P.C.

By: //

__—Tason H. Vick
= Registration No. 45,285
1560 Broadway, Suite 1200
Denver, Colorado 80202-5141
Date:__ a| 4, /2 (303) 863-9700
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6c4b
Multipart Description/PDF files in .zip description
Document Description Start End
Preliminary Amendment 1 1
Claims 2 5
Applicant Arguments/Remarks Made in an Amendment 6 6
Warnings:
Information:
30797
2 Fee Worksheet (SB06) fee-info.pdf no 2
872d1769f8a590e5f1c6abb7aec9916dacs 7|
Warnings:
Information:
Total Files Size (in bytes):i 466286

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

New Applications Under 35 U.S.C. 111

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

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

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

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/SB/06 (09-11)

Approved for use through 1/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD
Substitute for Form PTO-875

Application or Docket Number

13/887,889

Filing Date
05/06/2013 | [ To be Mailed

eNTITY: [X] LARGE [] smALL []MICRO

APPLICATION AS FILED — PART |

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
L1 asic Fee N/A N/A N/A
(37 CFR 1.16(a), (b), or (¢))
|:] SEARCH FEE N/A N/A N/A
(37 CFR 1.16(K), (i), or (m))
|
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (q)) N/A N/A A
TOTAL CLAIMS . N
(37 CFR 1.16(i)) minus 20 = X $ =
INDEPENDENT CLAIMS : N
(37 CFR 1.16(h)) minus 3 = X $ =
If the specification and drawings exceed 100 sheets
0 of paper, the application size fee due is $310 ($155
A;%,_lgﬁﬂ'?';‘ SIZE FEE for small entity) for each additional 50 sheets or
( 18(5)) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16())
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
— 08/21/2013 | Arer PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
S | [gaerern =20 Minus | - 20 -0 x $80 = 0
5 5
z | ey 1-4 minus | 3 _ 1 % 5420 420
<§( l:l Application Size Fee (37 CFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 CFR 1.16()))
TOTAL ADD’L FEE 420
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
— AMENDMENT PAID FOR
Z | Total (37 cFR . *x
& me(\))( Minus - X $ =
Independent B i .
= Minus - xs -
Z D Application Si
] pplication Size Fee (37 CFR 1.16(s))
=
<C |:| FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 CFR 1.16()))

* |f the entry in column 1 is less than the entry in column 2, write “0” in column 3.
** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.

TOTAL ADD’L FEE
LIE

/TERRANCE LAWRENCE/

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

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

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

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

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

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

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Substitute for form 1449A/PTO

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

Complete if Known

IApplication Number 13/887,889

Filing Date May 6, 2013

First Named Inventor John A. Greszczuk
Art Unit 2631

Examiner Name

Sheet [ 1 | of | 1 Attorney Docket Number 6936-28-CON-7
U.S. PATENT DOCUMENTS
Examiner | Cite | Document Number Publication Date Name of Patentee of Pages, Columns, Lines, Where
Initials* No.! | Number-kind Code 2@ kv MM-DD-YYYY Applicant of Cited Document | Relevant Passages or Relevant
Figures Appear
UNPUBLISHED U.S. PATENT DOCUMENTS
E)faminer Cite1 Document Number ) Filing Date Name of Applicant Pages, Columns, Lines, Where
Initials No. Number-kind Code 2 ko MM-DD-YYYY of Cited Document Relevan,t: i’;i?::?l\e:ng Felevant
FOREIGN PATENT DOCUMENTS

Examiner Cite | Foreign Patent Document Publication Date|[Name of Patentee or Pages, Columns, T°
Initials* No.' MM-DD-YYYY |Applicant of Cited Lines, Where

Country Code®; Number*; Kind Document Relevant

Code® (if known) Passages or

Relevant Figures
Appear
OTHER ART (Including Author, Title, Date, Pertinent Pages, etc.)
Examiner Cite
Initials* No.!
1 [Official Action for European Patent Application No. 10011996.5, dated May 29, 2013 (Attorney
Ref. No. 6936-28-PEP-3-DIV-1)
2 |Communication under Rule 71(3) EPC, dated July 5, 2013 granting European Patent Application

No. 10012013.8 (Attorney Ref. No. 6936-28-PEP-3-DIV-2)
Examiner Date
Signature Considered

*EXAMINER: Initial if reference is considered, whether or not citation is in conformance and not considered. Include copy of this
form with next communication to applicant.
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Electronic Acknowledgement Receipt

EFS ID: 16504572

Application Number: 13887889

International Application Number:

Confirmation Number: 8684

MULTICARRIER TRANSMISSION SYSTEM WITH LOW POWER SLEEP MODE AND

Title of Invention: RAPID-ON CAPABILITY

First Named Inventor/Applicant Name: John A. Greszczuk
Customer Number: 62574
Filer: Jason Vick/Joanne Vos
Filer Authorized By: Jason Vick
Attorney Docket Number: 6936-28-CON-7
Receipt Date: 05-AUG-2013
Filing Date: 06-MAY-2013
Time Stamp: 17:34:50
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)
359449
1 IDS_02.pdf yes 4
b01c18f4f49c098351048d4 c7bdc5e8992e9
<9dc
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Multipart Description/PDF files in .zip description
Document Description Start End
Transmittal Letter 1 3
Information Disclosure Statement (IDS) Form (SB08) 4 4
Warnings:
Information:
6936-28-PEP-3- 488375
2 Non Patent Literature DIV-2_Intent_to_Grant_07-05-2 no 7
013.pdf a5a91a03854e25adba’l 30869999266d216
2ab4c

Warnings:

Information:

6936-28-PEP-3 101892
3 Non Patent Literature DIV-1_OA_05-29-2013,pdf no 4

05ba6189305ea6bff5bb58f78cate24efe7 |
7c8

Warnings:

Information:

Total Files Size (in bytes):l 949716

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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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: ) Group Art Unit: 2631

John A. Greszczuk ; Confirmation No.: 8684
Serial No.: 13/887,889 )  Examiner:
Filed: May 6, 2013 %

. SUPPLEMENTAL

Atty. File No.: 6936-28-CON-7 ; INFORMATION DISCLOSURE
Entitled: “MULTICARRIER TRANSMISSION ) STATEMENT
SYSTEM WITH LOW POWER SLEEP MODE )

AND RAPID-ON CAPABILITY” Electronically Submitted

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

Dear Sir:

The references cited on attached Form PTO-1449 are being called to the attention
of the Examiner.,
X Copies of the cited non-patent and/or foreign references are enclosed herewith.
L] Copies of the cited U.S. patents and/or patent applications are enclosed herewith,
] Copies of the cited U.S. patents/unpublished patent applications/patent application
publications are not enclosed in accordance with 37 C.F.R. § 1.98(a).
] Copies of the cited references are not enclosed, in accordance with 37 C.F.R.
§ 1.98(d), because the references were cited by or submitted to the U.S. Patent and
Trademark Office in prior application Serial No. filed ,

which is relied upon for an earlier filing date under 35 U.S.C. § 120,
] To the best of applicants’ belief, the pertinence of the foreign-language references
are believed to be summarized in the attached English translation/abstracts and/or in the
figures, although applicants do not necessarily vouch for the accuracy of the translation.
] Examiner’s attention is drawn to the following related applications:

e Serial No. filed (Attorney Ref. No. )

[ ]  Other:
Submission of the above information is not intended as an admission that any item

is citable under the statutes or rules to support a rejection, that any item disclosed
represents analogous art, or that those skilled in the art would refer to or recognize the
pertinence of any reference without the benefit of hindsight, nor should an inference be
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drawn as to the pertinence of the references based on the order in which they are presented.
Submission of this statement should not be taken as an indication that a search has been
conducted, or that no better art exists,

It is respectfully requested that the cited information be expressly considered

during the prosecution of this application and the references made of record therein.

FEES

}V{ 37 CFR 1.97(b): No fee is believed due in connection with this submission, because the information disclosure statement
submitted herewith is satisfied by one of the following conditions (“X” indicates satisfaction):

Within three months of the filing date of a national application other than a continued prosecution
application under 37 CFR 1.53(d), or

D Within three months of the date of entry into the national stage of an international application as set
forth in 37 CFR 1.491 or

@ Before the mailing date of a first Office Action on the merits, or

l__—] Before the mailing of a first Office action after the filing of a request for continued examination under
37CFR 1114,

Although no fee is believed due, if any fee is deemed due in connection with this submission, please charge such fee to

Deposit Account 19-1970.

D 37 CFR 1.97(c): The information disclosure statement transmitted herewith is being filed after all the above conditions (37
CFR 1.97(b)), but before the mailing date of one of the following conditions:
(1) a final action under 37 C.F.R. 1.113 or
(2) a notice of allowance under 37 CF.R. 1.311, or
(3) an action that otherwise closes prosecution in the application.
This Information Disclosure Statement is accompanied by:

A Certification (below) as specified by 37 C.F.R. 1.97(¢). Although no fee is believed due, if any fee is deemed
due in connection with this submission, please charge such fee to Deposit Account 19-1970.
OR

D Please charge Deposit Account 19-1970 in the amount of $180.00 for the fee set forth in 37 C.F.R. 1.17(p) for
submission of an information disclosure statement. Please credit any overpayment or charge any underpayment to Deposit
Account 19-1970,

D 37 CFR 1.97(d): This Information Disclosure Statement is being submitted after the period specified in 37 CFR 1.97(c).

This information Disclosure Statement includes a Certification (below) as specified by 37 C.F.R. 1.97(¢)
AND

I:l Applicants hereby requests consideration of the reference(s) disclosed herein. Please charge Deposit Account
19-1970 in the amount of $180.00 under 37 C.F.R. 1.17(p). Please credit any overpayment or charge any underpayment to
Deposit Account 19-1970. Election to pay the fee should not be taken as an indication that applicant(s) cannot execute a
certification.
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Certification (37 C.F.R. 1.97(e))
(Applicable only if checked)

] The undersigned certifies that:
[] Each item of information contained in this information disclosure statement was
first cited in any communication from a foreign patent office in a counterpart foreign
application not more than three months prior to the filing of this statement, 37 C.F.R.
1.97(e)(1).
[] A copy of the communication from the foreign patent office is enclosed.

OR

] No item of information contained in this information disclosure statement was
cited in a communication from a foreign patent office in a counterpart foreign
application, and, to the knowledge of the undersigned after making reasonable
inquiry, no item of information contained in this Information Disclosure Statement
was known to any individual designated in 37 C.F.R. 1.56(c) more than three months
prior to the filing of this statement. 37 C.F.R. 1.97(e)(2).

Respectfully submitted,

SHERIDAN ROSS P.C.

By: /
/mn/ﬁ Vick
Registration No. 45,285

1560 Broadway, Suite 1200
Denver, Colorado 80202-5141

Date: fﬁ»}. /2> (303) 863-9700
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: John A. Greszczuk. ) ‘Group Art Unit: 2631

)
Application No.: 13/887,889 g Examiner:
Filed: May 6, 2013 g Confirmation No.: 8684
Atty. File No.: 6936-28-CON-7 g

For:  MULTICARRIER TRANSMISSION SYSTEM WITH LOW POWER SLEEP MODE
AND RAPID-ON CAPABILITY

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

SUBMISSION OF DECLARATION

Dear Madam:

e . ‘ .

The Informational Notice ltob Applicant dated June 13, 2013 required an executed
Declaration to be submitted at any time before the issuance of the Notice of Allowance. In
response to the Notice, submitted herewith is a fully executed Declaration.

Applicants believe no further fees or petitions are required. | However, if any such
petitions or fees are necessary, please consider this a request therefore and authorization to
charge Deposit Account No. 19-1970 accordingly. Any deﬁciency or overpayment may also be
applied to Deposit Account No. 19-1970.

Respectfully submitted,

SHERIDAN ROSS P.C.

Registration No. 45,285

1560 Broadway, Suite 1200

Denver, Colorado 80202-5141
Date:__;y sl 7z (303) 863-9700 - '

/ Jason H. Vick

1 &

(A
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PTO/AIA/O1 (06-12)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of | MULTICARRIER TRANSMISSION SYSTEM WITH LOW POWER SLEEP MODE AND
Invention | RAPID-ON CAPABILITY

As the below named inventor, | hereby declare that:

This declaration I
is directed to: li] The attached application, or

D United States application or PCT international application number

filed on

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

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. [f this type of personal information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

invéntor: John A. Greszczuk < Date (Optional) : %/Z{,M?

Signature: W/ @é&/

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or must have
been previously filed. Use an additional PTO/AIA/01 form for each additional inventor.

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file (and
by the USPTO to process) an application. Confidentiality Is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 minute 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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PTO/AIAI01 (06-12)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of | MULTICARRIER TRANSMISSION SYSTEM WITH LOW POWER SLEEP MODE AND
Invention | RAPID-ON CAPABILITY

As the below named inventor, | hereby declare that:

This declaration

is direcied to- The attached application, or

D United States application or PCT international application number

filed on

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

I believe that | am the original inventog’ 01; an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or cradit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Richard W. Gross Date (Optional) :

Inventer:

i

Signature: Aiuld = /ﬁx‘

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or must have
been previously filed. Use an additional PTO/AIA/G1 form for each additional inventor.

This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file (and
by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 minute 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, cail 1-800-PT0-9199 and select option 2.
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Doc code: Oath

Document Description: Oath or declaration filed
PTQ/AINOZ2 (06-12)
Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

SUBSTITUTE STATEMENT IN LIEU OF AN OATH OR DECLARATION FOR UTILITY
OR DESIGN PATENT APPLICATION (35 U.S.C. 115(d) AND 37 CFR 1.64)

Title of [MULTICARRIER TRANSMISSION SYSTEM WITH LOW POWER SLEEP MODE AND
Invention [RAPID-ON CAPABILITY

This statement is directed to:

D The attached application,
OR

13/887,889 , _May 6, 2013

@United States application or PCT international application number

LEGAL NAME of inventor to whom this substitute statement applies:

(E.g., Given Name (first and middle (if any)) and Family Name or Surname)

Halil Padir

Residence (except for a deceased or legally incapacitated inventor):

Lexington MA US

City State Country

Mailing Address (except for a deceased or legally incapacitated inventor):

26B Parker Street

UsS

State

o, LeXington MA L, 02421

Country

| believe the above-named inventor or joint inventor to be the original inventor or an original joint inventor of a claimed invention
in the application.

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

I hereby acknowledge that any willful false statement made in this statement is punishable under 18 U.S.C. 1001 by fine or
imprisonment of not more than five (5) years, or both.

Relationship to the inventor to whom this substitute statement applies:

[:] Legal Representative (for deceased or legally incapacitated inventor only),
@ Assignee,
D Person to whom the inventor is under an obligation to assign,

D Person who otherwise shows a sufficient proprietary interest in the matter (petition under 37 CFR 1.46 is required), or
D Joint Inventor.

[Page 1 of 2]
This collection of information is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is fo file (and
by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 minute to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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PTO/SB/AIADZ (06-12)
Approved for use through 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information uniess it displays a valid OMB control number.

SUBSTITUTE STATEMENT

Circumstances permitting execution of this substitute statement:

D Inventor is deceased,

D Inventor is under legal incapacity,

I_.—J Inventor cannot be found or reached after diligent effort, or

D Inventor has refused to execute the oath or declaration under 37 CFR 1.63.
If there are joint inventors, please check the appropriate box below:
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further processing delays.
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All
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page 1 of 1

CSCO-1002, Part 1
Page 107 of 591



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: John A. Greszczuk g Group Art Unit:

Application No.: Not yet assigned g Examiner:

Filed: Herewith ) Confirmation No.:

)

Atty. File No.: 6936-28-CON-7 ;

For: MULTICARRIER TRANSMISSION SYSTEM WITH LOW POWER SLEEP MODE
AND RAPID-ON CAPABILITY

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

PRELIMINARY AMENDMENT

Dear Sir:

Prior to the initial review of the above-identified patent application by the Examiner,
please enter the following Preliminary Amendment. Although Applicants do not believe that any
fees are due based upon the filing of this Preliminary Amendment, please charge any such fees to
Deposit Account 19-1970. ‘

Please amend the above-identified patent application as follows:

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

Amendments to the Claims are shown in the listing of claims which begin on page 3 of
this paper. '

Remarks begin on page 5 of this paper.

1 Attorney Docket No.: 6936-28-CON-7
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AMENDMENTS TO THE SPECIFICATION

Attached hereto is a substitute specification including a clean copy and a marked-up

copy thereof. No new matter is believed to have been added therein,

2 Attorney Docket No.: 6936-28-CON-7
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Amendments to the Claims:

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

Listing of Claims:

1. (Original) A multicarrier transceiver having a sleep mode capability, comprising
A. means responsive to a sleep mode command for:
(1) storing selected state parameters characteristic of the communications
channel over which the transceiver is operating; and
(2) reducing power to selected portions of transceiver circuitry;
and
B. means responsive to a wake-up command for:
(1) restoring power to said transceiver;
(2) restoring the state of said transceiver from said sleep mode by means
of said stored parameters; and
C. means for maintaining a common, synchronized data frame count between said
transceiver and a remote transceiver with which it communicates, to thereby facilitate

restoration of communication without reinitialization of said transceiver.

2. (Original) A multicarrier transceiver according to claim 1 in which said state parameters
include one or more parameters selected from the group comprising frequency-domain
equalizer coefficients, time-domain equalizer coefficients, echo canceller coefficients, bit

allocations, coding parameters, fine gains, and subchannel gains.

3. (Original) A multicarrier transceiver according to claim 1 in which the means for
maintaining said frame count comprises a signal defining a timing reference during at

least the time when said first transceiver is in sleep mode.
4, (Original) A multicarrier transceiver according to claim 3 in which said signal comprises

a pilot tone transmitted from one transceiver to another with which it is in

communication.

3 Atiorney Docket No.: 6936-28-CON-7
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5. (Original) A multicarrier transceiver according to claim 4 in which said pilot tone is
transmitted between said transceivers during both normal operation and reduced power

operation.

0. (Original) A multicarrier transceiver according to claim 1 in which maintaining
synchronization includes maintaining synchronization of frame counters between said

transceivers.

7. (Original) A multi carrier transceiver according to claim 6 in which maintaining
synchronization further includes maintaining synchronization of the phase of a

synchronizing signal transmitted between said transceivers,

8. (Original) A multicarrier transceiver according to claim 1 including means to transmit an

idle symbol to said remote transceiver when said transceiver is in sleep mode.

9. (Original) A multicarrier transceiver according to claim 1 including means to transmit to
said remote transceiver a short test signal on awaking from sleep mode in order to
determine whether transmission conditions have changed sufficiently during sleep mode

to require reinitialization of said transceiver on emerging from sleep mode.

10-17. (Cancelled)

4 Attorney Docket No.: 6936-28-CON-7
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REMARKS/ARGUMENTS

By this amendment, claims 10-17 are canceled without prejudice or disclaimer.

Applicant requests examination on the merits.

Applicant believes that the pending claims are in condition for allowance and such
disposition is respectfully requested. In the event that a telephone conversation would further
prosecution and/or expedite allowance, the Examiner is invited to contact the undersigned.

The Commissioner is hereby authorized to charge to Deposit Account No. 19-1970 any
fees under 37 C.F.R. §§ 1.16 and 1.17 that may be required by this paper and to credit any
overpayment to that Account. If any extension of time is required in connection with the filing

of this paper and has not been separately requested, such extension is hereby Petitioned.

Respectfully submitted,

SHERIDAN ROSS P.C.

_JasonH-Vick
__———Registration No. 45,285

= 1560 Broadway, Suite 1200
Denver, Colorado 80202-5141
Date: Mg 72 (303) 863-9700
5 Attorney Docket No.: 6936-28-CON-7
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MULTICARRIER TRANSMISSION SYSTEM WITH LOW POWER SLEEP MODE AND
RAPID-ON CAPABILITY

BACKGROUND OF THE INVENTION
The invention relates to multicarrier transmission systems, and comprises method and

apparatus for establishing a power management sleep state in a multicarrier system.

SUMMARY OF THE INVENTION

This application is based on United States Provisional Application Sere No. ***, filed
January 26, 1998 by John Greszczuck. Rick Gross and Halil Padir and claims the benefit
thereof.

Multicarrier transmission systems provide high speed data links between communication
points. Such systems have recently been introduced for communications over the local
subscriber loop that connects a telephone service subscriber to a central telephone office; in this
important application they are commonly referred to as “xDSL” systems, where the “x” specifies
a particular variant of DSL (digital subscriber loop) communications, e.g., ADSL (asynchronous
digital subscriber loop), HDSL (High-Speed Digital Subscriber Loop), etc. These will be
referred to generically herein simply as “DSL” systems.

In such systems, a pair of transceivers communicate with other by dividing the overall
bandwidth of the channel interconnecting the subscriber and the central office into a large
number of separate subchannels, each of limited bandwidth, operating in parallel with each other.
For example, one common system divides thee subscriber line channel into two hundred and
fifty six subchannels, ecach of 4.3 kilohertz bandwidth. A first group of these (e.g., one hundred
ninety six) is allocated to communications from the central office to the subscriber (this is known
as the “downstream” direction); a second group (e.g., thirty-two) is allocated to communications
from the subscriber to the central office (this is known as the “upstream” direction). The
remaining subchannels are allocated to administrative, overhead and control (AOC) functions.

Data to be communicated over the link is divided into groups of bits, one group for each

subchannel. The group of bits allocated to a given subchannel is modulated onto a carrier whose
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frequency is specific to that channel. Typically, quadrature amplitude modulation (QAM) is
used for this purpose, and the group of bits is mapped into a vector defined by one of the points
of a “constellation” which specifies the allowable data points for transmission over that
subchannel at a particular time. Each vector or data point thus comprises a unique symbol
representing a specific bit configuration for transmission as a group over its associated
subchannel. During the time period allocated for transmission of a symbol (commonly referred
to as a “symbol period” or “frame”), each subchannel transmits its symbol in parallel with all
other subchannels so that large amounts of data can be transmitted during each frame.

The number of bits carried by a symbol is dependent on the characteristics of the
subchannel over which it is to be transmitted. This may vary from one subchannel to another.
The principal determinant is the signal-to-noise ratio oft he subchannel. Accordingly, this
parameter is measured from time to time in order to ascertain its value for each subchannel, and
thus determine the number of bits to be transmitted on the particular subchannel at a given time.

The telephone channel is subject to a number of impairments which must be compensated
for in order to ensure reliable transmission. Phase (delay) distortion of the transmitted signal is
typically the most limiting of these impairments. This distortion is frequency-dependent, and
thus components of a signal at different frequencies are shifted by varying amounts, thereby
distorting the signal and increasing the likelihood of erroneous detection unless provision is
made to combat it. To this end, frequency domain equalizers (FDQ) and time domain equalizers
(TDQ) are commonly incorporated into the transmission channel in order to equalize the phase
(time) delay across the channel frequency band. Other impairments also exist. For example,
frequency-dependent signal attenuation adversely affects signal transmission on the telephone
line. This is compensated by the use of gain equalizers on the line, while echo on the line is
handled by the use of echo cancellers.

The problem of signal impairment is especially serious in those XDSL configurations
which carry the DSL communications on a common line with ordinary voice communications
but which omit the use of a “splitter” at either the subscriber premises the central office or both.
A “splitter” is basically a filter which separates the low-frequency voice communications (e.g.,
from zero to four kilohertz) from the higher frequency data communications (which may extend

up into the megahertz band) and provides a strong degree of isolation between the two. In the
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absence of a splitter, unique provisions must be made to accommodate voice and data
communications on the same line. For a more detailed description of the problem and its
solution, see the co-pending application of Richard Gross et al. entitled “Splitterless Multicarrier
Modem?”, Serial No. PCT/US98 21442, filed October 9, 1998, and assigned to the assignee of the
present invention, the disclosure of which is incorporated herein by reference.

Because of their extensive use in Internet communications as well as in other
applications, DSL transceivers are commonly maintained in the “on” state, ready to transmit or
receive once they have been installed and initialized. Thus, such modems consume a significant
amount of power, even when they are not actively transmitting or receiving data. It is generally
desirable to limit this power consumption, both for environmental reasons as well as to prolong
the life of the equipment. Further, such modems may be implemented or incorporated in part or
in whole in computer equipment such as in personal computers for home and business use, and
such computers increasingly incorporate power conservation procedures. See, for example, U.S.
Patent No. 5,428,790, “Computer Power Management System”, issued June 27, 1995 on the
application of L. D. Harper. Thus, it is desirable to provide an ADSL modem which can
accommodate power conservation procedures in equipment with which it is associated, as well as
independently of such equipment as may be appropriate.

Because of the complexity of DSL transceivers, and the conditions under which they
must operate, it is necessary to initialize them prior to the transmission and reception of data.
This initialization includes, inter alia, channel corrections such as “training” the frequency-
domain and time-domain equalizers and the echo cancellers; setting the channel gains;
negotiating the transmission and reception data rates; adjusting the fine gains on the subchannels
over which communication is to take place; setting the coding parameters; and the like.
Additionally, it includes measuring the signal-to-noise ratio of each of the subchannels,
calculating the bit-allocation tables characteristic of each under given conditions of transmission,
and exchanging these tables with other modems with a given modem communicates. For more
detailed discussion of these procedures, refer to the application of Richard Gross et al., cited
above and incorporated herein by reference. These procedures can require from seconds to tens
of seconds. In a new installation, the time required is inconsequential. However, in an already-

operating installation, the time required to initialize or re-initialize the system after a suspension
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of operation in connection with power conservation is generally unacceptable, since it is
typically desired to have the modem respond to request for service nearly instantaneously.

Accordingly, it is an object of the invention to provide a multicarrier transmission system
having a low power sleep mode and a rapid-on capability.

Further, it is an object of the invention to provide a multicarrier transmission system for
use in digital subscriber line communications that can rapidly switch from a sleep mode to a full-
on condition.

Still another object of the invention is to provide a DSL system that can readily be
integrated into a computer having a low power sleep mode and which is capable of rapid return
to full operation.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention description below refers to the accompanying drawings, of which:

Figure 1 is a block and line diagram of a multicarrier transmission system in accordance
with a preferred embodiment of the present invention;

Figure 1A is a portion of an exemplary chart showing a possible bit distribution among
subchannels;

Figure 1B illustrates a timing signal used in accordance with the invention;

Figure 2 is a flow diagram of the operation of the present invention; and

Figure 3 is a block and line diagram of still another aspect of the present invention.

DETAILED DESCRIPTION OF AN ILLUSTRATIVE EMBODIMENT

For purposes of explanation, the present invention will be described in the context of an
ADSL system having a first transceiver located at the site of a customer’s premises (referred to
hereinafter as the “CPE transceiver”) and a second transceiver located at a local central telephone
office (hereinafter referred to as the “CO transceiver”). The two are interconnected for
communication by means of a common telephone line over which voice and data are to be
transmitted, and the CO transceiver is commonly connected into a broader network such as the

Internet to and from which data is to be communicated. The system will be described as using
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Fourier transform technology for modulation and demodulation of the data to be transmitted. It
will be understood, however, that the invention is not limited to this environment, and is
applicable to point-to-point communications is other environments, and with other forms of
modulation/demodulation. Further, since the CPE transceiver and CO transceiver are very
similar, the invention will be explained in connection with a detailed illustration of the CPE
transceiver only.

In Figure 1, a DSL transceiver 10 in accordance with the present invention has a
transmitter section 12 for transmitting data over a digital subscriber line 14 and a receiver section
16 for receiving data from the line. The transmitter section 12 is formed from an input buffer
and converter (IBC) 18 that receives a serial string of data (e.g., binary digits) b; to be
transmitted and converts the data into a plurality of pairs of complex-valued symbols X; and their
conjugates Xn; = X i, i=0, 1, ....N. Typically, the buffer 18 holds at least a frame of data (a
frame comprising the amount of data to be transmitted during one symbol period). The pairs of
symbols X; and X; are applied to an Inverse Fast Fourier Transform (IFFT) 20 to provide real
time output signals Xj, j =0, 1, .....N/2 -1. The latter in turn are converted to serial form in a
parallel-to-serial convener (PSC) 22 and then applied to a digital-to-analog converter (DAC) 24
for application to a line driver 26. The converter 24 may apply a cyclic prefix to the signals X to
combat intersymbol interference caused by the transmission medium. The driver 26 may
incorporate a gain control section (GC) 26a for controlling the signal amplitude (and thus power)
as it is applied to a communication channel such as the digital subscriber line 14.

IFFT 20 may be viewed as a data modulator. The symbols X , and their conjugates X,
correspond to data points defining signal vectors in a quadrature amplitude modulation (QAM)
constellation set. The converter 18 forms the respective symbols from the input data with the aid
of a bit allocation table (BAT) 28 which specifies, for each subchannel, the number of bits to be
carried by the symbol transmitted over that subchannel, and thus defines the data point to be
associated with the symbol. This table is typically calculated at the transceiver and is transmitted
to other transceivers with which the instant transceiver communicates, to thereby enable them to
decode the symbols received by them from the instant transceiver.

The number of bits which each symbol carries is determined by the characteristics of the

subchannel over which the symbol is to be transmitted, and particularly by the signal-to-noise
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ratio of the subcbannel. Procedures for this calculation are known. Figure 1A shows an example
of such a table as formed and stored at transceiver 10. Thus, the symbol to be transmitted over
subchannel 50 may be determined to have an allocation of six bits; that of subchannel 51, six
bits; that of subchannel 52, seven bits, etc.

A Clock 30 controls the timing of the operation of the transmitter 12. It supplies input to
a Controller 32 which controls the individual units of the transmitter. In the case of the CO
transceiver, the clock 30 typically is a master clock to which a remote transceiver, such as at a
subscriber premises, will be synchronized. In the case of a transceiver at the subscriber
premises, such as is shown here for purposes of illustration, the clock is derived from the master
clock at the central office as described more fully below in connection with the receiver portion
of the transceiver.

A Frame Counter (FC) 24 connected to the controller 32 maintains a count of the number
of frames of data transmitted from or received by the transceiver 10. The clock 30 maintains the
count in counter 34 synchronous with that of a corresponding counter (not shown) in the CO
transceiver. In DSL systems, typically, data is communicated in the form of a sequence of data
frames (e.g., sixty-eight frames for ADSL as specified in ITU Document G.992.2), followed by a
synchronization frame, each frame having a duration of one symbol period of approximately
two hundred and fifty microseconds. Together, the sixty-nine frames comprise a “superframe”.
Thus, the counter 34 typically maintains a count modulo sixty-nine. Finally, a State Memory
(SM) 36 connected to the controller 32 records the state of the transceiver for reasons discussed
more fully below.

Turning now to the receiver section 16, it is formed from a line conditioner 50; an
analog-to-digital converter (ADC) 52; a serial-to-parallel converter 54; a Fast Fourier Transform
(FFT) section 56; a decoder 58; and a parallel-to-serial converter 60. The conditioner 50
compensates for transmission distortions introduced by the line 14, and commonly includes a
frequency-domain equalizer (FDQ) 50a; a time-domain equalizer (TDQ) 50b; and an echo
canceller (EC) 50c, among other elements. The ADC 52 converts the received signal to digital
form and applies it to the serial-to-parallel converter 54. The converter 54 removes any cyclic
prefix that may have been appended to the signal before it was transmitted, and applies the

resultant signal to the FFT 56 which effectively “demodulates” the received signal. The output
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of the FFT is applied to decoder 58 which, in conjunction with a bit-allocation-table 62, recovers
the symbols X; and X; and the bits associated with them. The output of detector 58 is applied to
the parallel-to-serial converter 60 which restores the data stream, b;, that was originally applied
to the transmitter. The controller 32 also controls the operation of the receiver portion 16 of the
transceiver 10.

During normal (non-sleep mode) operation, a phase-lock loop (PLL) 62 receives from the
FFT 56 a timing reference signal 62a (see Figure 1A) via a line 62b. The timing reference signal
62a is transmitted from the transmitter with which the receiver 16 communicates (e.g., the CO
transmitter). This signal is advantageously a pure tone of fixed frequency and phase which is
synchronized with the Master Clock in the transmitter; its frequency defines the frame rate of the
transceivers. Other forms of timing signal may, of course, be used, but use of a pure tone has the
advantage of simplicity and reliability even when portions of the transceiver are powered down
in accordance with the invention. The PLL 62 locks itself to this signal and drives clock 30 in
synchronism with the Master Clock in the driving transmitter. This also synchronizes frame
counter 34 of the CPE transceiver to the corresponding frame counter of the CO transceiver.
Control of the receiver section is provided by the controller 32.

In the sleep mode, the FFT 56 is preferably dormant. Accordingly, the timing reference
signal for PLL 62 is provided from the output of the analog to digital convener 52 via a detector
64 which extracts the timing signal from the signal appearing on line 14 during sleep mode, by
calculating the DFT of the synchronizing pilot tone. Controller 32 controls the switching of the
input to PLL 62 between these two sources so that the PLL remains locked to the CO transceiver
timing reference.

As noted earlier, the transceiver of the present invention will commonly be incorporated
in a computer such as a personal computer; indeed, it may be implemented as an integral part of
such a computer, which may have a power conservation capability for activation when the
computer is not in active operation. It is thus desirable that the transceiver be able to suspend
operations and enter a “sleep” mode in which it consumes reduced power when it is not needed
for data transmission or reception, but nonetheless be able to resume transmission or reception

almost instantancously, e.g., within a few frames.
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Further, when the ADSL transceiver is implemented as an integral part of a computer, it
may often be the case that the processing power of the computer is, at a given moment, devoted
to another task such as graphics, word processing, and the like, and is thus unable to service the
transceiver. In such circumstances, it is possible that a frame that is assembled for transmission
to the CO transceiver, and thence to some network connected to it, is incomplete, and thus would
generate errors if transmitted. Accordingly, the transceiver of the present invention is responsive
to such conditions by entering an “idle” state in which it ceases active transmission of data while
the computer is elsewhere occupied. This state is similar in many ways to the sleep mode state
although, of course, its purpose is not power conservation, and thus in the idle state the power to
selected portions of the transceiver may, but need not, be reduced. The idle state maintains
synchronous signaling between the CPE and CO transceivers but no data is transmitted. On
receipt of the idle indicator from the CPE, the CO transceiver transmits idle cells to the network
to maintain connection with the network.

Referring now more particularly to Figure 2, the power down operation of the CPE
transceiver begins on receipt of a power down indication (step 80) by the CPE transceiver
controller 32. The power down indication may be applied to the controller 32 from an external
source such as a personal computer in which the transceiver is included; it may be generated
within the transceiver itself as a result of monitoring the input buffer 18 and determining that no
data has been applied to it for a given time interval or that the buffer has not been filled despite
passage of a symbol time; it may be responsive to a power down command from the CO
transceiver; or it may be generated in response to other conditions.

Considering for the moment the first two cases, the CPE transceiver responds to the
indication by transmitting to the CO transceiver an “Intend To Enter Sleep Mode” notification
(step 82). This notification indicates that the transceiver is about to undergo a change of state,
and may take any of a variety of forms; preferably it is a message, but may also comprise a tone,
an inverted sync signal, a flag, or even the cessation of data transmission itself. The notification
may advantageously be transmitted over one of the embedded operations channels of the system.
It provides the CO transceiver an opportunity to prepare itself to enter sleep mode, and also to
signal the CPE transceiver if entrance into sleep mode is not appropriate or desirable at the

particular moment.
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If entrance into sleep mode is permissible at this time; the CO transceiver responds to the
power down or idle signal by transmitting an “Acknowledge Sleep Mode” notification (step 84)
to the CPE transceiver. This and subsequent notifications described in connection with the sleep
or idle mode may similarly take any of a variety of forms such as described above for the “Intend
To Enter Sleep Mode” notification, but again preferably is in the form of a message transmitted
over an embedded operations channel.

After it has received acknowledgment from the CO transceiver, the CPE transceiver
transmits an “Entering Sleep Mode” notification (step 86) to the CO transceiver and ceases
transmission, either immediately or after a given number of frames. The CO transceiver detects
this notification; transmits its own “Entering Sleep Mode” notification (step 88); and enters sleep
mode (step 90). In pursuance of this, the CO transceiver stores its state in its own state memory
corresponding to the state memory 38 of CPE transceiver 10. The state of the CO or CPE
transceivers preferably includes at least the frequency and time-domain equalizer coefficients
(FDQ; TDQ) and the echo-canceller coefficients (ECC) of its receiver portion and the gain of its
transmitter portion; the transmission and reception data rates; the transmission and reception
coding parameters; the-transmission fine gains; and the Bit Allocation Tables. The CO
transceiver continues to advance the frame count and superframe count during the period of
power-down in order to ensure synchrony with the remote CPE transceiver when
communications are resumed. In order to maintain synchronization during the power down or
idle state, the CO transceiver continues to transmit to the CPE transceiver the synchronizing pilot
tone 62a. It may, at this time, perform its own power reduction. In particular, it may reduce or
cut off power to the digital modulator/demodulator portions of its transmitter and receiver
sections (corresponding to the IFFT 20 and FFT 56 of the CPE transceiver, Fig. 1); this provides
a significant power reduction. Further, it may reduce power to parts of the analog circuitry.
Power will be maintained, of course, to at least that portion of the analog driver circuitry which
transmits the pilot tone and other control signals to the CPE transceiver, and to line circuits
required to monitor the line 14 for signals from the CPE transceiver.

In a central office, the rest of the equipment is still operating, and while the link between

the CO transceiver and the CPE transceiver is in a sleep state, user data provided by the CO
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transceiver will be benign idle data such as ATM Idle-Cells or HDLC Flag octets, and not
generate false data errors to other equipment.

In response to the “Entering Sleep Mode” notification from the CO transceiver, the CPE
transceiver enters the sleep mode (step 92). In particular, it stores its state (step 94) in state
memory 38; as noted above in connection with the CO transceiver, this includes preferably at
least the frequency and time-domain equalizer coefficients (FDQ; TDQ) and the echo-canceller
cocfficients (ECC) of its receiver and the gain of its transmitter; the transmission and reception
data rates; the transmission and reception coding parameters; the transmission fine gains; and the
Bit Allocation Tables. The phase and frequency offset of the phase-locked loop 62 is maintained
by continued operation of the loop. The CPE transceiver 10 then reduces power to the digital
modulator/demodulator circuitry comprising IFFT 20 and FFT 56, as well as to and transmitter
data line drivers 26. However, it continues to advance the frame counter 34 in accordance with
the received synchronizing signal 62a. However, the CPE controller 32 now causes this signal to
be applied to the PLL 62 from the output of the ADC 52 (Fig. 1) via the detector 64, which
implements the DFT of a single tone, instead of directly from the output of the FFT 56 as was
previously the case. This enables the FFT 56 to be powered down. The CPE and CO
transceivers then operate in sleep mode (steps 95 and 97, respectively) until they awaken.

During the sleep mode state, the CO transceiver continues to monitor (step 90) the data
subscriber line 14 for an “Exiting Sleep Mode” signal from the CPE transceiver (step 96). The
CPE transceiver transmits this signal when its controller receives an “Awaken” indication (step
98) from an external source such as a computer in which it is installed or from other sources, or
when its controller detects the presence of new data in the input buffer 18. In response to the
“Awaken” signal, the CPE transceiver retrieves its stored state from the state memory 38;
restores full power to its circuitry; and restores the output of the FFT 56 to the input .of the PLL
62 (step 96). The CO transceiver, on detecting the “Exit Sleep Mode” notification from the CPE
transceiver (step 99), thereupon exits sleep mode by restoring its state and restoring power. On
waking up from sleep mode, the CPE transceiver can begin transmitting immediately or after
only a few frames delay, since it need not repeat the initialization that was earlier required to
establish the requisite parameters (e.g., frequency and time-domain equalizer coefficients (FDQ;

TDQ, echo-canceller coefficients (ECC), transmitter gains; transmission and reception data rates;
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transmission and reception coding parameters; transmission fine gains; and Bit Allocation
Tables) required for reliable communications. The same is true for the CO transceiver.

The present invention enables rapid resumption of transmissions, whether recovering
from a power down or from an enforced idle condition due to temporary unavailability of
processor resources in the case of an embedded transceiver, i.¢., a transceiver implemented
largely software and sharing CPU processing power with the other applications which may from
time to time divert CPU resources from the transceiver. In particular, the transceiver of the
present invention is capable of recovering full data transmission capabilities within a period of a
few frames.

On resuming communication, it may be desirable for the CPE transceiver to transmit
several frames of test (known) data (step 100) before resuming transmission of user data. This
enables the system to verify that system conditions have not changed so significantly as to
require renewed initialization. If the CO transceiver receives these without error, it notifies the
CPE transceiver (step 102) and the latter resumes full user data transmission (step 104 and 106).
Otherwise, reinitialization must be performed (steps 104 and 108) before user data transmission
occurs. A similar procedure may be employed for the transmission by the CO transceiver, and
need not be described in further detail.

It will be understood that the order of certain of the steps described above may be
changed, and that some steps may be omitted or added. For example, instead of initiating sleep
mode at the CPE transceiver as shown in Figure 2, the CO transceiver may initiate sleep mode.
In such a case, the flow of notifications will be as shown in Figure 2, but with the positions of
CO and CPE transceivers reversed. Further, in some cases it may be desirable to omit the
preparatory notifications of steps 82 and 84 and commence entrance into sleep mode as at steps
86 and 88. This will speed entrance into sleep mode, but is more prone to error.

It should also be understood that it is possible, and in various circumstances may be
desirable, to operate in a “partial” sleep mode, in which only part of each transceiver is powered
down. For example, where data transfer is one-way (when, for example, receiving video at the
CPE transceiver from the CO transceiver without any upstream data being sent in return to the
CO), the CO receiver and the CPE transmitter may operate in the sleep mode, while the CO

transmitter and the CPE receiver are operating in full power mode.
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As noted earlier, it is possible to implement major portions of the CPE and CO
transceivers in software. In some applications, a dedicated CPU will be used for this purpose; in
others, the CPU will be shared with other applications. Even when the sleep mode power
conservation procedures described above are not necessary, when the transceivers are
implemented in a shared-CPU environment, it may often be necessary to enter an idle mode that
is similar to the sleep mode described above in order to maintain synchronization between the
transceivers whenever the CPU is unable to service the transceivers. This is accomplished in
accordance with the present invention by providing an Interface Transmission Unit (ITU)
between the CPU and the data subscriber line which generates an idle indicator whenever the
CPU is unavailable for servicing the transceiver which and transmits it to the remote transceiver
to maintain the latter in synchronism with the former.

In particular, referring now to Figure 3, an Interface Transmission Unit (ITU) 200 in
accordance with the present invention is interposed between a CPU 202 and the data subscriber
line 14. nThe unit 200 includes a PCI bus interface 204, a data buffer 206, an analog-to-digital
and digital-to-analog converter 208, a controller 210, an idle indicator generator 212, and an
analog front end 214.

In normal operation, the CPU passes data and control signals to the ITU 200 via the bus
interface unit 204. Data from the CPU that is to be transmitted over the line 14 is stored in the
buffer 206 and passed through the digital-to-analog converter portion of unit 208 for application
to the line 214 through the analog front end. Conversely, data that is received from the line 14 is
passed through the digital-to-analog converter portion of unit 208 to the buffer 206 and thence to
the CPU 202 via the interface 204. The CPU processes the data flowing in the different
directions in the manner illustrated in connection with Figure 1, i.¢., it performs the requisite
IFFT and FFT transforms on the data as appropriate. The idle indicator generator may be
inactive in this state.

When the CPU must divert its resources elsewhere for servicing applications having
higher priority at the moment, the controller 210 activates the idle indicator generator 212 which
generates a synchronous idle indicator symbol for transmission to the other transceiver with
which the present transceiver is communicating. For example, the CPU may affirmatively notify

the controller 210 that this is about to occur. Alternatively, the controller may monitor the buffer
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206 and note its filling with data by the CPU has been interrupted for some time period. The idle
indicator symbol is preferably of the same duration as a data frame, so that the remote
transceiver can process it in the normal manner. However, it must be distinct from any valid
data frame so that it can be detected and distinguished without ambiguity. It may comprise a
tone, a collection of tones, a collection of tones modulated by bits, with similar of different
phases, an inverted sync signal, or even the absence of signal. The CO transceiver responds to
receipt of the idle symbol by itself transmitting idling data to the network or other devices with
which it is connected so that erroncous data will not be transmitted. When the CPU returns to
servicing its associated transceiver, the idle generator suspends operation, preferably on
command of the controller 210.

Even when the transceiver is not implemented as part of the shared resources of a CPU, it
may nonetheless be beneficial to transmit an idle signal as described above when the transceiver
is in sleep mode. This minimizes the likelihood that erroneous data may be emitted, for
example, to a network by a CO transceiver when a CPE transceiver with which it is
communicating is in sleep mode.

From the foregoing, it 'will be seen that we have provided a multitone transceiver system
that capable of operating wholly or partially in a sleep mode, both for purposes of power
conservation as well as to accommodate itself to integration with, or incorporation into,
computer systems having a power conservation mode. The transceiver system also is adapted to
implementation in software under circumstances where the CPU on which the software runs is
shared with other applications which may sometimes preempt resources needed for the

transceiver.
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WHAT IS CLAIMED IS:

1. A multicarrier transceiver having a sleep mode capability, comprising
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A. means responsive to a sleep mode command for:
(1) storing selected state parameters characteristic of the communications
channel over which the transceiver is operating; and
(2) reducing power to selected portions of transceiver circuitry;
and
B. means responsive to a wake-up command for:
(1) restoring power to said transceiver;
(2) restoring the state of said transceiver from said sleep mode by means
of said stored parameters; and
C. means for maintaining a common, synchronized data frame count between said
transceiver and a remote transceiver with which it communicates, to thereby facilitate

restoration of communication without reinitialization of said transceiver.

A multicarrier transceiver according to claim 1 in which said state parameters include one
or more parameters selected from the group comprising frequency-domain equalizer
coefficients, time-domain equalizer coefficients, echo canceller coefficients, bit

allocations, coding parameters, fine gains, and subchannel gains.
A multicarrier transceiver according to claim 1 in which the means for maintaining said
frame count comprises a signal defining a timing reference during at least the time when

said first transceiver is in sleep mode.

A multicarrier transceiver according to claim 3 in which said signal comprises a pilot

tone transmitted from one transceiver to another with which it is in communication.

A multicarrier transceiver according to claim 4 in which said pilot tone is transmitted

between said transceivers during both normal operation and reduced power operation.
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A multicarrier transceiver according to claim 1 in which maintaining synchronization

includes maintaining synchronization of frame counters between said transceivers.

A multi carrier transceiver according to claim 6 in which maintaining synchronization
further includes maintaining synchronization of the phase of a synchronizing signal

transmitted between said transceivers.

A multicarrier transceiver according to claim 1 including means to transmit an idle

symbol to said remote transceiver when said transceiver is in sleep mode.

A multicarrier transceiver according to claim 1 including means to transmit to said
remote transceiver a short test signal on awaking from sleep mode in order to determine
whether transmission conditions have changed sufficiently during sleep mode to require

reinitialization of said transceiver on emerging from sleep mode.

A multicarrier transceiver including

A. mean for storing the state of said transceiver responsive to a state change
indicator;

B. means for restoring said state from the stored state parameters to thereby
obviate reinitialization of said transceiver on return from sleep mode;

C. means detecting the absence of valid frame information for generating said

state change indicator.

A multi carrier transceiver including

A. means for storing the state of transceiver responsive to an interruption of valid
data transmission,;

B. means for entering a sleep mode during said interruption;

C. means for maintaining communication of a synchronizing signal between said

transceiver and another transceiver during sleep mode.; and
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14.

15.

16.
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D. means for restoring said state from the stored state parameters to thereby

obviate reinitialization of said transceiver on return from sleep mode.

A multicarrier transceiver according to claim 11 in which communication is maintained

by transmitting a synchronizing signal to said other transceiver.

A multicarrier transceiver according to claim 11 in which communication is maintained

by receiving by receiving a synchronizing signal from said other transceiver.

A multiracial transceiver according to claim 11 in which said state includes on or more
parameters selected from the set comprising frequency-domain equalizer coefficients,
time-domain equalizer coefficients, echo cancelled coefficients, bit allocations, coding

parameter, fine gains and subchannel gains.

A method of providing a sleep mode in a multicarrier transceiver characterized by a
plurality of state parameters characteristic of the communications channel over which the
transceiver is operating and requiring initialization of said parameters for normal
communications, comprising the steps of:

A. storing selected ones of said state parameters in response to a sleep mode
command;

B. reducing power to selected portions of the circuitry following said storing;

C. restoring power to said selected portions in response to an awaken signal; and

D. restoring the state of said transceiver from said stored parameters in response

to said wakeup signal to thereby obviate reinitialization of said transceiver.

A method according to claim 15 in which said selected state-parameters comprise one or
more parameters selected from the group comprising frequency-domain equalizer
coefficients, time-domain equalizer coefficients, echo-canceller coefficients, bit

allocations, coding parameters, fine gains, and subchannel gains.
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17. A method according to claim 15 or 16 including the step of maintaining synchronization
in said transceiver with a synchronization signal transmitted to said said transceiver

during the time that said transceiver is in sleep mode.
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ABSTRACT OF THE DISCLOSURE

A multicarrier transceiver is provided with a sleep mode in which it idles with reduced
power consumption when it is not needed to transmit or receive data. The full transmission and
reception capabilities of the transceiver are quickly restored when needed, without requiring the
full (and time-consuming) initialization commonly needed to restore such transceivers to

operation after inactivity.

18
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MULTICARRIER TRANSMISSION SYSTEM WITH LOW POWER SLEEP MODE AND
RAPID-ON CAPABILITY

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is a continuation of U8, Application No. 13/152.5358_ filed June 3, 2011

now U.S, Patent No. 8,437,382, which is a continuation of U.S. Application No. 12/615.946,
filed November 10, 2009, now U.S. Patent No. 7,978,753, which is a continuation of U.S.
Avpplication No. 11/425,507, filed June 21, 2006, now .S, Patent No. 7,697,598, which is a

continyation of ULS, Application No, 11/289,516, filed November 30, 2005, whichisa

continuation of U.S. Application No. 11/090.183. filed March 28. 2005, which is a continuation
of U.S. Applcation No. 10/778.083. filed February 17, 2004, which is a continuation of U.S.

Application No, 10/175,815, filed June 21, 2002, which is a continuation of 1J.S. Apnlication No.
09/581,400, filed June 13, 2000, now U.S. Patent No. 6,445,730, which 1s a 371 of International
Application No. PCT/UUS99/01539, filed January 26, 1999, which claims the benefit of and

prierity to U.S. Application No. 60/072.447, filed January 26, 1998 entitled “Multicarrier

Transmussion Svstem with a Low Power Sleep Mode and with Instant-On Capability” each of

which are incorporated herein by reference in their entirety.

BACKGROUND OF THE INVENTION

The invention relates to multicarrier transmission systems, and comprises method and

apparatus for establishing a power management sleep state in a multicarrier system.

SUMMARY OF THE INVENTION

CSCO-1002, Part 1
Page 135 of 591



10

15

20

25

Substitute Specification — Marked-Up Copy
Attorney Docket No.: 6936-28-CON-7

Multicarrier transmission systems provide high speed data links between communication
points. Such systems have recently been introduced for communications over the local
subscriber loop that connects a telephone service subscriber to a central telephone office; in this
important application they are commonly referred to as “xDSL” systems, where the “x” specifies
a particular variant of DSL (digital subscriber loop) communications, e.g., ADSL (asynchronous
digital subscriber loop), HDSL (High-Speed Digital Subscriber Loop), etc. These will be
referred to generically herein simply as “DSL” systems.

In such systems, a pair of transceivers communicate with other by dividing the overall
bandwidth of the channel interconnecting the subscriber and the central office into a large
number of separate subchannels, each of limited bandwidth, operating in parallel with each other.
For example, one common system divides thethes subscriber line channel into two hundred and
fifty six subchannels, cach of 4.3 kilohertz bandwidth. A first group of these (e.g., one hundred
ninety six) is allocated to communications from the central office to the subscriber (this is known
as the “downstream” direction); a second group (e.g., thirty-two) is allocated to communications
from the subscriber to the central office (this is known as the “upstream” direction). The
remaining subchannels are allocated to administrative, overhead and control (AOC) functions.

Data to be communicated over the link is divided into groups of bits, one group for each
subchannel. The group of bits allocated to a given subchannel is modulated onto a carrier whose
frequency is specific to that channel. Typically, quadrature amplitude modulation (QAM) is
used for this purpose, and the group of bits is mapped into a vector defined by one of the points
of a “constellation” which specifies the allowable data points for transmission over that
subchannel at a particular time. Each vector or data point thus comprises a unique symbol
representing a specific bit configuration for transmission as a group over its associated
subchannel. During the time period allocated for transmission of a symbol (commonly referred
to as a “symbol period” or “frame”), each subchannel transmits its symbol in parallel with all
other subchannels so that large amounts of data can be transmitted during each frame.

The number of bits carried by a symbol is dependent on the characteristics of the
subchannel over which it is to be transmitted. This may vary from one subchannel to another.

The principal determinant is the signal-to-noise ratio ¢f thestt&e subchannel. Accordingly, this
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parameter is measured from time to time in order to ascertain its value for each subchannel, and
thus determine the number of bits to be transmitted on the particular subchannel at a given time.

The telephone channel is subject to a number of impairments which must be compensated
for in order to ensure reliable transmission. Phase (delay) distortion of the transmitted signal is
typically the most limiting of these impairments. This distortion is frequency-dependent, and
thus components of a signal at different frequencies are shifted by varying amounts, thereby
distorting the signal and increasing the likelihood of erroneous detection unless provision is
made to combat it. To this end, frequency domain equalizers (FDQ) and time domain equalizers
(TDQ) are commonly incorporated into the transmission channel in order to equalize the phase
(time) delay across the channel frequency band. Other impairments also exist. For example,
frequency-dependent signal attenuation adversely affects signal transmission on the telephone
line. This is compensated by the use of gain equalizers on the line, while echo on the line is
handled by the use of echo cancellers.

The problem of signal impairment is especially serious in those xDSL configurations
which carry the DSL communications on a common line with ordinary voice communications
but which omit the use of a “splitter” at either the subscriber premises the central office or both.
A “splitter” is basically a filter which separates the low-frequency voice communications (e.g.,
from zero to four kilohertz) from the higher frequency data communications (which may extend
up into the megahertz band) and provides a strong degree of isolation between the two. In the
absence of a splitter, unique provisions must be made to accommodate voice and data
communications on the same line. For a more detailed description of the problem and its
solution, see the co-pending application of Richard Gross et al. entitled “Splitterless Multicarrier
Modem?”, Serial No. PCT/US98 21442, filed October 9, 1998, and assigned to the assignee of the
present invention, the disclosure of which is incorporated herein by reference.

Because of their extensive use in Internet communications as well as in other
applications, DSL transceivers are commonly maintained in the “on” state, ready to transmit or
receive once they have been installed and initialized. Thus, such modems consume a significant
amount of power, even when they are not actively transmitting or receiving data. It is generally
desirable to limit this power consumption, both for environmental reasons as well as to prolong

the life of the equipment. Further, such modems may be implemented or incorporated in part or
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in whole in computer equipment such as in personal computers for home and business use, and
such computers increasingly incorporate power conservation procedures. See, for example, U.S.
Patent No. 5,428,790, “Computer Power Management System”, issued June 27, 1995 on the
application of L. D. Harper. Thus, it is desirable to provide an ADSL modem which can
accommodate power conservation procedures in equipment with which it is associated, as well as
independently of such equipment as may be appropriate.

Because of the complexity of DSL transceivers, and the conditions under which they
must operate, it is necessary to initialize them prior to the transmission and reception of data.
This initialization includes, inter alia, channel corrections such as “training” the frequency-
domain and time-domain equalizers and the echo cancellers; setting the channel gains;
negotiating the transmission and reception data rates; adjusting the fine gains on the subchannels
over which communication is to take place; setting the coding parameters; and the like.
Additionally, it includes measuring the signal-to-noise ratio of each of the subchannels,
calculating the bit-allocation tables characteristic of each under given conditions of transmission,
and exchanging these tables with other modems with whigh a given modem communicates. For
more detailed discussion of these procedures, refer to the application of Richard Gross et al.,
cited above and incorporated herein by reference. These procedures can require from seconds to
tens of seconds. In a new installation, the time required is inconsequential. However, in an
already-operating installation, the time required to initialize or re-initialize the system after a
suspension of operation in connection with power conservation is generally unacceptable, since
it is typically desired to have the modem respond to request for service nearly instantancously.

Accordingly, it is an object of the invention to provide a multicarrier transmission system
having a low power sleep mode and a rapid-on capability.

Further, it is an object of the invention to provide a multicarrier transmission system for
use in digital subscriber line communications that can rapidly switch from a sleep mode to a full-
on condition.

Still another object of the invention is to provide a DSL system that can readily be
integrated into a computer having a low power sleep mode and which is capable of rapid return

to full operation.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention description below refers to the accompanying drawings, of which:

Figure 1 is a block and line diagram of a multicarrier transmission system in accordance
with a preferred embodiment of the present invention;

Figure 1A is a portion of an exemplary chart showing a possible bit distribution among
subchannels;

Figure 1B illustrates a timing signal used in accordance with the invention;

Figure 2 is a flow diagram of the operation of the present invention; and

Figure 3 is a block and line diagram of still another aspect of the present invention.
DETAILED DESCRIPTION OF AN ILLUSTRATIVE EMBODIMENT

For purposes of explanation, the present invention will be described in the context of an
ADSL system having a first transceiver located at the site of a customer’s premises (referred to
hereinafter as the “CPE transceiver”) and a second transceiver located at a local central telephone
office (hereinafter referred to as the “CO transceiver”). The two are interconnected for
communication by means of a common telephone line over which voice and data are to be
transmitted, and the CO transceiver is commonly connected into a broader network such as the
Internet to and from which data is to be communicated. The system will be described as using
Fourier transform technology for modulation and demodulation of the data to be transmitted. It
will be understood, however, that the invention is not limited to this environment, and is
applicable to point-to-point communications is other environments, and with other forms of
modulation/demodulation. Further, since the CPE transceiver and CO transceiver are very
similar, the invention will be explained in connection with a detailed illustration of the CPE
transceiver only.

In Figure 1, a DSL transceiver 10 in accordance with the present invention has a
transmitter section 12 for transmitting data over a digital subscriber line 14 and a receiver section
16 for receiving data from the line. The transmitter section 12 is formed from an input buffer

and converter (IBC) 18 that receives a serial string of data (e.g., binary digits) b; to be
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transmitted and converts the data into a plurality of pairs of complex-valued symbols X; and their
conjugates Xni = X 5,1=0, 1, ...N. Typically, the buffer 18 holds at least a frame of data (a
frame comprising the amount of data to be transmitted during one symbol period). The pairs of
symbols X; and X'; are applied to an Inverse Fast Fourier Transform (IFFT) 20 to provide real
time output signals Xj, j =0, 1, ....N/2 -1. The latter in turn are converted to serial form in a
parallel-to-serial convener (PSC) 22 and then applied to a digital-to-analog converter (DAC) 24
for application to a line driver 26. The converter 24 may apply a cyclic prefix to the signals X to
combat intersymbol interference caused by the transmission medium. The driver 26 may
incorporate a gain control section (GC) 26a for controlling the signal amplitude (and thus power)
as it is applied to a communication channel such as the digital subscriber line 14.

IFFT 20 may be viewed as a data modulator. The symbols X, and their conjugates Xy,
correspond to data points defining signal vectors in a quadrature amplitude modulation (QAM)
constellation set. The converter 18 forms the respective symbols from the input data with the aid
of a bit allocation table (BAT) 28 which specifies, for each subchannel, the number of bits to be
carried by the symbol transmitted over that subchannel, and thus defines the data point to be
associated with the symbol. This table is typically calculated at the transceiver and is transmitted
to other transceivers with which the instant transceiver communicates, to thereby enable them to
decode the symbols received by them from the instant transceiver.

The number of bits which each symbol carries is determined by the characteristics of the
subchannel over which the symbol is to be transmitted, and particularly by the signal-to-noise
ratio of the subchannelsabebasnel. Procedures for this calculation are known. Figure 1A shows
an example of such a table as formed and stored at transceiver 10. Thus, the symbol to be
transmitted over subchannel 50 may be determined to have an allocation of six bits; that of
subchannel 51, six bits; that of subchannel 52, seven bits, etc.

A Clock 30 controls the timing of the operation of the transmitter 12. It supplies input to
a Controller 32 which controls the individual units of the transmitter. In the case of the CO
transceiver, the clock 30 typically is a master clock to which a remote transceiver, such as at a
subscriber premises, will be synchronized. In the case of a transceiver at the subscriber

premises, such as is shown here for purposes of illustration, the clock is derived from the master
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clock at the central office as described more fully below in connection with the receiver portion
of the transceiver.

A Frame Counter (FC) 24 connected to the controller 32 maintains a count of the number
of frames of data transmitted from or received by the transceiver 10. The clock 30 maintains the
count in counter 34 synchronous with that of a corresponding counter (not shown) in the CO
transceiver. In DSL systems, typically, data is communicated in the form of a sequence of data
frames (e.g., sixty-cight frames for ADSL as specified in ITU Document G.992.2), followed by a
synchronization frame, each frame having a duration of one symbol period of approximately
two hundred and fifty microseconds. Together, the sixty-nine frames comprise a “superframe”.
Thus, the counter 34 typically maintains a count modulo sixty-nine. Finally, a State Memory
(SM) 36 connected to the controller 32 records the state of the transceiver for reasons discussed
more fully below.

Turning now to the receiver section 16, it is formed from a line conditioner (L.} 50; an
analog-to-digital converter (ADC) 52; a serial-to-parallel converter 54; a Fast Fourier Transform
(FFT) section 56; a decoder 58; and a parallel-to-serial converter 60. The conditioner 50
compensates for transmission distortions introduced by the line 14, and commonly includes a
frequency-domain equalizer (FDQ) 50a; a time-domain equalizer (TDQ) 50b; and an echo
canceller (EC) 50c, among other elements. The ADC 52 converts the received signal to digital
form and applies it to the serial-to-parallel converter 54. The converter 54 removes any cyclic
prefix that may have been appended to the signal before it was transmitted, and applies the
resultant signal to the FFT 56 which effectively “demodulates” the received signal. The output
of the FFT is applied to decoder 58 which, in conjunction with a bit-allocation-table §463,
recovers the symbols X; and X~ and the bits associated with them. The output of detector 58 is
applied to the parallel-to-serial converter 60 which restores the data stream, b;, that was
originally applied to the transmitter. The controller 32 also controls the operation of the receiver
portion 16 of the transceiver 10.

During normal (non-sleep mode) operation, a phase-lock loop (PLL) 62 receives from the
FFT 56 a timing reference signal 62a (see Figure 1A) via a line 62b. The timing reference signal
62a is transmitted from the transmitter with which the receiver 16 communicates (¢.g., the CO

transmitter). This signal is advantageously a pure tone of fixed frequency and phase which is
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synchronized with the Master Clock in the transmitter; its frequency defines the frame rate of the
transceivers. Other forms of timing signal may, of course, be used, but use of a pure tone has the
advantage of simplicity and reliability even when portions of the transceiver are powered down
in accordance with the invention. The PLL 62 locks itself to this signal and drives clock 30 in
synchronism with the Master Clock in the driving transmitter. This also synchronizes frame
counter 34 of the CPE transceiver to the corresponding frame counter of the CO transceiver.
Control of the receiver section is provided by the controller 32.

In the sleep mode, the FFT 56 is preferably dormant. Accordingly, the timing reference
signal for PLL 62 is provided from the output of the analog to digital convener 52 via a detector
64 which extracts the timing signal from the signal appearing on line 14 during sleep mode, by
calculating the DFT of the synchronizing pilot tone. Controller 32 controls the switching of the
input to PLL 62 between these two sources so that the PLL 62 remains locked to the CO
transceiver timing reference.

As noted earlier, the transceiver of the present invention will commonly be incorporated
in a computer such as a personal computer; indeed, it may be implemented as an integral part of
such a computer, which may have a power conservation capability for activation when the
computer is not in active operation. It is thus desirable that the transceiver be able to suspend
operations and enter a “sleep” mode in which it consumes reduced power when it is not needed
for data transmission or reception, but nonetheless be able to resume transmission or reception
almost instantaneously, e.g., within a few frames.

Further, when the ADSL transceiver is implemented as an integral part of a computer, it
may often be the case that the processing power of the computer is, at a given moment, devoted
to another task such as graphics, word processing, and the like, and is thus unable to service the
transceiver. In such circumstances, it is possible that a frame that is assembled for transmission
to the CO transceiver, and thence to some network connected to it, is incomplete, and thus would
generate errors if transmitted. Accordingly, the transceiver of the present invention is responsive
to such conditions by entering an “idle” state in which it ceases active transmission of data while
the computer is elsewhere occupied. This state is similar in many ways to the sleep mode state
although, of course, its purpose is not power conservation, and thus in the idle state the power to

selected portions of the transceiver may, but need not, be reduced. The idle state maintains
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synchronous signaling between the CPE and CO transceivers but no data is transmitted. On
receipt of the idle indicator from the CPE, the CO transceiver transmits idle cells to the network
to maintain connection with the network.

Referring now more particularly to Figure 2, the power down operation of the CPE
transceiver begins on receipt of a power down indication (step 80) by the CPE transceiver
controller 32. The power down indication may be applied to the controller 32 from an external
source such as a personal computer in which the transceiver is included; it may be generated
within the transceiver itself as a result of monitoring the input buffer 18 and determining that no
data has been applied to it for a given time interval or that the buffer has not been filled despite
passage of a symbol time; it may be responsive to a power down command from the CO
transceiver; or it may be generated in response to other conditions.

Considering for the moment the first two cases, the CPE transceiver responds to the
indication by transmitting to the CO transceiver an “Intend To Enter Sleep Mode” notification
(step 82). This notification indicates that the transceiver is about to undergo a change of state,
and may take any of a variety of forms; preferably it is a message, but may also comprise a tone,
an inverted sync signal, a flag, or even the cessation of data transmission itself. The notification
may advantageously be transmitted over one of the embedded operations channels of the system.
It provides the CO transceiver an opportunity to prepare itself to enter sleep mode, and also to
signal the CPE transceiver if entrance into sleep mode is not appropriate or desirable at the
particular moment.

If entrance into sleep mode is permissible at this time; the CO transceiver responds to the
power down or idle signal by transmitting an “Acknowledge Sleep Mode” notification (step 84)
to the CPE transceiver. This and subsequent notifications described in connection with the sleep
or idle mode may similarly take any of a variety of forms such as described above for the “Intend
To Enter Sleep Mode” notification, but again preferably is in the form of a message transmitted
over an embedded operations channel.

After it has received acknowledgment from the CO transceiver, the CPE transceiver
transmits an “Entering Sleep Mode” notification (step 86) to the CO transceiver and ceases
transmission, either immediately or after a given number of frames. The CO transceiver detects

this notification; transmits its own “Entering Sleep Mode” notification (step 88); and enters sleep
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mode (step 90). In pursuance of this, the CO transceiver stores its state in its own state memory
corresponding to the state memory 363% of CPE transceiver 10. The state of the CO or CPE
transceivers preferably includes at least the frequency and time-domain equalizer coefficients
(FDQ; TDQ) and the echo-canceller coefficients (ECC) of its receiver portion and the gain of its
transmitter portion; the transmission and reception data rates; the transmission and reception
coding parameters; the-transmission fine gains; and the Bit Allocation Tables. The CO
transceiver continues to advance the frame count and superframe count during the period of
power-down in order to ensure synchrony with the remote CPE transceiver when
communications are resumed. In order to maintain synchronization during the power down or
idle state, the CO transceiver continues to transmit to the CPE transceiver the synchronizing pilot
tone 62a. It may, at this time, perform its own power reduction. In particular, it may reduce or
cut off power to the digital modulator/demodulator portions of its transmitter and receiver
sections (corresponding to the IFFT 20 and FFT 56 of the CPE transceiver, Fig. 1); this provides
a significant power reduction. Further, it may reduce power to parts of the analog circuitry.
Power will be maintained, of course, to at least that portion of the analog driver circuitry which
transmits the pilot tone and other control signals to the CPE transceiver, and to line circuits
required to monitor the line 14 for signals from the CPE transceiver.

In a central office, the rest of the equipment is still operating, and while the link between
the CO transceiver and the CPE transceiver is in a sleep state, user data provided by the CO
transceiver will be benign idle data such as ATM ldleCelistdie-&elis or HDLC Flag octets, and
not generate false data errors to other equipment.

In response to the “Entering Sleep Mode” notification from the CO transceiver, the CPE
transceiver enters the sleep mode (step 92). In particular, it stores its state (step 94) in state
memory 38; as noted above in connection with the CO transceiver, this includes preferably at
least the frequency and time-domain equalizer coefficients (FDQ; TDQ) and the echo-canceller
cocfficients (ECC) of its receiver and the gain of its transmitter; the transmission and reception
data rates; the transmission and reception coding parameters; the transmission fine gains; and the
Bit Allocation Tables. The phase and frequency offset of the phase-locked loop 62 is maintained
by continued operation of the loop. The CPE transceiver 10 then reduces power to the digital

modulator/demodulator circuitry comprising IFFT 20 and FFT 56, as well as to and transmitter

10
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data line drivers 26. However, it continues to advance the frame counter 34 in accordance with
the received synchronizing signal 62a. However, the CPE controller 32 now causes this signal to
be applied to the PLL 62 from the output of the ADC 52 (Fig. 1) via the detector 64, which
implements the DFT of a single tone, instead of directly from the output of the FFT 56 as was
previously the case. This enables the FFT 56 to be powered down. The CPE and CO
transceivers then operate in sleep mode (steps 95 and 97, respectively) until they awaken.

During the sleep mode state, the CO transceiver continues to monitor (step 90) the data
subscriber line 14 for an “Exiting Sleep Mode” signal from the CPE transceiver (step 96). The
CPE transceiver transmits this signal when its controller receives an “Awaken’ indication (step
98) from an external source such as a computer in which it is installed or from other sources, or
when its controller detects the presence of new data in the input buffer 18. In response to the
“Awaken” signal, the CPE transceiver retrieves its stored state from the state memory 38;
restores full power to its circuitry; and restores the output of the FFT 56 to the input -of the PLL
62 (step 96). The CO transceiver, on detecting the “Exit Sleep Mode” notification from the CPE
transceiver (step 99), thereupon exits sleep mode by restoring its state and restoring power. On
waking up from sleep mode, the CPE transceiver can begin transmitting immediately or after
only a few frames delay, since it need not repeat the initialization that was earlier required to
establish the requisite parameters (e.g., frequency and time-domain equalizer coefficients (FDQ;
TDQ, echo-canceller coefficients (ECC), transmitter gains; transmission and reception data rates;
transmission and reception coding parameters; transmission fine gains; and Bit Allocation
Tables) required for reliable communications. The same is true for the CO transceiver.

The present invention enables rapid resumption of transmissions, whether recovering
from a power down or from an enforced idle condition due to temporary unavailability of
processor resources in the case of an embedded transceiver, i.¢., a transceiver implemented
largely software and sharing CPU processing power with the other applications which may from
time to time divert CPU resources from the transceiver. In particular, the transceiver of the
present invention is capable of recovering full data transmission capabilities within a period of a
few frames.

On resuming communication, it may be desirable for the CPE transceiver to transmit

several frames of test (known) data (step 100) before resuming transmission of user data. This

11
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enables the system to verify that system conditions have not changed so significantly as to
require renewed initialization. If the CO transceiver receives these without error, it notifies the
CPE transceiver (step 102) and the latter resumes full user data transmission (step 104 and 106).
Otherwise, reinitialization must be performed (steps 104 and 108) before user data transmission
occurs. A similar procedure may be employed for the transmission by the CO transceiver, and
need not be described in further detail.

It will be understood that the order of certain of the steps described above may be
changed, and that some steps may be omitted or added. For example, instead of initiating sleep
mode at the CPE transceiver as shown in Figure 2, the CO transceiver may initiate sleep mode.
In such a case, the flow of notifications will be as shown in Figure 2, but with the positions of
CO and CPE transceivers reversed. Further, in some cases it may be desirable to omit the
preparatory notifications of steps 82 and 84 and commence entrance into sleep mode as at steps
86 and 88. This will speed entrance into sleep mode, but is more prone to error.

It should also be understood that it is possible, and in various circumstances may be
desirable, to operate in a “partial” sleep mode, in which only part of each transceiver is powered
down. For example, where data transfer is one-way (when, for example, receiving video at the
CPE transceiver from the CO transceiver without any upstream data being sent in return to the
CO), the CO receiver and the CPE transmitter may operate in the sleep mode, while the CO
transmitter and the CPE receiver are operating in full power mode.

As noted earlier, it is possible to implement major portions of the CPE and CO
transceivers in software. In some applications, a dedicated CPU will be used for this purpose; in
others, the CPU will be shared with other applications. Even when the sleep mode power
conservation procedures described above are not necessary, when the transceivers are
implemented in a shared-CPU environment, it may often be necessary to enter an idle mode that
is similar to the sleep mode described above in order to maintain synchronization between the
transceivers whenever the CPU is unable to service the transceivers. This is accomplished in
accordance with the present invention by providing an Interface Transmission Unit (ITU)
between the CPU and the data subscriber line which generates an idle indicator whenever the
CPU is unavailable for servicing the transceiver which and transmits it to the remote transceiver

to maintain the latter in synchronism with the former.
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In particular, referring now to Figure 3, an Interface Transmission Unit (ITU) 200 in
accordance with the present invention is interposed between a CPU 202 and the data subscriber
digital and digital-to-analog converter 208, a controller 210, an idle indicator generator 212, and
an analog front end 214.

In normal operation, the CPU passes data and control signals to the ITU 200 via the bus
interface unit 204. Data from the CPU that is to be transmitted over the line 14 is stored in the
buffer 206 and passed through the digital-to-analog converter portion of unit 208 for application
to the line 214 through the analog front end. Conversely, data that is received from the line 14 is
passed through the digital-to-analog converter portion of unit 208 to the buffer 206 and thence to
the CPU 202 via the interface 204. The CPU processes the data flowing in the different
directions in the manner illustrated in connection with Figure 1, i.¢., it performs the requisite
IFFT and FFT transforms on the data as appropriate. The idle indicator generator 212 may be
inactive in this state.

When the CPU must divert its resources elsewhere for servicing applications having
higher priority at the moment, the controller 210 activates the idle indicator generator 212 which
generates a synchronous idle indicator symbol for transmission to the other transceiver with
which the present transceiver is communicating. For example, the CPU may affirmatively notify
the controller 210 that this is about to occur. Alternatively, the controller may monitor the buffer
206 and note its filling with data by the CPU has been interrupted for some time period. The idle
indicator symbol is preferably of the same duration as a data frame, so that the remote
transceiver can process it in the normal manner. However, it must be distinct from any valid
data frame so that it can be detected and distinguished without ambiguity. It may comprise a
tone, a collection of tones, a collection of tones modulated by bits, with similar of different
phases, an inverted sync signal, or even the absence of signal. The CO transceiver responds to
receipt of the idle symbol by itself transmitting idling data to the network or other devices with
which it is connected so that erroncous data will not be transmitted. When the CPU returns to

command of the controller 210.
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Even when the transceiver is not implemented as part of the shared resources of a CPU, it
may nonetheless be beneficial to transmit an idle signal as described above when the transceiver
is in sleep mode. This minimizes the likelihood that erroneous data may be emitted, for
example, to a network by a CO transceiver when a CPE transceiver with which it is
communicating is in sleep mode.

From the foregoing, it 'will be seen that we have provided a multitone transceiver system
that capable of operating wholly or partially in a sleep mode, both for purposes of power
conservation as well as to accommodate itself to integration with, or incorporation into,
computer systems having a power conservation mode. The transceiver system also is adapted to
implementation in software under circumstances where the CPU on which the software runs is
shared with other applications which may sometimes preempt resources needed for the

transceiver.
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ABSTRACT OF THE DISCLOSURE

A multicarrier transceiver is provided with a sleep mode in which it idles with reduced
power consumption when it is not needed to transmit or receive data. The full transmission and
reception capabilities of the transceiver are quickly restored when needed, without requiring the
full (and time-consuming) initialization commonly needed to restore such transceivers to

operation after inactivity.
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MULTICARRIER TRANSMISSION SYSTEM WITH LOW POWER SLEEP MODE AND
RAPID-ON CAPABILITY

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is a continuation of U.S. Application No. 13/152,558, filed June 3, 2011,
now U.S. Patent No. 8,437,382, which is a continuation of U.S. Application No. 12/615,946,
filed November 10, 2009, now U.S. Patent No. 7,978,753, which is a continuation of U.S.
Application No. 11/425,507, filed June 21, 2006, now U.S. Patent No. 7,697,598, which is a
continuation of U.S. Application No. 11/289,516, filed November 30, 2005, which is a
continuation of U.S. Application No. 11/090,183, filed March 28, 2005, which is a continuation
of U.S. Application No. 10/778,083, filed February 17, 2004, which is a continuation of U.S.
Application No. 10/175,815, filed June 21, 2002, which is a continuation of U.S. Application No.
09/581,400, filed June 13, 2000, now U.S. Patent No. 6,445,730, which is a 371 of International
Application No. PCT/US99/01539, filed January 26, 1999, which claims the benefit of and
priority to U.S. Application No. 60/072,447, filed January 26, 1998 entitled “Multicarrier
Transmission System with a Low Power Sleep Mode and with Instant-On Capability” each of

which are incorporated herein by reference in their entirety.
BACKGROUND OF THE INVENTION

The invention relates to multicarrier transmission systems, and comprises method and

apparatus for establishing a power management sleep state in a multicarrier system.
SUMMARY OF THE INVENTION

Multicarrier transmission systems provide high speed data links between communication
points. Such systems have recently been introduced for communications over the local
subscriber loop that connects a telephone service subscriber to a central telephone office; in this

important application they are commonly referred to as “xDSL” systems, where the “x” specifies
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a particular variant of DSL (digital subscriber loop) communications, e.g., ADSL (asynchronous
digital subscriber loop), HDSL (High-Speed Digital Subscriber Loop), etc. These will be
referred to generically herein simply as “DSL” systems.

In such systems, a pair of transceivers communicate with other by dividing the overall
bandwidth of the channel interconnecting the subscriber and the central office into a large
number of separate subchannels, each of limited bandwidth, operating in parallel with each other.
For example, one common system divides the subscriber line channel into two hundred and fifty
six subchannels, each of 4.3 kilohertz bandwidth. A first group of these (e.g., one hundred
ninety six) is allocated to communications from the central office to the subscriber (this is known
as the “downstream” direction); a second group (e.g., thirty-two) is allocated to communications
from the subscriber to the central office (this is known as the “upstream” direction). The
remaining subchannels are allocated to administrative, overhead and control (AOC) functions.

Data to be communicated over the link is divided into groups of bits, one group for each
subchannel. The group of bits allocated to a given subchannel is modulated onto a carrier whose
frequency is specific to that channel. Typically, quadrature amplitude modulation (QAM) is
used for this purpose, and the group of bits is mapped into a vector defined by one of the points
of a “constellation” which specifies the allowable data points for transmission over that
subchannel at a particular time. Each vector or data point thus comprises a unique symbol
representing a specific bit configuration for transmission as a group over its associated
subchannel. During the time period allocated for transmission of a symbol (commonly referred
to as a “symbol period” or “frame”), each subchannel transmits its symbol in parallel with all
other subchannels so that large amounts of data can be transmitted during each frame.

The number of bits carried by a symbol is dependent on the characteristics of the
subchannel over which it is to be transmitted. This may vary from one subchannel to another.
The principal determinant is the signal-to-noise ratio of the subchannel. Accordingly, this
parameter is measured from time to time in order to ascertain its value for each subchannel, and
thus determine the number of bits to be transmitted on the particular subchannel at a given time.

The telephone channel is subject to a number of impairments which must be compensated
for in order to ensure reliable transmission. Phase (delay) distortion of the transmitted signal is

typically the most limiting of these impairments. This distortion is frequency-dependent, and
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thus components of a signal at different frequencies are shifted by varying amounts, thereby
distorting the signal and increasing the likelihood of erroneous detection unless provision is
made to combat it. To this end, frequency domain equalizers (FDQ) and time domain equalizers
(TDQ) are commonly incorporated into the transmission channel in order to equalize the phase
(time) delay across the channel frequency band. Other impairments also exist. For example,
frequency-dependent signal attenuation adversely affects signal transmission on the telephone
line. This is compensated by the use of gain equalizers on the line, while echo on the line is
handled by the use of echo cancellers.

The problem of signal impairment is especially serious in those xDSL configurations
which carry the DSL communications on a common line with ordinary voice communications
but which omit the use of a “splitter” at either the subscriber premises the central office or both.
A “gplitter” is basically a filter which separates the low-frequency voice communications (e.g.,
from zero to four kilohertz) from the higher frequency data communications (which may extend
up into the megahertz band) and provides a strong degree of isolation between the two. In the
absence of a splitter, unique provisions must be made to accommodate voice and data
communications on the same line. For a more detailed description of the problem and its
solution, see the co-pending application of Richard Gross et al. entitled “Splitterless Multicarrier
Modem?”, Serial No. PCT/US98 21442, filed October 9, 1998, and assigned to the assignee of the
present invention, the disclosure of which is incorporated herein by reference.

Because of their extensive use in Internet communications as well as in other
applications, DSL transceivers are commonly maintained in the “on” state, ready to transmit or
receive once they have been installed and initialized. Thus, such modems consume a significant
amount of power, even when they are not actively transmitting or receiving data. It is generally
desirable to limit this power consumption, both for environmental reasons as well as to prolong
the life of the equipment. Further, such modems may be implemented or incorporated in part or
in whole in computer equipment such as in personal computers for home and business use, and
such computers increasingly incorporate power conservation procedures. See, for example, U.S.
Patent No. 5,428,790, “Computer Power Management System”, issued June 27, 1995 on the
application of L. D. Harper. Thus, it is desirable to provide an ADSL modem which can
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accommodate power conservation procedures in equipment with which it is associated, as well as
independently of such equipment as may be appropriate.

Because of the complexity of DSL transceivers, and the conditions under which they
must operate, it is necessary to initialize them prior to the transmission and reception of data.
This initialization includes, inter alia, channel corrections such as “training” the frequency-
domain and time-domain equalizers and the echo cancellers; setting the channel gains;
negotiating the transmission and reception data rates; adjusting the fine gains on the subchannels
over which communication is to take place; setting the coding parameters; and the like.
Additionally, it includes measuring the signal-to-noise ratio of each of the subchannels,
calculating the bit-allocation tables characteristic of each under given conditions of transmission,
and exchanging these tables with other modems with which a given modem communicates. For
more detailed discussion of these procedures, refer to the application of Richard Gross et al.,
cited above and incorporated herein by reference. These procedures can require from seconds to
tens of seconds. In a new installation, the time required is inconsequential. However, in an
already-operating installation, the time required to initialize or re-initialize the system after a
suspension of operation in connection with power conservation is generally unacceptable, since
it is typically desired to have the modem respond to request for service nearly instantancously.

Accordingly, it is an object of the invention to provide a multicarrier transmission system
having a low power sleep mode and a rapid-on capability.

Further, it is an object of the invention to provide a multicarrier transmission system for
use in digital subscriber line communications that can rapidly switch from a sleep mode to a full-
on condition.

Still another object of the invention is to provide a DSL system that can readily be
integrated into a computer having a low power sleep mode and which is capable of rapid return

to full operation.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention description below refers to the accompanying drawings, of which:
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Figure 1 is a block and line diagram of a multicarrier transmission system in accordance
with a preferred embodiment of the present invention;

Figure 1A is a portion of an exemplary chart showing a possible bit distribution among
subchannels;

Figure 1B illustrates a timing signal used in accordance with the invention;

Figure 2 is a flow diagram of the operation of the present invention; and

Figure 3 is a block and line diagram of still another aspect of the present invention.
DETAILED DESCRIPTION OF AN ILLUSTRATIVE EMBODIMENT

For purposes of explanation, the present invention will be described in the context of an
ADSL system having a first transceiver located at the site of a customer’s premises (referred to
hereinafter as the “CPE transceiver”) and a second transceiver located at a local central telephone
office (hereinafter referred to as the “CO transceiver”). The two are interconnected for
communication by means of a common telephone line over which voice and data are to be
transmitted, and the CO transceiver is commonly connected into a broader network such as the
Internet to and from which data is to be communicated. The system will be described as using
Fourier transform technology for modulation and demodulation of the data to be transmitted. It
will be understood, however, that the invention is not limited to this environment, and is
applicable to point-to-point communications is other environments, and with other forms of
modulation/demodulation. Further, since the CPE transceiver and CO transceiver are very
similar, the invention will be explained in connection with a detailed illustration of the CPE
transceiver only.

In Figure 1, a DSL transceiver 10 in accordance with the present invention has a
transmitter section 12 for transmitting data over a digital subscriber line 14 and a receiver section
16 for receiving data from the line. The transmitter section 12 is formed from an input buffer
and converter (IBC) 18 that receives a serial string of data (e.g., binary digits) b; to be
transmitted and converts the data into a plurality of pairs of complex-valued symbols X; and their
conjugates Xy = X*i, i=0,1,..N. Typically, the buffer 18 holds at least a frame of data (a

frame comprising the amount of data to be transmitted during one symbol period). The pairs of
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symbols X; and X; are applied to an Inverse Fast Fourier Transform (IFFT) 20 to provide real
time output signals Xj, j =0, 1, ....N/2 -1. The latter in turn are converted to serial form in a
parallel-to-serial convener (PSC) 22 and then applied to a digital-to-analog converter (DAC) 24
for application to a line driver 26. The converter 24 may apply a cyclic prefix to the signals X; to
combat intersymbol interference caused by the transmission medium. The driver 26 may
incorporate a gain control section (GC) 26a for controlling the signal amplitude (and thus power)
as it is applied to a communication channel such as the digital subscriber line 14.

IFFT 20 may be viewed as a data modulator. The symbols X , and their conjugates Xy,
correspond to data points defining signal vectors in a quadrature amplitude modulation (QAM)
constellation set. The converter 18 forms the respective symbols from the input data with the aid
of a bit allocation table (BAT) 28 which specifies, for cach subchannel, the number of bits to be
carried by the symbol transmitted over that subchannel, and thus defines the data point to be
associated with the symbol. This table is typically calculated at the transceiver and is transmitted
to other transceivers with which the instant transceiver communicates, to thereby enable them to
decode the symbols received by them from the instant transceiver.

The number of bits which each symbol carries is determined by the characteristics of the
subchannel over which the symbol is to be transmitted, and particularly by the signal-to-noise
ratio of the subchannel. Procedures for this calculation are known. Figure 1A shows an example
of such a table as formed and stored at transceiver 10. Thus, the symbol to be transmitted over
subchannel 50 may be determined to have an allocation of six bits; that of subchannel 51, six
bits; that of subchannel 52, seven bits, etc.

A Clock 30 controls the timing of the operation of the transmitter 12. It supplies input to
a Controller 32 which controls the individual units of the transmitter. In the case of the CO
transceiver, the clock 30 typically is a master clock to which a remote transceiver, such as at a
subscriber premises, will be synchronized. In the case of a transceiver at the subscriber
premises, such as is shown here for purposes of illustration, the clock is derived from the master
clock at the central office as described more fully below in connection with the receiver portion
of the transceiver.

A Frame Counter (FC) 24 connected to the controller 32 maintains a count of the number

of frames of data transmitted from or received by the transceiver 10. The clock 30 maintains the
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count in counter 34 synchronous with that of a corresponding counter (not shown) in the CO
transceiver. In DSL systems, typically, data is communicated in the form of a sequence of data
frames (e.g., sixty-eight frames for ADSL as specified in ITU Document G.992.2), followed by a
synchronization frame, each frame having a duration of one symbol period of approximately
two hundred and fifty microseconds. Together, the sixty-nine frames comprise a “superframe”.
Thus, the counter 34 typically maintains a count modulo sixty-nine. Finally, a State Memory
(SM) 36 connected to the controller 32 records the state of the transceiver for reasons discussed
more fully below.

Turning now to the receiver section 16, it is formed from a line conditioner (LC) 50; an
analog-to-digital converter (ADC) 52; a serial-to-parallel converter 54; a Fast Fourier Transform
(FFT) section 56; a decoder 58; and a parallel-to-serial converter 60. The conditioner 50
compensates for transmission distortions introduced by the line 14, and commonly includes a
frequency-domain equalizer (FDQ) 50a; a time-domain equalizer (TDQ) 50b; and an echo
canceller (EC) 50c, among other elements. The ADC 52 converts the received signal to digital
form and applies it to the serial-to-parallel converter 54. The converter 54 removes any cyclic
prefix that may have been appended to the signal before it was transmitted, and applies the
resultant signal to the FFT 56 which effectively “demodulates” the received signal. The output
of the FFT is applied to decoder 58 which, in conjunction with a bit-allocation-table 64, recovers
the symbols X; and X'; and the bits associated with them. The output of detector 58 is applied to
the parallel-to-serial converter 60 which restores the data stream, b;, that was originally applied
to the transmitter. The controller 32 also controls the operation of the receiver portion 16 of the
transceiver 10.

During normal (non-sleep mode) operation, a phase-lock loop (PLL) 62 receives from the
FFT 56 a timing reference signal 62a (see Figure 1A) via a line 62b. The timing reference signal
62a is transmitted from the transmitter with which the receiver 16 communicates (¢.g., the CO
transmitter). This signal is advantageously a pure tone of fixed frequency and phase which is
synchronized with the Master Clock in the transmitter; its frequency defines the frame rate of the
transceivers. Other forms of timing signal may, of course, be used, but use of a pure tone has the
advantage of simplicity and reliability even when portions of the transceiver are powered down

in accordance with the invention. The PLL 62 locks itself to this signal and drives clock 30 in
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synchronism with the Master Clock in the driving transmitter. This also synchronizes frame
counter 34 of the CPE transceiver to the corresponding frame counter of the CO transceiver.
Control of the receiver section is provided by the controller 32.

In the sleep mode, the FFT 56 is preferably dormant. Accordingly, the timing reference
signal for PLL 62 is provided from the output of the analog to digital convener 52 via a detector
64 which extracts the timing signal from the signal appearing on line 14 during sleep mode, by
calculating the DFT of the synchronizing pilot tone. Controller 32 controls the switching of the
input to PLL 62 between these two sources so that the PLL 62 remains locked to the CO
transceiver timing reference.

As noted earlier, the transceiver of the present invention will commonly be incorporated
in a computer such as a personal computer; indeed, it may be implemented as an integral part of
such a computer, which may have a power conservation capability for activation when the
computer is not in active operation. It is thus desirable that the transceiver be able to suspend
operations and enter a “sleep” mode in which it consumes reduced power when it is not needed
for data transmission or reception, but nonetheless be able to resume transmission or reception
almost instantaneously, e.g., within a few frames.

Further, when the ADSL transceiver is implemented as an integral part of a computer, it
may often be the case that the processing power of the computer is, at a given moment, devoted
to another task such as graphics, word processing, and the like, and is thus unable to service the
transceiver. In such circumstances, it is possible that a frame that is assembled for transmission
to the CO transceiver, and thence to some network connected to it, is incomplete, and thus would
generate errors if transmitted. Accordingly, the transceiver of the present invention is responsive
to such conditions by entering an “idle” state in which it ceases active transmission of data while
the computer is elsewhere occupied. This state is similar in many ways to the sleep mode state
although, of course, its purpose is not power conservation, and thus in the idle state the power to
selected portions of the transceiver may, but need not, be reduced. The idle state maintains
synchronous signaling between the CPE and CO transceivers but no data is transmitted. On
receipt of the idle indicator from the CPE, the CO transceiver transmits idle cells to the network

to maintain connection with the network.
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Referring now more particularly to Figure 2, the power down operation of the CPE
transceiver begins on receipt of a power down indication (step 80) by the CPE transceiver
controller 32. The power down indication may be applied to the controller 32 from an external
source such as a personal computer in which the transceiver is included; it may be generated
within the transceiver itself as a result of monitoring the input buffer 18 and determining that no
data has been applied to it for a given time interval or that the buffer has not been filled despite
passage of a symbol time; it may be responsive to a power down command from the CO
transceiver; or it may be generated in response to other conditions.

Considering for the moment the first two cases, the CPE transceiver responds to the
indication by transmitting to the CO transceiver an “Intend To Enter Sleep Mode” notification
(step 82). This notification indicates that the transceiver is about to undergo a change of state,
and may take any of a variety of forms; preferably it is a message, but may also comprise a tone,
an inverted sync signal, a flag, or even the cessation of data transmission itself. The notification
may advantageously be transmitted over one of the embedded operations channels of the system.
It provides the CO transceiver an opportunity to prepare itself to enter sleep mode, and also to
signal the CPE transceiver if entrance into sleep mode is not appropriate or desirable at the
particular moment.

If entrance into sleep mode is permissible at this time; the CO transceiver responds to the
power down or idle signal by transmitting an “Acknowledge Sleep Mode” notification (step 84)
to the CPE transceiver. This and subsequent notifications described in connection with the sleep
or idle mode may similarly take any of a variety of forms such as described above for the “Intend
To Enter Sleep Mode” notification, but again preferably is in the form of a message transmitted
over an embedded operations channel.

After it has received acknowledgment from the CO transceiver, the CPE transceiver
transmits an “Entering Sleep Mode” notification (step 86) to the CO transceiver and ceases
transmission, either immediately or after a given number of frames. The CO transceiver detects
this notification; transmits its own “Entering Sleep Mode” notification (step 88); and enters sleep
mode (step 90). In pursuance of this, the CO transceiver stores its state in its own state memory
corresponding to the state memory 36 of CPE transceiver 10. The state of the CO or CPE

transceivers preferably includes at least the frequency and time-domain equalizer coefficients
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(FDQ; TDQ) and the echo-canceller coefficients (ECC) of its receiver portion and the gain of its
transmitter portion; the transmission and reception data rates; the transmission and reception
coding parameters; the-transmission fine gains; and the Bit Allocation Tables. The CO
transceiver continues to advance the frame count and superframe count during the period of
power-down in order to ensure synchrony with the remote CPE transceiver when
communications are resumed. In order to maintain synchronization during the power down or
idle state, the CO transceiver continues to transmit to the CPE transceiver the synchronizing pilot
tone 62a. It may, at this time, perform its own power reduction. In particular, it may reduce or
cut off power to the digital modulator/demodulator portions of its transmitter and receiver
sections (corresponding to the IFFT 20 and FFT 56 of the CPE transceiver, Fig. 1); this provides
a significant power reduction. Further, it may reduce power to parts of the analog circuitry.
Power will be maintained, of course, to at least that portion of the analog driver circuitry which
transmits the pilot tone and other control signals to the CPE transceiver, and to line circuits
required to monitor the line 14 for signals from the CPE transceiver.

In a central office, the rest of the equipment is still operating, and while the link between
the CO transceiver and the CPE transceiver is in a sleep state, user data provided by the CO
transceiver will be benign idle data such as ATM IdleCells or HDLC Flag octets, and not
generate false data errors to other equipment.

In response to the “Entering Sleep Mode” notification from the CO transceiver, the CPE
transceiver enters the sleep mode (step 92). In particular, it stores its state (step 94) in state
memory 38; as noted above in connection with the CO transceiver, this includes preferably at
least the frequency and time-domain equalizer coefficients (FDQ; TDQ) and the echo-canceller
coefficients (ECC) of its receiver and the gain of its transmitter; the transmission and reception
data rates; the transmission and reception coding parameters; the transmission fine gains; and the
Bit Allocation Tables. The phase and frequency offset of the phase-locked loop 62 is maintained
by continued operation of the loop. The CPE transceiver 10 then reduces power to the digital
modulator/demodulator circuitry comprising IFFT 20 and FFT 56, as well as to and transmitter
data line drivers 26. However, it continues to advance the frame counter 34 in accordance with
the received synchronizing signal 62a. However, the CPE controller 32 now causes this signal to

be applied to the PLL 62 from the output of the ADC 52 (Fig. 1) via the detector 64, which
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implements the DFT of a single tone, instead of directly from the output of the FFT 56 as was
previously the case. This enables the FFT 56 to be powered down. The CPE and CO
transceivers then operate in sleep mode (steps 95 and 97, respectively) until they awaken.

During the sleep mode state, the CO transceiver continues to monitor (step 90) the data
subscriber line 14 for an “Exiting Sleep Mode” signal from the CPE transceiver (step 96). The
CPE transceiver transmits this signal when its controller receives an “Awaken” indication (step
98) from an external source such as a computer in which it is installed or from other sources, or
when its controller detects the presence of new data in the input buffer 18. In response to the
“Awaken” signal, the CPE transceiver retrieves its stored state from the state memory 38;
restores full power to its circuitry; and restores the output of the FFT 56 to the input of the PLL
62 (step 96). The CO transceiver, on detecting the “Exit Sleep Mode” notification from the CPE
transceiver (step 99), thereupon exits sleep mode by restoring its state and restoring power. On
waking up from sleep mode, the CPE transceiver can begin transmitting immediately or after
only a few frames delay, since it need not repeat the initialization that was earlier required to
establish the requisite parameters (e.g., frequency and time-domain equalizer coefficients (FDQ;
TDQ, echo-canceller coefficients (ECC), transmitter gains; transmission and reception data rates;
transmission and reception coding parameters; transmission fine gains; and Bit Allocation
Tables) required for reliable communications. The same is true for the CO transceiver.

The present invention enables rapid resumption of transmissions, whether recovering
from a power down or from an enforced idle condition due to temporary unavailability of
processor resources in the case of an embedded transceiver, i.e., a transceiver implemented
largely software and sharing CPU processing power with the other applications which may from
time to time divert CPU resources from the transceiver. In particular, the transceiver of the
present invention is capable of recovering full data transmission capabilities within a period of a
few frames.

On resuming communication, it may be desirable for the CPE transceiver to transmit
several frames of test (known) data (step 100) before resuming transmission of user data. This
enables the system to verify that system conditions have not changed so significantly as to
require renewed initialization. If the CO transceiver receives these without error, it notifies the

CPE transceiver (step 102) and the latter resumes full user data transmission (step 104 and 106).

11
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Otherwise, reinitialization must be performed (steps 104 and 108) before user data transmission
occurs. A similar procedure may be employed for the transmission by the CO transceiver, and
need not be described in further detail.

It will be understood that the order of certain of the steps described above may be
changed, and that some steps may be omitted or added. For example, instead of initiating sleep
mode at the CPE transceiver as shown in Figure 2, the CO transceiver may initiate sleep mode.
In such a case, the flow of notifications will be as shown in Figure 2, but with the positions of
CO and CPE transceivers reversed. Further, in some cases it may be desirable to omit the
preparatory notifications of steps 82 and 84 and commence entrance into sleep mode as at steps
86 and 88. This will speed entrance into sleep mode, but is more prone to error.

It should also be understood that it is possible, and in various circumstances may be
desirable, to operate in a “partial” sleep mode, in which only part of each transceiver is powered
down. For example, where data transfer is one-way (when, for example, receiving video at the
CPE transceiver from the CO transceiver without any upstream data being sent in return to the
CO), the CO receiver and the CPE transmitter may operate in the sleep mode, while the CO
transmitter and the CPE receiver are operating in full power mode.

As noted earlier, it is possible to implement major portions of the CPE and CO
transceivers in software. In some applications, a dedicated CPU will be used for this purpose; in
others, the CPU will be shared with other applications. Even when the sleep mode power
conservation procedures described above are not necessary, when the transceivers are
implemented in a shared-CPU environment, it may often be necessary to enter an idle mode that
is similar to the sleep mode described above in order to maintain synchronization between the
transceivers whenever the CPU is unable to service the transceivers. This is accomplished in
accordance with the present invention by providing an Interface Transmission Unit (ITU)
between the CPU and the data subscriber line which generates an idle indicator whenever the
CPU is unavailable for servicing the transceiver which and transmits it to the remote transceiver
to maintain the latter in synchronism with the former.

In particular, referring now to Figure 3, an Interface Transmission Unit (ITU) 200 in
accordance with the present invention is interposed between a CPU 202 and the data subscriber

line 14. The unit 200 includes a PCI bus interface 204, a data buffer 206, an analog-to-digital
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and digital-to-analog converter 208, a controller 210, an idle indicator generator 212, and an
analog front end 214.

In normal operation, the CPU passes data and control signals to the ITU 200 via the bus
interface unit 204. Data from the CPU that is to be transmitted over the line 14 is stored in the
buffer 206 and passed through the digital-to-analog converter portion of unit 208 for application
to the line 214 through the analog front end. Conversely, data that is received from the line 14 is
passed through the digital-to-analog converter portion of unit 208 to the buffer 206 and thence to
the CPU 202 via the interface 204. The CPU processes the data flowing in the different
directions in the manner illustrated in connection with Figure 1, i.e., it performs the requisite
IFFT and FFT transforms on the data as appropriate. The idle indicator generator 212 may be
inactive in this state.

When the CPU must divert its resources elsewhere for servicing applications having
higher priority at the moment, the controller 210 activates the idle indicator generator 212 which
generates a synchronous idle indicator symbol for transmission to the other transceiver with
which the present transceiver is communicating. For example, the CPU may affirmatively notify
the controller 210 that this is about to occur. Alternatively, the controller may monitor the buffer
206 and note its filling with data by the CPU has been interrupted for some time period. The idle
indicator symbol is preferably of the same duration as a data frame, so that the remote
transceiver can process it in the normal manner. However, it must be distinct from any valid
data frame so that it can be detected and distinguished without ambiguity. It may comprise a
tone, a collection of tones, a collection of tones modulated by bits, with similar of different
phases, an inverted sync signal, or even the absence of signal. The CO transceiver responds to
receipt of the idle symbol by itself transmitting idling data to the network or other devices with
which it is connected so that erroncous data will not be transmitted. When the CPU returns to
servicing its associated transceiver, the idle generator 212 suspends operation, preferably on
command of the controller 210.

Even when the transceiver is not implemented as part of the shared resources of a CPU, it
may nonetheless be beneficial to transmit an idle signal as described above when the transceiver

is in sleep mode. This minimizes the likelihood that erroneous data may be emitted, for
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example, to a network by a CO transceiver when a CPE transceiver with which it is
communicating is in sleep mode.

From the foregoing, it 'will be seen that we have provided a multitone transceiver system
that capable of operating wholly or partially in a sleep mode, both for purposes of power
conservation as well as to accommodate itself to integration with, or incorporation into,
computer systems having a power conservation mode. The transceiver system also is adapted to
implementation in software under circumstances where the CPU on which the software runs is
shared with other applications which may sometimes preempt resources needed for the

transceiver.
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ABSTRACT OF THE DISCLOSURE

A multicarrier transceiver is provided with a sleep mode in which it idles with reduced
power consumption when it is not needed to transmit or receive data. The full transmission and
reception capabilities of the transceiver are quickly restored when needed, without requiring the
full (and time-consuming) initialization commonly needed to restore such transceivers to

operation after inactivity.
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Power saving arrangement and method in portable cellular telephone system.
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BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention generally relates to a power con-
serving arrangement for, and a method of, minimizing
battery power consumption during stand-by operation
of a portable, battery-operated, mobile station and,
more particularly, a cellular telephone in a cellular
telephone system.

2. Description of Related Art

A typical cellular telephone system includes a
plurality of base stations or towers, each serving a
pre-assigned geographical cell or region. Each base
station transmits messages tc a multitude of mobile
stations, e.g. cellular telephones, in its region. Each
telephone includes a transceiver and a decoder under
microprocessor confrol.

During a stand-by mode of operation, each tele-
phone waits to receive a telephone call. The message
transmitted by a respective base station may be a so-
called "global" message intended for all telephones,
or, most frequently, an individual message intended
for just one specific telephone. Hence, the individual
message contains a unique mabile identification num-
ber (MIN), i.e. the telephone number. Each telephone
has its unique MIN pre-stored in an on-board memory.

Many messages are transmitted by a respective
base station and, of all those many messages, only a
very small amount, if any, are intended for a particular
telephone. Nevertheless, each telephone, during the
stand-by mode of operation, continuously receives
and decodes all messages transmitted by the respec-
tive base station until the decoder of a particular tele-
phone recognizes its MIN, after which, the telephone
operates in a talk (call in progress) mode. The tele-
phone transmits and receives data, including voice
data, to and from the base station in the talk mode.

It will be seen that conventional cellular tele-
phones in current use consume electrical power in
bath the talk and the stand-by modes. In current port-
able battery-operated telephones, the on-board bat-
tery typically has a working lifetime of approximately
8 hours in the stand-by mode, and about 1-2 hours in
the talk mode. The battery must then be re-charged or
replaced to continue telephone service. A major elec-
trical current consumer on-board the battery-operated
cellular telephone during the stand-by mode is the
receiver section of the transceiver which, as previ-
ously described, is continuously on while the tele-
phone is waiting to decode its MIN. The
microprocessor and other electronic components on-
board the telephone are also energized during the
stand-by mode and additionally contribute to current
drain on the battery. The need to increase the battery
working lifetime between re-charges and/or battery
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replacement is self-evident.

To aid in understanding the invention described
herein, a brief review of the prior art structure of the
message transmitted by the base station during
stand-by operation is presented. The message is a
digital stream of bits, and may have obe or more
words. Usually, a message includes two words. FIG.
1 schematically shows the prior art structure of each
word of the message. Each word contains forty bits.
The first twenty-eight bits are message data contain-
ing, among other things, the MIN and/or a global mes-
sage and/or a channel assignment message, etc. The
last twelve bits are a sequence or parity field of check
bits (BCH) and is a block code parity check sum. The
BCH parity field confirms that the message data in the
first twenty-eight bits were correctly received.

To overcome the problem of messages that are
sometimes lost by rapidly changing radio signals,
each word of the message is transmitted from the
base station to each portable telephone five times.
For a message to be validated, each word must be
correctly received at least three out of the five times
before the telephone will respond to the message. In
addition, to compensate for burst errors, words are
interleaved and transmitted in a format based on
whether the MIN is odd or even.

FIG. 2 schematically shows the prior art structure
of the interleaved format wherein each word A (desig-
nated for even telephone numbers) and each word B
(designated for odd telephone numbers) is repeated
five times and, for each repetition, the even word A is
alternated with the odd word B. In addition, FIG. 2
shows a dotting sequence D which is a sequence of
ten bits that advises the telephone that a synchroni-
zation word S is coming. The dotting sequence pro-
duces a 5 kHz frequency signal which is a precursor
and a gross indicator that a message is about to start.
The synchronization word is a sequence of eleven
bits, and includes a synchronization pattern by which
an internal clock of the telephone is synchronized to
the base station transmitter.

Also imposed on the message data stream are
busy-idle bits which are schematically shown in FIG.
3. A busy-idle bit is sent every ten bits of the message
to indicate the status of the system channel. If the bu-
sy-idle bitis setto logic 1, then the channel is not busy.
If the busy-idle bit is set to logic 0, then the channel
is busy. The data rate for transmitted bits is 10 kbps.
Hence, as shown in FIG. 2, 463 bits are transmitted
in 46.3 msec, and is the total time in which one odd
and one even word is transmitted five times in an inter-
leaved format.

As previously noted, a message may, and typi-
cally does, contain more than one word. When this
happens, each word also advises the on-board micro-
processor that more words for the complete message
are coming.

FIG. 4 schematically shows the prior art structure
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and duration of a complete message that consists of
two words wherein word C is the second word of the
message for an even telephone number which had
word A as the first word, and wherein word D is the
second word of the message for an odd telephone
number which had word B as the first word. A two-
word message takes 92.6 msec to be completely
transmitted.

SUMMARY OF THE INVENTION

1. Objects of the Invention

It is a general object of this invention to advance
the state of the art of cellular telephone systems.

Itis another object of this invention to increase the
battery working lifetime between recharges and/or
battery replacement in cellular telephone systems.

Another object of this invention is to prolong the
working lifetime of portable, battery-operated, cellular
telephones in the stand-by mode.

A further object of this invention is to substantially
reduce power consumption in such portable cellular
telephones.

2. Features of the Invention

In keeping with these objects, and others which
will become apparent hereinafter, one feature of this
invention resides, briefly stated, in a power conserv-
ing arrangement for, and a method of, minimizing bat-
tery power consumption at one mobile station,
particularly a portable, battery-operated cellular tele-
phone, during a stand-by mode of operation in which
messages transmitted by a base station of a system,
particularly a cellular telephone system, are received
by on-board receiver means at the cellular telephone.

The invention comprises detector means for
detecting when a transmitted message received by
the receiver means at the telephone is intended for
another station in a non-calling state. In response to
detection of the non-calling state, this invention prop-
oses the use of power conserving means operative for
reducing battery power to at least one on-board elec-
tronic means at the telephone. The battery power
reduction is maintained by the power conserving
means for a time period whose duration lasts until
another transmitted message is expected to be
received by the receiver means at the telephone.

The power conserving means includes control
means, preferably a control switch switchable be-
tween a pair of switching states in which battery power
is supplied and denied,respectively, to one or more of
the various electronic means at the telephone. Battery
power may be supplied or denied to the aforemen-
tioned receiver means, or a powered display means,
or a microprocessor which controls overall operation
of the telephone. The various electronic means can
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be simultaneously or sequentially supplied or denied
battery power.

The control switch is switchable between its
switching states by a settable stand-by timer means
under the control of the microprocessor. The microp-
rocessor determines the aforementioned time period
between successive messages, and sets the timer to
generate a timer output signal for controlling the con-
trol switch upon elapse of said time period. A memory
store and an address store may be used for storing
data and addresses, respectively, of data needed by
the microprocessor to resume operation in the event
that the latter is de-energized during the stand-by
mode. Hence, when the detector means determines
that a given word of a transmitted message is not
intended for a particular telephone, the microproces-
sor can determine the amount of time until the next
word is expected to be received. The receiver means
is de-energized during this time period. Since the
receiver means is a major electrical current con-
sumer, a substantial reduction of power consumption
atthe telephone is obtained. Additional power savings
can be obtained by de-energizing other electronic
means at the telephone. The receiver means, as well
as the other electronic means, are re-energized upon
the elapse of said time period. The microprocessor
sets the stand-by timer means for this time period.

The duration of the time period is variable, and
depends upon when the first word of a message is
confirmed as being intended for another telephone.
This could occur at the first, second, third, fourth or
fifth repetition of the word.

The novel features which are considered as
characteristic of the invention are set forth in particu-
lar in the appended claims. The invention itself, how-
ever, both as to its construction and its method of
operation, together with additional objects and advan-
tages thereof, will be best understood from the follow-
ing description of specific embodiments when read in
connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of the struc-
ture of a word transmitted in a cellular telephone
system according to the prior art;

FIG. 2 is a schematic representation of the struc-
ture of an add word and an even word transmitted
in an interleaved format in a cellular telephane
system according to the prior art;

FIG. 3 is a schematic representation of a portion
of a word of a message specifically showing bu-
sy-idle bits imposed on the data stream according
to the prior art;

FIG. 4 is a schematic representation of the struc-
ture of a two-word message transmitted by a cel-
lular telephone system according to the prior art;
FIG. 5 is an electrical schematic diagram of a
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power conserving arrangement for minimizing
battery power consumption in accordance with
this invention; and

FIG. 6 is a flow chart depicting the operation of a
transceiver microprocessor used in the power
conserving arrangement in accordance with this
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to FIG. 5, reference numeral 100
generally identifies a programmed transceiver micro-
processor for controlling operation of a portable, bat-
tery-operated cellular telephone. The structure and
operation of the microprocessor 100 are well known
in the art. For example, the entire contents of The Bell
System Technical Journal, Vol. 58, No. 1, January
1979, are hereby incorporated herein by reference.

The operation of the microprocessor is schemati-
cally shown in flow chart form in FIG. 6. As previously
described, during the stand-by mode, the microp-
rocessor 100 is programmed to wait for the dotting
sequence D (block 200), to thereupon time align with
the synchronization word S (block 202), and there-
upon to receive and decode the first reception of the
first word of the message (block 204), i.e. word A1 for
an even MIN, or word B1 for an odd MIN. After the first
reception of the first word is decoded, the parity field
is checked (block 206) to validate whether the word
A1 or B1 was correctly received and decoded. If the
parity field does not validate the decoding of the first
reception of the first word, then the microprocessor
100 receives and decodes the second reception of the
first word (block 208), i.e. A2 or B2. In analogous man-
ner, the reception and decoding of the third, fourth and
fifth receptions of the first word continue until the
parity field validates the reception and decoding of a
word.

As soon as the parity field has validated the
decoding of a received word, then the incoming MIN
of the received word (MIN,) is compared (in block 210)
to a pre-stored MIN (MIN;) of the telephone. If a match
is made, then the telephone executes the message
(block 212). If a match is not made, then the microp-
rocessor 100 next checks to see if the incoming mes-
sage is a global message intended for all telephones
(block 214). If the incoming message is not a global
message, and if the match between the incoming MIN
and the pre-stored MIN is not made, then the microp-
rocessor knows that the incoming message is not
intended for this particular telephone and, in fact, is
intended for some other telephone. The detection of
this "non-calling" state is the triggering event
employed by the power conserving amangement of
this invention to conserve battery power by reducing,
and preferably interrupting, battery power to one or
more electronic components, Particularly the receiver
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circuit of the transceiver, at the telephone. As des-
cribed below, power reduction or interruption is main-
tained for a time period of variable duration which
begins upon the first validation of a word, and which
expires when the next transmitted message is expec-
ted to be received.

Returning to FIG. 5, the microprocessor 100 is
operatively connected to a settable stand-by timer
102. Advantageously, the timer is a CMOS timer
which can be obtained from Exar Corporation as
Model No. XR2206. A short-term memory store 104 is
operatively connected to the microprocessor 100 by
read line 106 and write line 108. The memory store
104 is operative for storing data from the microproces-
sor. An address decoder 110 is operatively connected
to the microprocessor by an address bus 112, and is
also connected to the memory store 104 by an
address line 114. The address decoder 110 stores the
addresses of the data stored in the memory store 104.
A bi-directional data bus 116 interconnects the micro-
processor 100, the stand-by timer 102 and the mem-
ory store 104.

The stand-by timer 102 is connected to the
address decoder 110 by an activate line 118, and is
also connected to the microprocessor via a control
halt line 120.

The timer 102 has at least one timed output line
and, as shown in FIG. 5, a pair of timed output lines
122, 124. Output line 122 is connected to a control
switch 126 operatively connected between a battery
128 and the receiver section 130 of the transceiver.
Output line 124 is connected to a control switch 132
operatively connected between the battery 128 and
another electronic component at the telephone, e.g. a
powered display 134.

Returning to FIG. 6, as soon as the microproces-
sor has detected the non-calling state, it calculates
the time period until the next word is expected to be
received (block 216). This time period may be calcu-
lated by the following formula:

For telephones that decode even words A,
T = 48.4 msec - 8.8 msec (n) + 46.3 msec (NAWC);
For telephones that decode odd words B,
T =44.0 msec - 8.8 msec (n) + 46.3 msec (NAWC);
wherein n is the number of words that have been
repeated,

NAWC is the number of additional different
words to come, and

T is the time period between transmitted mes-
sages.

The above numerical times are presented for the
specific words and transmission times set forth above
in connection with FIGs. 1-4. Since even words A pre-
cede odd words B, the time period T varies depending
on whether the telephone decodes even words or odd
words.

Hence, the microprocessor has calculated the
time to the next word. It stores necessary operating
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parameters such as the control channel number, the
malfunction timer value, etc. into the short-term mem-
ory store 104 via data bus 116, and into the address
decoder 110 via the address bus 112 (block 218). The
microprocessor then initiates the stand-by timer 102
(block 220) which, in turn, generates a control halt out-
putsignal on line 120 to power down the microproces-
sor during the time period T. The stand-by timer 102
also generates timer output signals on control line
122, 124 to actuate control switches 126, 132 be-
tween its switching states, and either reduces or inter-
rupts battery power from the battery 128 to the
receiver 130 and the powered display 134. The timer
output signals on lines 122, 124 may be either simul-
taneously or sequentially generated. Due to initiali-
zation of displays, data bus devices,and radio
frequency stabilizers, certain electronic components
at the transceiver may be selectively inhibited. Fre-
quency synthesizers, i.e. a radio frequency oscillator,
may require a finite time to stabilize, e.g. on the order
of three msec. Hence, the frequency synthesizer, if
turned off during the stand-by mode, may need to be
activated at least three msec prior to reactivation of all
the other electronic components turned off during the
stand-by mode. In addition, the frequency synth-
esizer, as well as other data dependent devices, such
as a data register, may need to be refreshed with an
initialization sequence after activation.

Upon expiration of the calculated time period
(block 222), the stand-by timer 102 switches the con-
trol switches 126, 132 to their former states in which
power is returned to the receiver 130 and the display
134, as well as the microprocessor 100. This restor-
ation of power (block 224) may be simultaneous or
sequential among the various electronic components.
The data stored in the address decoder 110 and the
memory store 104 is retrieved, and the telephone,
once again, starts the stand-by mode by waiting for
the dotting sequence (block 200).

Hence, one or more electronic components at the
telephone are de-energized between messages. This
saves electrical power since there is no reason for the
receiver, as well as other electronic components at
the telephone, to be energized between messages.
The only component that needs to be energized at all
times is, of course, the stand-by timer 102, but this
component consumes far less power than the
receiver 130, the display 134, the microprocessor
100, as well as any of the other electronic components
at the telephone. For timing accuracy, the on-board
reference clock (crystal oscillator) should never be
de-energized.

Although the above invention has been described
in connection with cellular telephones, it is not inten-
ded to be so limited since the power conserving
arrangement and method of this invention can be
used advantageously with beepers, pagers, and, in
short, any system having multiple mobile stations
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which are self-identifiable upon receipt of transmitted
messages.

The timing calculations set forth above are based
on the U.S.-industry standard set by the Electronic
Industries Association (EIA) and published as EIA-
553, "Mobile Station-Land Station Compatability
Specification, 1990".

Other industry standards can be used. For
example, in Europe, and particularly in the United
Kingdom, the industry standard known as TACS was
published in "United Kingdom Total Access Com-
munications Systems Mobile Station-Land Station
Compatability Specification", Issue 4, August 1989.

In the TACS system, the dotting sequence pro-
duces a 4 kHz frequency signal, and the data rate for
transmitted bits shown in FIG. 3 would be 8 kbps. The
2,463 bits referred to in FIG. 2 would be transmitted
in 57.875 msec. The two-word message referred to in
FIG. 4 would take 115.75 msec.

The aforementioned time period for a TACS sys-
tem may be calculated by the following formula:

For telephones that decode even words A,
T =60.5 msec- 11 msec (n) + 57.875 (NAWC)

For telephones that decode odd words B,

T =55.0 msec- 11 msec (n) + 57.875 (NAWC)

wherein n is the number of words that have
been repeated,

NAWC is the number of additional different
words to come, and

T is the time period between transmitted mes-
sages.

It will be understood that each of the elements
described above, or two or more together, also may
find a useful application in other types of construc-
tions differing from the types described above.

While the invention has been illustrated and des-
cribed as embodied in a power saving arrangement
and methad in portable cellular telephone system, it
is not intended to be limited to the details shown, since
various modifications and structural changes may be
made without departing in any way from the spirit of
the present invention.

Without further analysis, the foregoing will so fully
reveal the gist of the present invention that others can,
by applying current knowledge, readily adapt it for
various applications without omitting features that,
from the standpoint of prior art, fairly constitute essen-
tial characteristics of the generic or specific aspects
of this invention and, therefore, such adaptations
should and are intended to be comprehended within
the meaning and range of equivalence of the following
claims.

What is claimed as new and desired to be protec-
ted by Letters Patent is set forth in the appended
claims.
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Claims

In a system having a base station operative for
transmitting messages to portable, battery-oper-
ated, mobile stations, each having on-board elec-
tronic means including receiver means operative
for receiving the transmitted messages in a
stand-by mode, a power-conserving arrangement
for minimizing battery power consumption at one
mobile station during the standby mode, said
arrangement comprising:
(a) detector means for detecting when a trans-
mitted message received by the receiver
means at said one mobile station is intended
for another station in a non-calling state; and
(b) power-conserving means responsive to
detection of the non-calling state, for reducing
battery power to at least one of the electronic
means at said one mobile station, and for
maintaining the battery power reduction for a
time period whose duration lasts until another
transmitted message is expected to be
received by the receiver means at said one
mobile station.

The arrangement according to claim 1, wherein
the mobile stations are cellular telephones having
unique identification numbers incorporated in the
transmitted messages, and wherein the detector
means is operative for detecting the unique iden-
tification number for the telephone of said one
mobile station in a calling state,and for detecting
other identification numbers intended for other
telephones in the non-calling state; and wherein
the power-conserving means is responsive to
detection of the other identification number for
said telephone.

The arrangement according to claim 2, wherein
the power-conserving means includes control
means operatively connected to said atleast one
electronic means, and operative for controlling
battery power to said at least one electronic
means.

The arrangement according to claim 3, wherein
the control means is a control switch operatively
connected to the receiver means, and switchable
between a pair of switching states in which bat-
tery power is supplied and denied, respectively,
to the receiver means.

The arrangement according to claim 4, wherein
the control switch is also operatively connected to
a powered display means, and respectively sup-
plies and denies battery power to the display
means in the switching states.
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10.

1.

12

13.

14.

10

The arrangement according to claim 3, wherein
the power-conserving means includes settable
stand-by timer means operatively connected to
the control means, and operative for generating a
timer output signal for controlling the control
means upon elapse of said time period.

The arrangement according to claim 8, wherein
the control means is operatively connected to a
plurality of said electronic means, and wherein
the timer output signal simultaneously controls all
said electronic means.

The arrangement according to claim 6, wherein
the control means is operatively connected to a
plurality of said electronic means, and wherein
the timer output signal sequentially controls all
said electronic means.

The arrangement according to claim 86, wherein
the detector means includes a programmed
microprocessor operatively connected to the
stand-by timer means, and operative for setting
the stand-by timer means to generate the timer
output signal upon elapse of said time period,
said programmed microprocessor including
means for determining said time period between
successive messages.

The arrangement according to claim 9, wherein
the control means is a control switch operatively
connected to the programmed microprocessor,
and switchable between switching states in which
battery power is supplied and denied, respect-
ively, to the programmed microprocessor.

The arrangement according to claim 10, wherein
the power-conserving means includes a memory
means for storing data from the programmed
microprocessor, and an address means for stor-
ing addresses of the stored data during said time
period.

The arrangement according to claim 1, wherein
the power-conserving means restores battery
power upon the elapse of said time period.

The arrangement according to claim 12, wherein
the power-conserving means includes means for
initializing data-dependent electronic means prior
to elapse of said time period.

In a cellular telephone system operative for trans-
mitting messages to portable, battery-operated,
mabile cellular telephones, each having on-board
electronic means including receiver means
operative for receiving the transmitted messages
in a stand-by mode, a power-conserving arrange-
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ment for minimizing battery power consumption

at one cellular telephone during the stand-by

mode, said arrangement comprising:
(a) detector means for detecting when a trans-
mitted message received by the receiver
means at said one cellular telephone is inten-
ded for another cellular telephone in a non-
calling state; and
(b) power-conserving means responsive to
detection of the non-calling state, for reducing
battery power to at least one of the electronic
means at said one cellular telephone, and for
maintaining the battery power reduction for a
time period whose duration lasts until another
transmitted message is expected to be
received by the receiver means at said one
cellular telephone.

15. In a system having a base station operative for
transmitting messages to portable, battery-oper-
ated, mobile stations, each having on-board elec-
tronic means including receiver means operative
for receiving the transmitted messages in a
stand-by mode, a method for minimizing battery
power consumption at one mobile station during
the stand-by mode, said method comprising the
steps of:

(a) detecting when a transmitted message
received by the receiver means at said one
mobile station is intended for another station
in a non-calling state; and

(b) reducing battery power to at least one of
the electronic means at said one mobile sta-
tion in response to detection of the non-calling
state, and maintaining the battery power
reduction for a time period whose duration
lasts until another transmitted message is
expected to be received by the receiver
means at said one mobile station.
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Description

Field of the Invention

metric Digital Subscriber Line (ADSL) system in —-.

accordance with the present invention;
FIG. 2 illustrates, in block diagram form, an ADSL
transceiver in accordance with the present inven-

This invention relates generally to communications, 5 tion;
and more particularly, to a transceiver for an asymmet- FIG. 3 illustrates, in partial block and partial logic
ric communication system. diagram form, the ADSL transceiver of FIG. 2 con-
figured to operate at a central office;
Background of the Invention FIG. 4 illustrates, in partial block and partial logic
10 diagram form, the ADSL transceiver of FIG. 2 con-
In order to make high data rate interactive services figured to operate at a remote terminal;
such as video and internet access available to more FIG. 5 illustrates, in block diagram form, the digital
residential and small business customers, high-speed interface of the ADSL transceiver of FIG. 2;
data communications paths are required. Although fiber FIG. 6 illustrates, in block diagram form, the circular
optic cable is the preferred transition media for such 15 echo synthesis module of the ADSL transceiver of
high data rate services, it is not readily available in exist- FIG. 2;
ing communication networks and the expense of install- ~ FIG. 7 illustrates, in block diagram form, the fast
ing fiber optic cabling is prohibitive. Current telephone Fourier transform module of the ADSL transceiver
wiring connections, which consist of copper twisted-pair of the present invention;
media, were not originally designed to support the data 20 FIG. 8 illustrates, in block diagram form, the time
rates or bandwidth required for interactive services such domain equalization module of the ADSL trans-
as video on demand or even high speed internet con- ceiver of the present invention; and
nections. Asymmetric Digital Subscriber Line (ADSL) FIG. 9 illustrates, in block diagram form, the analog
technology has been developed to increase the effec- front-end of the ADSL transceiver of the present
tive bandwidth of existing twisted-pair connections, 25 invention.
allowing “interactive services to be provided without
requiring the installation of fiber optic cable. Detailed Description of the Drawings
Discrete multi-tone (DMT) is a multi-carrier tech-
nique which divides the available bandwidth of twisted- According to the present invention, an ADSL trans-
pair copper media connections into mini-subchannelsor 30 ceiver includes a flexible architecture that allows the
bins. The DMT technique has been adopted in the ANSI ADSL transceiver to be configured through software so
T1.413 standard (ADSL standard). In the ADSL stand- that identical hardware blocks may be used to perform
ard, DMT is used to generate 250 separate 4.3125 kilo- multiple tasks. Thus, the ADSL transceiver may be con-
hertz subchannels from 26 kilohertz to 1.1 megahertz figured through software to operate as either a central
for downstream transmission to an end user. Likewise, 35 office or a remote terminal without requiring a substan-
DMT is used to generate 26 subchannels from 26 kilo- tial amount of added circuitry. Therefore, although the
hertz to 138 kilohertz for upstream transmission by an ADSL standard requires that a transmission data rate at
end user. The asymmetric transmission protocol imple- a remote terminal be significantly lower than a transmis-
mented by the ADSL standard requires a higher rate of sion data rate at the central office, the amount of
data transmission from a central office to a remote ter- 40' processing that is performed at either the central office
minal and a lower rate of data transmission from a end or the remote terminal end is nearly identical. For
remote terminal to a central office. As a result, different example, when the central office end is processing data
processing sequences are required at the remote termi- provided at a high rate in its transmit path, the remote
nal and central office ends. Currently available systems terminal end is processing high rate data in its receive
utilize printed circuit board designs which are config- 45 path. Similarly, when the remote terminal end is
ured to operate as either a central office end or a remote processing data provided at a low rate in its transmit
terminal end and may not be used interchangeably as path, the central office end is processing low rate data in
an opposite end. Thus, because such separate system its receive path. The ADSL transceiver recognizes that
designs are necessary, these separate systems must processing functions in the transmit and receive paths
include separate design overhead, separate data bases 50 of each of the central office and remote terminal ends
and separate firmware files. Furthermore, each of the are similar in nature. Thus, hardware processing cir-
separate data bases, separate designs, and separate cuitry designed to accommodate data transmitted and
firmware files must all be designed, produced, and received at higher data rates may also be used to han-
maintained with finite resources. dle data transmitted at lower rates. Stated another way,
85 an ADSL transceiver according to the present invention
Brief Description of the Drawings recognizes that a particular processing function may be
utilized in either a transmit or receive data path depend-
FIG. 1 illustrates, in block diagram form, an Asym- ing on whether the ADSL transceiver of the present
2
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invention is configured to be the central office or the
remote terminal end.

In the illustrated embodiment, the transceiver archi-
tecture is designed using a digital signal processor
(DSP) core. It should be noted however that other types
of processor cores could also be implemented. Accord-
ing to the present invention, peripheral modules, or
processing elements, of the transceiver communicate
with the DSP processor and are implemented as
peripheral modules to the DSP processor. The DSP
processor may access each of the peripheral modules
through a standard memory read/write operation or
through one of six programmable DMA channels. The
DSP processor core may be implemented as a core of
an DSP56301 single chip DSP, which is available from
Motorola, Inc., of Austin, Texas.

One of the peripheral modules of the transceiver is
a host processor interface which allows an external user
to issue commands to configure the transceiver for
operation as either the central office or the remote ter-
minal. Furthermore, the host interface may also be
accessed by the DSP processor core. It should be
noted that the firmware required for performing process-
ing tasks associated with both the central office and
remote terminal is resident on the single-chip irans-
ceiver implementation of the present invention. The use
of both firmware and the recognition that hardware
resources may be reused allows an ADSL transceiver
according 1o the present invention to selectively transter
data between the hardware resources and allows mem-
ory associated with the transceiver to comply with the
standard set forth in the ADSL standard.

As previously mentioned, the peripheral modules of
the transceiver are designed to be configurable by the
DSP processor core to process tasks as either the cen-
tral office or the remote terminal. One such peripheral
module, a digital interface, must be able to communi-
cate data at both a high rate and a low rate. For a high
rate data path, large memories are required for frame
and constellation buffers used therein. Small memories
are adequate to handle the status storage in a low rate
data path. Therefore, the digital interface of the present
invention includes a single large memory and a single
small memory for a frame buffer, and another large
memory and a small memory for the constellation
buffer. When at the central office, the digital interface
peripheral is configured to have the large memories in
the transmit path and the small memories in the receive
path. At the remote terminal, the configuration is
reversed. A more detailed description of operation of the
digital interface peripheral will subsequently be pro-
vided.

In addition to the digital interface, a hardware fast
Fourier transform (FFT) module is designed to be able
to perform both a fast Fourier transform operation and
an inverse fast Fourier transform operation. When the
transceiver of the present invention is designed to oper-
ate as a central office, it is placed in the transmit path
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and is coupled to telephone line 15, and has an output--
coupled to software filters 22. Both.echo canceller 40
and software filters 22 have outputs coupled to an input
of software FFT 20. Software FFT 20 has an output cou-
pled to low rate digital interface 18. Low rate digital inter-
face 18 is bidirectionally coupled to small memory 14,
and has an output for providing a digital output stream.
Remote terminal 30 includes a software filters block
32, a software inverse fast Fourier transform (IFFT) 34,
a low rate digital interface 36, an analog and line inter-
face 38, an echo canceller 40, a small memory 42, a
large memory 44, a hardware filters block 46, a hard-
ware fast Fourier transform (FFT) 48, and a high rate
digital interface 50. Low rate digital interface 36 receives
a DIGITAL INPUT STREAM. In remote terminal 30, low
rate digital interface 36 is bidirectionally coupled to

- small memory 42, and has an output coupled to soft-

ware IFFT 34. Software IFFT 34 has an output coupled
to both the software filters 32 and echo canceller 40.
Software filters block 32 has an output coupled to ana-
log and line interface 38. Analog and line interface 38 is
bidirectionally coupled to telephone line 15 and has an
output coupled to hardware filters block 46. Both echo
canceller 40 and hardware filters block 46 are coupled
to an input of hardware FFT 48. Hardware FFT 48 has
an output coupled to high rate digital interface 50. High
rate digital interface 50 is bidirectionally coupled to large
memory 44. High rate digital interface 50 provides a
DIGITAL OUTPUT STREAM.

FIG. 2 illustrates an ADSL transceiver 5 in accord-

ance with the present invention. ADSL transceiver Sisa .
single integrated circuit which includes a DSP core 60,
amemory 64, a voltage controlled oscillator (VCXO) 66,
a host processor interface (HPI) 68, a plurality of DSP -
peripherals 69, a digital interface 70, and an analog -
front-end (AFE) 78. Note the terms "analog front end” - -
and "analog and line interface" are used interchangea-
bly in this specification. Digital interface 70 includes a
configuration register 71 storing a control bit 72 labeled
“CONRT". DSP peripherals 69 are hardware peripher-
als including a fast Fourier transform (FFT) module 73,
a circular echo synthesis (CES) module 74, and a time
domain equalizer (TEQ) module 76.

DSP core 60 has an input terminal for receiving a
reset signal labeled "RESET". DSP core 60 is bidirec-
tionally coupled to memory 64 via three dedicated
buses labeled “PDB", “YDB", and “XDB". DSP core 60 is
also bidirectionally coupled to a peripheral bus labeled
“PIO_EB” bus 62. VCXO 66 has an input terminal for
connection to a crystal and receives a signal labeled
"CRYSTAL" thereon. HP! 68 bidirectionally communi-
cates with an external host processor via a port labeled
“CONTROL PORT” and bidirectionally communicates
with digital interface 70. Digital interface 70 bidirection-
ally communicates with external memory via a port
labeled “INTERLEAVER MEMORY PORT" and addi-
tional ports which supply or receive iabeled "DIGITAL
PORTS". DSP core 60 bidirectionally communicates
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with HPI 68, digital interface 70, FFT module 73, CES
module 74, TEQ module 76, and analog front-end 78
via PIO_EB bus 62. Analog front-end 78 provides infor-
mation via a signal labeled “TXA PORT” and receives

Digital interface 70 has an output coupled to gains
block 120 to provide the OUTPUT DATA signal. Gains
block 120 has an output coupled to IFFT module 122.
IFFT module 122 has an output coupled to clipping

information via a signal labeled “RXA PORT". s block 124. Clipping block 124 has an output coupled to
FIG. 3 illustrates, in block diagram form, a configu- FREC 132, CES write 130, and cycle prefix (CP) adder
ration of ADSL transceiver 5 when operating as central and high pass filter 126. CP adder and high pass filter
office 10. When configured as central office 10, ADSL 126 has an output coupled to droop correction filter 128.
transceiver 5 comprises a digital interface 70, a gains Droop correction filter 128 has an output coupled to
block 80, an inverse fast Fourier transform (IFFT) 82,a 10 analog front-end 78. Analog front-end 78 has an input
clip scale 84, a clip filter 85, cyclic prefix (CP) adder 886, for receiving the RXA PORT signal, an output for provid-
a high pass filter/droop correction filter 88, an analog ing the TXA PORT signal, and an output coupled to
front-end 78, a high pass filter 92, a circular echo syn- TEQ/igh pass filter module 136. TEQ/high pass filter
thesis (CES) module 94, an adder 96, an adder 98, a module 136 has an output coupled to high pass filter
time domain equalizer (TEQ) module 100, a fast Fourier 15 and CP strip 138. High pass filter and CP stripper 138
transform (FFT) module 102, a phase detector 104, and has an output coupled to adder 142. CES write 130 has
a frequency domain equalizer (FEQ) 106. Central office an output coupled to CES module 134. CES module
10 also comprises a FREC 81, an IFFT 83, and a scale 134 has an output coupled to adder 142. Adder 142 has
87. an output coupled to FFT module 140. FFT module 140
Digital interface 70 has an output coupled to gains 20 has an output coupled to adder 144. FREC 132 has an
block 80 to provide a signal labeled “OUTPUT DATA". output coupled to adder 144. Adder 144 has an output
Gains block 80 has an output coupled to IFFT 82 and coupled FEQ 146. FEQ 146 has an output coupled to
FREC 81. FREC 81 has an output coupled to IFFT 83. digital interface 70 to provide an INPUT DATA signal.
IFFT 83 has an output coupled to scale 87. Scale 87 FIG. § illustrates digital interface 70 in greater
has an output coupled to adder 98. IFFT 82 has an out- 25 detail. Digital interface 70 generally includes a constel-
put coupled to clip scale 84 and clip filter 85. IFFT 82 is lation circuit 150, a fransmit circuit 166, a receive circuit
coupled to clip scale 84 to implement an IFFT scale fac- 168, and a frame buffer circuit 170. Constellation circuit
tor. Clip scale 84 is coupled to scale 87. An output of clip 150 includes a CONRT bit 72, a multiplexer 156, a mul-
filter 85 is coupled to cyclic prefix adder 86 and CES tiplexer 154, a large memory 158, a small memory 160,
module 94. Cyclic prefix (CP) adder 86 has an output 30 multiplexer 162, and a multiplexer 164. Frame buffer cir-
coupled to high pass filter/droop correction filter 88. cuit 170 comprises a multiplexer 172, a multiplexer 174,
High pass filter/droop correction filter 88 has an output a large memory 176, a small memory 178, a multiplexer
coupled to analog front-end 78. Analog front-end 78 has 180, and a multiplexer 182.
an input for receiving a signal labelled "RXA PORT", an The INPUT DATA signal is provided to a first input of
output for providing a signal labeled "TXA PORT", and 35 multiplexer 156 and a first input of muitiplexer 154. An
an output coupled to high pass filter 92. High pass filter output of transmit circuit 166 is coupled to a second
92 has an output coupled to adder 96. CES module 94 input of each of multiplexers 154 and 156. CONRT bit
has an output coupled to adder 96. Adder 96 has an 72 is coupled to an enable input of multiplexer 154, mul-
output coupled to adder 98. Adder 98 has an output fiplexer 156, multiplexer 162, multiplexer 164, multi-
coupled to TEQ/CP strip module 100. TEQ module 100 40 plexer 172, multiplexer 174, multiplexer 180, and
has an output coupled to FFT module 102. FFT module multiplexer 182. An output of multiplexer 156 is coupled
102 has an output coupled to both FEQ 106 and phase 1o small memory 160. An output of small memory 160 is
detector 104. Phase detector 104 has an output cou- coupled to a first input of each of multiplexers 162 and
pled to analog front-end 78. FEQ 106 has an ouiput 164. An output of multiplexer 154 is coupled to large
coupled to digital interface 70 providing a signal labeled 45 memory 158. Large memory 158 has an ouiput coupled
“INPUT DATA". 1o a second input of each of multiplexers 162 and 164.
FIG. 4 illustrates ADSL transceiver 5 configured to An output of multiplexer 162 provides the OUTPUT
operate as a remote terminal 30. Remote terminal 30 DATA signal. An output of multiplexer 164 is coupled to
comprises a digital interface 70, a gains block 120, an receive circuit 168. Receive circuit 168 is coupled to a
inverse fast Fourier transform (IFFT) module 122, aclip- 50 first input of each of multiplexers 172 and 174. A
ping block 124, a CP adder and high pass filter 126, a FRAME INPUT signal is provided to a second input of
droop correction filter 128, a circular echo synthesis each of multiplexers 172 and 174. An output of multi-
(CES) write 130, an FREC 132, a circular echo synthe- plexer 172 is coupled to small memory 178. An output of
sis (CES) module 134, an analog front-end 78, a time multiplexer 174 is coupled to large memory 176. An out-
domain equalization (TEQ)/high pass filter module 136, 5 put of small memory 178 is coupled to a first input of
a high pass filter and CP stripper 138, adder 142, a fast each of multiplexers 180 and 182. An output of large
Fourier transform (FFT) module 140, adder 144, and memory 176 is coupled to a second input of multiplex-
frequency domain equalizer (FEQ) 146. ers 180 and 182. The output of multiplexer 182 is cou-
a4
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pled to transmit circuit 166. An output of multiplexer 180
provides a FRAME OUTPUT signal.

FIG. 6 illustrates circular echo synthesis (CES)
module 74 in greater detail. CES module 74 includes a
coefficient memory 200, a parameter registers portion
202, a command and status register 204, a decode and
control circuit 206, a present data buffer 208, a subtrac-
tor 210, a subtract terms buffer 212, a past data buffer
214, a process contro! circuit 216, a muitiply and accu-
mulate circuit (MAC) 218, and an output data buffer 220.

PIO_EB bus 62 is coupled to coefficient memory
200, parameter registers portion 202, command and
status register 204, decode and control circuit 2086,
present data buffer 208 and output data buffer 220.
Coefficient memory 200 has an output coupled to MAC
218. Decode and control circuit 206 has an output cou-
pled to each of coefficient memory 200, parameter reg-
isters portion 202, command and status register 204,
present data buffer 208, and output data buffer 220.
Parameter registers portion 202 has an output coupled
to process control circuit 216. Command and status reg-
ister 204 has an output coupled to process control cir-
cuit 216. Decode and control circuit 206 has an output
coupled to process control circuit 216. Process control
circuit 216 has an output coupled to present data buffer
208. Present data buffer 208 has an output coupled to
past data buffer 214 and subtractor 210. Subtractor 210
has an output coupled to subtract terms buffer 212.
Process control circuit 216 has an output coupled to
subtract terms buffer 212 and past data buffer 214. Sub-
tract terms buffer 212 has an output coupled to MAC
218, and an output coupled to output data butfer 220.
Process control circuit 216 has an output coupled to
MAC 218. MAC 218 is coupled to output data buffer
220. Process control circuit 216 has an output coupled
to output data buffer 220.

FIG. 7 illustrates fast Fourier transform (FFT) mod-
ule 73 in greater detail. FFT module 73 comprises areg-
ister decode circuit 300, a command and status register
302, an FFT control circuit 304, an IN register 306, a
transform engine 308, and an out register 310. PIO_EB
bus 62 is coupled to register decode circuit 300, com-
mand and status register 302, IN register 306, and out
register 310. Register decode circuit 300 has an output
coupled to command and status register 302, FFT con-
trol circuit 304, IN register 306, and out register 310. A
plurality of outputs of FFT control circuit 304 are cou-
pled to PIO_EB bus 62. IN register 306 has an output
coupled to transform engine 308. FFT control circuit 304
has an output coupled to out register 310 and transform
engine 308. Transform engine 308 has an output cou-
pled to out register 310.

FIG. 8 illustrates time domain equalization (TEQ)
module 76 in greater detail. TEQ module 76 comprises
a coefficient register 400, an input register 402, a tap
coefficient memory 404, a multiplexer (MUX) 406, a
receive sample memory 408, a multiply-accumulate cir-
cuit (MAC) 410, a process control circuit 412, a decode
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and control circuit 414, output register 416, and a com---
mand and status register 418. PIO_EB bus 62 is cou-
pled to each of coefficient register 400, input register
402, decode and control circuit 414, output register 416,
and command and status register 418. Coefficient reg-
ister 400 has an output coupled to tap coefficient mem-
ory 404. Tap coefficient memory 404 has an output
coupled to a first input of MAC 410. Decode and control
circuit 414 has outputs coupled to coefficient register
400, input register 402, process contro! circuit 412, out-
put register 416, and command and status register 418.
Input register 402 is coupled to MUX 406. Process con-
trol circuit 412 has an output coupled to MAC 410. Com-
mand and status register 418 has an output coupled to
MUX 406, and output register 416. MAC 410 has an
output coupled to MUX 406. MUX 406 has an output
coupled to receive sample memory 408. Receive sam-
ple memory 408 has an output coupled to a second
input of MAC 410.

FIG. 9 illustrates, in block diagram form, analog
front-end 78 of FIG. 2. Analog front-end 78 includes a
register 504, an interpolating filter 500, a modulator
502, a digital-to-analog converter (DAC) 506, an analog
smoothing filter 507, a driver 508, a programmable
equalizer (PEQ) 514, an analog-to-digital converter
(ADC) 512, a decimation filter 513, a register 510, a
voltage controlled oscillator (VCXO) 5§18, a clock block
516, and a register 520. Additionally, analog front-end
78 is coupled to an external circuit comprising an exter-
nal line driver labeled “TXLD"” 604, a hybrid circuit 606,
an attenuator 602, a crystal 600, an inductor-capacitor
high pass (LC HP) filter 608, and a POTS splitter 620.

PIO_EB bus 62 is coupled to registers 504, 510 and
520. PIO_EB bus 62 is also coupled to control register
522. Register 504 has an output coupled to an interpo- .
lating filter 500. Interpolating filter 500 has an ouiput
coupled to modulator 502. Modulator 502 has an output
coupled to DAC 506. DAC 506 has an output coupled to
analog smoothing filter 507. Analog smoothing filter 507
has an output coupled to driver 508. Driver 508 has an
output coupled to TXLD 604. TXLD 604 has an output
coupled to hybrid circuit 606. Hybrid circuit 606 is bidi-
rectionally coupled to LC HP filter 608. LC HP filter 608
is bidirectionally coupled to POTS splitter 620. Hybrid -
circuit 606 also has an output coupled to attenuator 602.
Attenuator 602 has an output coupled to PEQ 514 of
AFE 78. PEQ 514 has an output coupled to ADO 512.
ADO 512 has an output coupled to decimation filter 513.
Decimation fiiter 513 has an output coupled to register
510. Control register 522 has an output coupled to
VCXO register 520 and clock block 516. VCXO register
520 has an output coupled to VCXO 518. VCXO 518 is
coupled to clock block 516, and crystal 600. Clock block
516 has outputs for providing clocks to analog and dig-
ital components labeled "ANALOG CLOCKS” and “DIG-
ITAL CLOCKS", respectively.
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DESCRIPTION OF OPERATION

Referring to FIG. 1, ADSL system 1 illustrates the
required configuration for each of central office 10 and
remote terminal 30. As previously mentioned, when
central office 10 is processing data transmitted at a high
rate in its fransmit path, remote terminal 80 is process-
ing high rate data in its receive path. Similarly, when
remote terminal 30 is processing data transmitted at a
low rate in its transmit path, central office 10 is process-
ing low rate data in its receive path. As functions imple-
mented in hardware are typically executed more quickly
than those implemented in software, for optimal speed,
central office 10 implements selected functions in its
transmit path in hardware when it is transmitting data at
a high rate. Similarly, remote terminal 30 will implement
functions in its receive path in hardware when it is
receiving data transmitted at a high data rate. When
remote terminal 30 is transmitting data at a lower rate,
the functions to be executed in the transmit path may be
implemented in software. As well, central office 10 may
also implement functions in its receive path in software
when data is provided at a lower data rate by remote ter-
minal 30. The use of hardware functions on data paths
having high transfer rates and software functions on
data paths having lower data transfer rates is illustrated
in FIG. 1. There, the desired implementation of central
office 10 and remote terminal 30 are illustrated.

According to the present invention, a single ADSL
transceiver 5 provides a flexible and configurable circuit
which may be programmed to operate as either central
office 10 or remote terminal 30 (as illustrated in FIG. 1).
ADSL transceiver 5 provides hardware processing
resources whose inputs and outputs may be selectively
configured by a user to implement either central office
10 or remote terminal 30 in an efficient manner. Stated
another way, ADSL transceiver 5 may be selectively
configured as either a central office 10 or a remote ter-
minal 30 and is not required to be exclusively one or the
other. This selectivity allows a single integrated circuit to
be designed and manufactured for both CO and RT
equipment.

FIG. 2 illustrates ADSL transceiver 5 in greater
detail. DSP core 60 accesses each of a plurality of
transceiver peripheral modules via PIO_EB bus 62. The
plurality of peripheral modules include host processor
interface (HPI) 68, digital interface 70, FFT module 73,
CES module 74, TEQ module 76, and analog front-end
78. It should be noted that peripherals having additional
functionality may be added as needed and the present
invention is not limited to the particular peripheral mod-
ules disclosed herein. DSP core 60 accesses each
peripheral module through a standard memory
read/write operation or through one of six programma-
ble DMA channels. The DMA channels may be selec-
tively programmed to access each of the plurality of
peripheral modules in a different order as required by
the configuration of ADSL transceiver 5 as central office
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10 or as remote terminal 30. HP1 68 allows an external
user to issue commands to configure transceiver 5 as
either central office 10 or remote terminal 30. Once the
user has configured ADSL transceiver 5 to function as
either central office 10 or remote terminal 30, DSP core
60 selects the appropriate firmware for executing the
desired function from memory 64 via the program data
bus (PDB).

The manner by which transceiver 5 is selected to be
CO or RT may be set by the user through HPI 68, or
may be auto-configured via twisted pair signal 15 in the
manner described in copending application attorney
docket no. SC-90263A. In order to reconfigure trans-
ceiver 5 to operate as either CO or RT, it is necessary to
drive a contro! signal to each affected module. In the
illustrated embodiment, each affected module has a
configuration register which stores the control bit for that
module. In other embodiments, however, the trans-
ceiver may have a global configuration register which
provides the same control signal to each afiected mod-
ule, or other appropriate means such as a dedicated
pin. As an example, FIG. 2 illustrates configuration reg-
ister 71 of digital interface 70. Configuration register 71
stores the CONRT control bit, which when set to a
binary 1, indicates that digital interface 70 is to operate
in central office equipment, and when set to binary 0,
indicates that digital interface 70 is to operate in remote
terminal equipment.

Assume the external-user desires to configure
ADSL transceiver 5 as central office 10. FIG. 3 illus-
trates this configuration in greater detail. It should be
noted that in FIG. 3 all shaded blocks are implemented
as hardware and all unshaded blocks are implemented
as firmware. As previously mentioned, the firmware is
stored in memory 64. Digital interface 70 receives a plu-
rality of serial digital data streams via the plurality of dig-
ital ports. Digital interface 70 provides those tunctions
which are responsible for data transport. Digital data
may be transported on any one of a plurality of program-
mable bearer channels. The plurality of programmable
bearer channels are multiplexed together in a data
buffer where they are synchronized into an appropriate
one of the plurality of programmable bearer channels as
determined by the ADSL standard. The framed data is
then subjected to various operations. The data resulting
from these operations is provided to a constellation out-
put buffer (not shown in detail herein) as a plurality of
complex numbers representing DMT tones. The com-
plex numbers are subsequently transferred via the
OUTPUT DATA signal.

The OUTPUT DATA signal is provided to gains
block 80. Gains block 80 represents firmware which
multiplies the data values transferred via the OUTPUT
DATA signal by a calculated gain value which was previ-
ously computed as the product of three separate values.
A first value used to generate the calculated gain value
is a constellation normalizing constant which scales a
plurality of constellations so that they all have a same
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average energy. A second value is a fine adjustment
gain which is computed during initialization as part of a
bit-loading algorithm. A third value is an equalizer gain
which appropriately scales the carriers of ADSL trans-
ceiver 5 to undo the ripple in an analog pass band. The
constellation normalizing constant and the equalizer
gain are known before initialization begins, and their
product is used at all times. The fine adjustment gain is
included in the gain value once steady state transmis-
sion has begun and is changed only if a bit swapping
operation takes place.

Gains block 80 provides adjusted data to IFFT 82
via a DMA channel of DSP core 60. IFFT 82 corre-
sponds to FFT module 73 of FIG. 2 configured as an
inverse fast Fourier transform. IFFT 82 subsequently
converts the adjusted data values from the frequency
domain to the time domain. Together, clip scale 84 and
clip filter 85 provide the necessary limiting of input data
values to prevent overflow in subsequent operations. It
should be noted that an IFFT scale factor must be pro-
vided to clip scale 84 to calculate the clip scale value.
Cyclic prefix adder 86 adds a cyclic prefix to a frame of
data currently being operated upon. The cyclic prefix
includes the last 32 samples of the frame which is cop-
ied and placed at the beginning of the same frame. The
resuiting frame is stored in memory 64 of ADSL trans-
ceiver 5.

From cyclic prefix (CP) adder 86, the resulting
frame is provided to High pass filter/Droop correction fil-
ter 88. Because ADSL transceiver 5 is functioning as a
central office, the High pass filter/Droop correction filter
88 function is implemented by TEQ module 76 of FIG. 2,
which receives data via the DMA and performs a high
pass filter operation using a biquad filter as well as
droop correction using an FIR filter. TEQ module 76 will
subseguently be described in greater detail in conjunc-
tion with FIG. 8 below. )

High pass filter/Droop correction filter 88 provides
an output to analog front-end 78. This is accomplished
via a third DMA channel of DSP core 60 which moves
the results of the operations executed by TEQ module
76 to Analog front-end 78 which performs a filtering and
a digital-to-analog conversion operation to provide an
analog signal via the TXA PORT. It should be noted that
when ADSL transceiver 5 is configured as central office
10, the ADSL standard requires that transceiver 5 trans-
mit data to the remote terminal at a higher rate than the
remote terminal transmits data back to the central
office. Furthermore, it should be noted that because
data is transmitted at the higher rate, where necessary,
functions to be executed in the transmit path of central
office 10 are implemented as hardware (as indicated by
the shaded boxes).

Analog front-end 78 receives the analog RXA
PORT signal. This analog signal is converted by an ana-
log-to-digital converter and the resulting digital signal is
transferred via a fourth DMA channel to memory 64.
From there, transceiver 5 implements the remaining

0840474A2_|_>

EP O 840 474 A2

10

15

20

25

30

35

40

45

50

55

12

functions of central office 10 in firmware residing in -
memory 64. First, a high pass filter operation 92 is exe-
cuted using firmware. Next, adder 96 preconditions a
resulting signal for the subsequent echo cancellation
operation. Adder 98 then removes an echo from the pre-
conditioned signal. Subsequently, TEQ/CP strip module
100 performs time domain equalization, which shortens
the response of the channel, and removes the cyclic
prefix. FFT module 102 then performs a transiation of
the signal provided by TEQ module 100 from the time
domain to the frequency domain. FEQ 106 subse-
quently performs frequency equalization on the result-
ing signal to generate the INPUT DATA signal. FEQ 106
is implemented to undo any magnitude and phase dis-
tortion the signal may have experienced in the channel.
Digital interface 70 recovers digital data from the INPUT
DATA signal which is further operated upon to provide
data in a framed format. The framed data is subse-
quently demultiplexed and provided to each of the plu-
rality of serial digital data outputs provided by the
plurality of digital ports.

Transceiver 5 also implements a scheme for echo
cancellation. FREC 81 receives the adjusted data pro-
vided by gains block 80 and creates an estimate of the
echo in the frequency domain. IFFT 83 subsequently
converts the estimate from the frequency domain to the
time domain. Scale 87 then scales the time domain esti-
mate of the echo to match the scaling done in the trans-
mit path. Scale 87 provides an estimated echo value.
CES module 94 receives data from clip filter 85 via one
of the DMA channels of DSP 60. CES module 94 corre-
sponds to CES module 74 of FIG. 2. CES module 94
removes the effect of interference in the echo signal.
The cancellation value generated by CES module 94 is -
subsequently subtracted from a filtered receive signal -
provided by high pass filter 92. The estimated echo
value provided by scale 87 is then subtracted using
adder 98.

A signal generated by FFT module 102 is also pro-
vided to phase detector 104. Phase detector 104
derives timing information from a pilot tone of the
receive signal. This information is then used to lock a
sampling clock of the analog-to-digital and digital-to-
analog converters in analog front-end 78.

FIG. 4 illustrates ADSL transceiver 5 configured to
operate as remote terminal 30. When operating as
remote terminal 30, digital interface 70 provides those
functions which are responsible for data transport. Dig-
ital data may be transported on any one of a plurality of
programmable bearer channels. The data values com-
municated by the plurality of programmable bearer
channels are multiplexed together in a data buffer, and
then synchronized into data transmission frames which
comply with the ADSL standard. The framed data is
then subject to various operations. The data resulting
from these operations is provided in a constellation out-
put buffer as complex numbers representing DMT
tones. The complex numbers are subsequently pro-
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vided to gains block 120.

Gains block 120 implements a similar function to
gains block 80 of FIG. 8. Specifically, gains block 120
adjusts the complex numbers provided by the OUTPUT

firmware. The output of high pass filter 138 is stripped of
the cyclic prefix (CP) and provided to adder 142. A
result of adder 142 is provided to FFT module 140. FFT
module 140 performs a time domain to frequency

DATA to generate a plurality of adjusted gain values. 5 domain conversion in hardware. It should be noted that
The adjusted gain values are provided to IFFT module FFT module 140 corresponds to FFT module 73 of FIG.
122. It should be noted that IFFT module 122 is imple- 2. A result of the operation executed by FFT module 140
mented in firmware whereas IFFT 82 of FIG. 3 is imple- is provided to adder 144 via a fourth DMA channel of
mented in hardware. IFFT module 122 is implemented DSP core 60. An output of adder 144 is provided to FEQ
in firmware because when ADSL transceiver 5 is oper- 10 146 which corrects any magnitude and phase distortion
ating as remote terminal 30, the data rate at which it is the signal may have experienced in the channel. The
required to transmit information is slow enough to imple- output of FEQ 146 is then sent to digital interface 70.
ment the transfer function in software. IFFT module 122 Digital interface 70 operates on the input data and pro-
converts the adjusted gain values from the frequency vides it to a frame buffer. The data in the frame buffer is
domain to the time domain. 15 then demultiplexed into the plurality of digital data
Subsequently, the converted values are provided to streams provided by the plurality of digital ports.
clipping block 124. Clipping block 124 limits the output As with central office 10, remote terminal 30 imple-
value to prevent overflow in subsequent operations. The ments an echo cancellation scheme. To implement this
limited values are then provided to CP adder and high scheme, an output of clipping block 124 is converted to
pass filter 126 and prepended with a cyclic prefix (CP), 20 1ihe frequency domain and FREC 132 generates an
and, unlike high pass filter/droop correction filter 88 of echo estimate in response thereto. Additionally, CES
FIG. 8, high pass filter 126 is implemented in firmware. write 130 provides data transferred from memory 64 to
Again, high pass filter 126 is implemented in firmware CES module 134. It should be noted again that CES
rather than hardware because the data transmission module 134 corresponds to CES module 74 of FIG. 2. In
rate required by remote terminal 30 is slow enough to 25 CES module 134, a cancellation signal is calculated for
allow for the use of firmware. The filtered values pro- removing the eftects of interference from the echo in the
vided by high pass filter 126 are subsequently provided receive signal. The cancellation signal is subsequently
to droop correction filter 128. As with high pass filter subtracted from the received signal using adder 142.
126, droop correction filter 128 is implemented as Additionally, the estimated echo value is subtracted
firmware rather than hardware because a lower data 3o from a filtered and demodulated value provided by FFT
transmission rate is used. Droop correction filter 128 module 140 using adder 144.
subsequently provides the corrected, filtered values to
analog front-end 78 via a first DMA channel of DSP core DESCRIPTION OF THE PERIPHERAL MODULES
60. Analog front-end 78 performs a filtering operation
and a digital-to-analog conversion operation to provide 35 Digital interface 70 is illustrated in greater detail in
an analog signal via the TXA PORT. FIG. 5. During operation, a user will write the CONRT bit
An analog signal is provided to analog front-end 78 72 to indicate whether or not ADSL transceiver 5 should
via an RXA PORT. Analog front-end 78 subsequently operate as a central office or a remote terminal. if ADSL
performs an analog-to-digital conversion and provides a transceiver 5 should be operated as a central office,
digital signal to TEQ/high pass filter module 136 via a 40 CONRT bit 72 is set to a logic level 1. When the CONRT
second DMA channel of DSP core 60. TEQ/high pass bit 72 is set to a logic level 1, data transferred via frame
filter module 136 corresponds to TEQ module 76 of FIG input signal is provided to multiplexer 172 and multi-
2. TEQ/high pass filter module 136 performs a time plexer 174. Multiplexer 172 will not pass the information
domain equalization function to shorten a channel to small memory 178. However, multiplexer 174 will
response of the digital input signal. TEQ/high pass filter 45 pass the information to large memory 176. Large mem-
module 136 also performs a high pass filter function. It ory 176 will subsequently provide a corresponding data
should be noted that TEQ/high pass filter module 136 value to each of multiplexer 180 and 182. Again, the
and the high pass filter function implemented therein CONRT bit selectively enables multiplexers 180 and
are implemented in hardware because they are in the 182. When so enabled, multiplexer 182 provides data by
receive path of remote terminal 30. As previously dis- 50 large memory 186 to transmit circuit 166. However, mul-
cussed, the receive path of remote terminal 30 is tiplexer 180 does not output any data. Transmit circuit
required to receive data at a highest data transmission 166 passes the data to each of the multiplexers 154 and
rate. 156. There, the CONRT bit selectively enables each of
An output of TEQ/high pass filter module 136 is pro- multiplexers 154 and 156 to provide data to large mem-
vided to DSP core 60 via a third DMA channel of DSP 55 ory 158 and small memory 160, respectively. Because
core 60. DSP core 60 performs a second high pass filter the CONRT bit is a logic level 1, multiplexer 154 pro-
function in high pass filter 138 and stores a result in vides the access information to large memory 158. Sub-
memory 64. High pass filter 138 is implemented in sequently, multiplexer 162 provides the data output from
8
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large memory 158 as an output data signal. Thus, it is
illustrated that when digital interface 70 is configure by
the CONRT bit 72 to operate as a central office, larger
buffers, large memory 158 and large memory 176, are
utilized along the transmit path which is the path from
FRAME INPUT to OUTPUT DATA because ADSL trans-
ceiver 5 will be required to provide data at a higher
transmission rate and, therefore, enough data must be
buffered to provide the output data signal at the required
transmission rate without waiting. Also, when ADSL
transceiver is configured to operate as the central office,
input data is provided at a slower data rate. Therefore,
only small buffer memories are required and imple-
mented in the receive path of the digital interface, which
is the path from INPUT DATA to frame output of the
present invention. Note that while the digital interface 70
accesses the CONRT bit directly, a different or mirror
control register can reside in a peripheral to avoid
accessing a register over the system bus.

FIG. 6 illustrates, in block diagram form, circular
echo synthesis (CES) module 74 of ADSL transceiver 5
of FIG. 2. CES module 74 performs the time domain
echo cancellation of ADSL transceiver 5. CES module
74 removes the effects of the intersymbol interference
from the echo symbols and makes the echo symbols
look like a circular convolution of the transmitted symbol
and the echo channel response. Creating the circular
convolution is necessary in order to allow further fre-
quency domain echo cancellation to estimate and
remove the echo with simple block arithmetic rather
than long linear convalutions or complex finite impulse
response (FIR) filter operations.

In general, CES module 74 inputs the digital trans-
mit signal and filters this signal in a digital finite impulse
response (FIR) filter. The coefficients of the filter repre-
sent the impulse response of the channel, and are esti-
mated at initialization. The output of this filter is an
estimate of the echo of the transmit signal reflected
back into the received signal. By subtracting the output
of this filter from the received signal, CES module 74 is
able to construct a more accurate representation of the
signal sent by the remote station.

CES module 74 performs different operations
depending on whether ADSL transceiver 5 is configured
as CO or as RT. When configured as RT, CES module
74 interpolates a digital representation of the analog
transmit signal to provide a digital cancellation signal.
When configured as CO, CES module 74 performs a dif-
ferent operation to provide the digital cancellation sig-
nal. In the CO case, CES module 74 receives a digital
representation of the analog transmit signal and deci-
mates said second cancellation signal to provide the
cancellation signal. In either case, transceiver 5 sub-
tracts the cancellation signal from the received signal to
provide a preconditioned version of the received signal
for echo cancellation. The reuse of the same hardware
in CES module 74 between CO and RT mode allows a
significant savings in circuit area.
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In greater detail, CES module 74 is a hardware -
peripheral coprocessor which communicates with DSP
core 60 over PIO_EB bus 62 through decode and con-
trol circuit 206. CES module 74 acts as a slave device
which DSP core 60 is able to read from and write to.
Decode and control circuit 206 decodes a 12-bit
address conducted on PIO_EB bus 62 to recognize
operations that DSP core 60 conducts with CES module
74. When decode and control circuit 206 recognizes an
access from DSP core 60, it provides the contro! signals
to the other internal blocks of CES module 74 which are
necessary to load data into the registers or buffers and
to write data onto PIO_EB bus 62.

Command and status register 204 provides the pri-
mary mechanism for communication between DSP core
60 and CES module 74. Command and status register
204 provides configuration and control bits for CES
module 74 and contains flags that can be read by DSP
core 60. The commands include software reset, CES
enable, cyclic prefix indicator, and enable signals for the
interrupt request that indicates a CES calculation is
done.

Parameter registers portion 202 hold parameters
that CES module 74 uses during its echo cancellation
calculations. The parameters include the amount of
symbol misalignment, the echo channel impulse
response length, and certain boundary values to per-
form the addressing of the data buffers. Parameter reg-
isters portion 202 are loaded during initialization and
remain static during operation of CES module 74. Coef-
ficient memory 200 provides buffering for echo channel
impulse response coefficients. These coefficients are
determined during the initial training period and loaded
into coefficient memory 200 by DSP core 60. CES mod-
ule 74 requires samples of the past, present, and next
transmit symbols in order to perform the time domain
echo cancellation. These samples must be available
during the echo cancellation calculations. These sam-
ples are stored in present data buffer 208 and past data
buffer 214.

Subtractor 210 takes the difference between a sam-
ple in past data buffer 214 and the corresponding sam-
ple in present data buffer 208. The differences, provided
at the output of subtractor 210, are stored in subtract
terms buffer 212. The subtract terms are multiplied by
the estimated echo channel impulse response coeffi-
cients to form the cancellation vector. The multiplication
and summing operation occurs in MAC 218, which does
the actual calculation of the cancellation vector ele-
ments. Each cycle during the calculation, MAC 218
reads a subtraction term from the subtract terms buffer
212 and a corresponding echo channel impulse
response coefficient from coefficient memory 200.

Process control circuit 216 is a state machine con-
troller which coordinates all of the functions in CES
module 74. Process control circuit 216 controls MAC
218, subiract terms buffer 212, and coefficient memory
200, to implement the interpolation or decimation
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required to match transmit and receive sample rates.
When configured as CO, each transmit symbol contains
512 samples plus a 32 sample cyclic prefix, while each
receive symbol contains only 64 samples plus a 4-sam-

bits to adapt the 24-bit quantity to the 20-bit internal
size. Out register 310 provides the output of the trans-
torm operation to DSP core 60. The output data is in the
form of 24-bit fractional two's complement numbers that

ple cyclic prefix. Since CES module 74 generates the 5  represent either time domain samples, or frequency
cancellation vector at the highest rate, it contains 544 domain complex samples. FFT module 73 sets the four
samples. CES module 74 thus decimates the cancella- least significant bits to zero to convert the 20-bit internal
tion vector by a factor of eight to match the receive data size into the 24-bit external format.
sample rate. CES module 74 accomplishes the decima- Transform engine 308 is an arithmetic unit which
tion by discarding seven of every eight elements of the 10 performs arithmetic and logical operations necessary
cancellation vector. Rather than perform all of the calcu- for the FFT and IFFT algorithms. Quadrature amplitude
lations needed for all the elements of the cancellation modulation involves the multiplication of a complex
vector, however, CES module 74 only calculates the phasor x by a sinusoidal medulation function, such as
elements that will be used. the complex exponential. This modulation function is
When configured as RT, each transmit symbol con- 75 called the carrier. DMT modulation extends this process
tains 64 samples plus a 4-sample cyclic prefix. Each by taking a vector of complex phasors and performing a
transmit symbol must be interpolated up to the higher dot-product of these with a vector of evenly spaced car-
rate before the echo cancellation calculation is per- riers. This DMT modulation is then equivalent to the dis-
formed. This is accomplished by inserting seven zeros crete Fourier transform (DFT). The DFT is discrete in
between each transmit data sample. The result is that 20 both time and frequency. Mathematically, the forward
seven of every eight subtraction terms that are gener- complex DFT performs the following calculation:
ated will be zero. Rather than performing the calcula-
tions associated with the subtraction terms which are Xx=8Sx,Wy i [1]
zero, CES module 74 only performs the calculations on
the non-zero terms. 25  where Wy = e72™N N defines the length of the DFT, and
FIG. 7 illustrates, in block diagram form, fast Fourier the summing interval is fromn = 0 to (N - 1).
transform (FFT) module 73 of ADSL transceiver 5. FFT The inverse complex DFT, or IDFT, performs the fol-
module 73 performs forward and inverse transforma- lowing calculation:
tions between the time domain and frequency domain.
These conversions are necessary to form and interpret 30 Xp=(1/N) S X, W nk 21
the complex symbols used in the discrete multi-tone
(DMT) system of ADSL. These transformations are per- where the summing interval is from k= 0 to (N - 1).
formed on the asymmetric data which is transmitted at a FFT module 73 allows configuration as either CO or
high rate from the CO to the RT. Thus, when ADSL RT by recognizing that the same arithmetic hardware
transceiver 5 is configured as CO, FFT module 73 per- 35 can be used to perform the calculations of equations [1]
forms an inverse FFT operation on a digital representa- and [2]. Thus, transform engine 308 includes a register
tion of the analog transmit signal. When ADSL file, separate X and Y random access memories
transceiver 5 is configured as RT, FFT module 73 per- (RAMs), an arithmetic logic unit, a read-only memory
forms an FFT operation on a digital representation of (ROM) for storing parameters, a multiply-and-accumu-
the analog receive signal using the same circuitry. 40 late unit (MAC), a separate accumulator, and a rounding
Command and status register 302 is a unified reg- function which are used commonly when FFT module is
ister for communication between DSP core 60 and FFT configured as either CO or RT, thus saving circuit area
module 73. Command and status register 302 is only and allowing transceiver 5 to efficiently implement both
connected to the GDB portion of PIO_EB bus 62. Con- functions.
trol bits in command and status register 302 are pro- 45 FFT contro! circuit 304 is a state machine which
vided to enable interrupts and DMA requests to DSP controls the operation of transform engine 308 and out
core 60. Interrupts occur for the input ready, output register 310. In addition, if a corresponding enable bit in
ready, and error conditions. DMA requests occur for command and status register 302 is set, FFT control cir-
input and output vector transfer. Command and status cuit 304 provides the interrupt request or DMA request
register 302 also includes bits to indicate the state of 50 1o DSP core 60 via PIO_EB bus 62. FFT control circuit
FFT module 73 to DSP core 60. 304 starts the transform engine after the input vector
IN register 306 is a 24-bit register which receives has been completed. The input vector is received by in
input data from both the Module DMA Data Bus (MDDB) register 306. FFT control then performs the DFT or
and Global Data Bus (GDB) portions of PIO_EBbus 62. IDFT as appropriate on that new vector. Finally, FFT
This input data is in fractional two's complement form 55 control circuit 304 causes the output of transform
that represent either time domain sampiles, or frequency engine 308 to be written into out register 310, and
domain complex samples. In the illustrated embodi- updates command and status register 302, possibly
ment, FFT module 73 discards the four least significant issuing an interrupt or DMA request. FFT control circuit
10
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304 continues this writing sequence until the output vec-
tor is finished, at which time FFT control circuit 304 sig-
nals that the output buffer is ready.

FIG. 8 illustrates, in block diagram form, time
domain equalization (TEQ) module 76 of transceiver 5.
TEQ module 76 includes two flexible filter structures
that can be used to perform a variety of filtering tasks.
When transceiver 5 is configured as CO, TEQ module
76 is placed in the transmit path. DSP core 60 provides
coefficients to TEQ module 76 to configure the FIR filter
to perform roll off compensation for the analog filter. The
FIR filter compensates for the droop in the transmit
spectrum caused by the comb filter in the following dig-
ital-to-analog converter. TEQ module 76 configures the
biquad filter to operate on the output of the FIR filter.
The biguad filter is an IR filter and DSP core 60 config-
ures it to operate as a high-pass filter which limits the
amount of low frequency energy in the transmitied
ADSL signal.

When configured as RT, the FIR filter structure is
used to perform a filtering operation that effectively
shortens the response length of the channel. The short-
ened length is one greater than the length of the cyclic
prefix in order to eliminate intersymbol and intercarrier
interference in the received data. In RT mode, TEQ
module 76 configures the biquad filter to operate on
input data received from DSP core 60. The biquad filter
structure also is used in the receive path to implement
one of the two biquad filters required to remove signal
energy in the POTS (plain old telephone system) fre-
quency band from the received ADSL signal.

Command and status register 418 is a unified reg-
ister for communication between DSP core 60 and TEQ
module 76. Command and status register 418 is only
connected to the GDB portion of PIO_EB bus 62. Con-
trol bits in command and status register 418 are pro-
vided to configure and control the FIR and biquad filters
and contain status flags that can be read by DSP core
60. Control information includes software reset, enable
signals for each filter, enable signals for interrupt
requests or DMA requests to transfer input and output
data, and an enable signal to allow FIR filter coefficients
to be loaded into tap coefficient memory 404.

TEQ module 76 is a hardware coprocessor that
communicates with DSP core 60 over PIO_EB bus 62.
TEQ module 76 acts as a slave device which is read
from and written to by DSP core 60. Decode and control
circuit 414 performs address decoding and handshak-
ing for received commands. When a command has
been decoded, decode and control circuit 414 provides
the control signals to the other blocks of TEQ module 76
to operate in the selected mode. Process control circuit
412 is a state machine controller that coordinates the
functions in TEQ module 76. Process control circuit 412
loads the tap coefficients for the filters, receives the
appropriate input data and loads it into receive sample
memory 408, coordinates the multiply-accumulate func-
tionin MAC 410, and stores the filtered output sample to
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output register 416. =

TEQ module 76 includes several blocks which have
both FIR and biquad filter portions and these separate
portions are noted where appropriate. Input register 402
has a first portion for receiving input data for the FIR fil-
ter, and a second portion for receiving input data for the
biquad filter. For each new sample that DSP core 60
provides to input register 402, TEQ module 76 provides
one filtered output sample to a corresponding portion of
output register 416. A first portion of coefficient register
400 receives and stores an FIR filter tap coefficient
which is thereafter stored in a first portion of tap coeffi-
cient memory 404. A second portion of coefficient regis-
ter 400 receives and stores a biquad filter coefficient
which is thereafter stored in a second portion of tap
coefficient memory 404. These coefficients are deter-
mined during training and in the illustrated embodiment,
tap coefficient memory 404 stores seventeen 22-bit FIR
filter tap coefficients and five 22-bit biquad filter coeffi-
cients. Receive sample memory 408 has a first portion
for storing the 17 most recent samples of data as they
are received at input register 402 for use in the FIR filter,
and a second portion for storing the current sample and
two previously computed intermediate node values for
use in the biquad filter. MAC 410 includes a single mul-
tiply-and-accumulate unit, which first multiplies the FIR
filter coefficients by the corresponding samples and
accumulates the sum of seventeen multiplications
before providing the filtered result to output register 416.
It then multiplies the input data and stored intermediate
data samples by the five biguad tap coefficients in tap
coefficient memory 404, and accumulates these prod-

ucts into the new intermediate and filtered values. The -

result of the biquad filter operation is a filtered sample
which is provided to output register 416.

MUX 406 is selectable between CO and RT mode
to selectively provide alternate sources of input data for
the biquad filter. When the transceiver is in steady state
operation and configured as a CO or an RT, the com-
mand and status register 418 configures MUX 406 to
select the output of the FIR MAC operation to input to
the biquad filter portion of receive sample memory 408.
During training, when configured as RT, the command
and status register 418 configures MUX 406 to select
input data received by the biquad portion of input regis-
ter 402 to input to the biquad filter portion of receive
sample memory 408. The reconfiguration of the source
of input data for the biquad filter allows TEQ module 76
to share resources and transceiver 5 to efficiently oper-
ate as either CO or RT.

FIG. 9 illustrates, in block diagram form, analog
front-end (AFE) 78 of transceiver 5. Analog front-end 78
includes a DAC function which is implemented by inter-
polating filter 500, modulator 502, DAC 506, and analog
smoothing filter 507, for use in the transmit path, and an
ADC function implemented by ADC 512 and decimation
filter 513 for use in the receive path. Analog front-end 78
is selectively configured to operate differently in either
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CO or RT mode because of the asymmetric nature of
the ADSL communication system. There are fwo
aspects of this asymmetric nature.

First, the receive path is relatively high-rate data if
transceiver 5 is configured as RT, but relatively low-rate
data if transceiver 5 is configured as CO. When config-
ured as an RT, the receive path of the transceiver uti-
lizes both second-order stages of the cascaded fourth-
order sigma-delta modulator to convert the analog data

5

modulator with a three-bit quantizer. DAC 506 converts
the 3-bit output of modulator 502 and converts it into an
analog signal. The analog lowpass filter reduces quan-
tization noise which modulator 502 has shifted out of the
passband. Driver 508 is a variable gain driver which in
conjunction with TXLD 604 provides a 20 dBm signal to
a 200 ohm differential resistive load that is the series
connection of 100 ohms of source resistance and 100
ohms of line impedance, assuming a 1:1 transformer is

to digital data, and the entire decimation filter 513 is 710 used.
used to implement a fifth order decimation on the output Attenuator 602 is formed with off-chip discrete ele-
from the modulators. When configured as a CO, the ments and an on-chip variable resistance. The off-chip
receive path of the transceiver utilizes a single second- discrete elements include series 1 kilo-ohm resistors in
order stage of the cascaded sigma-delta modulator to series with positive and negative outputs of hybrid cir-
convert the received analog data to digital data, and 75 cuit 606, and a 120 nano-farad capagcitor in series with a
only a portion of the decimation filter 513 is used to 20 milli-Henry inductor connected between the positive
implement a third-order decimation on the output from and negative outputs. The on-chip resistance can pro-
the modulators. vide values of open, 10.6kQ, 4.8kQ, 3.0kQ, 2.0k, . . .,
Second, the RT transmitter requires a different 200Q, to produce attenuation of 0dB, 1.5dB, 3dB, . ..,
interpolator than the CO transmitter. As such, the con- 20  21dB with the external 1KQ resistor pair. PEQ 514 is an
figuration register value CONRT is used to determine analog filter which provides a variable gain and provides
what interpolation order should be used. In one embod- a zero in the transfer function if the appropriate bit in
iment, an interpolation order of three is used when in control register 522 is set.
CO mode, and an order of five is used when in RT ADO 512 is a multi-bit, fourth-order sigma-delta
mode. In addition, it would be understood by one skilled 25 ADC which is a cascade of two single bit second-order
in the art, that the smoothing filter 507 characteristics loops. When transceiver 5 is configured as RT, ADC 512
can vary based on whether operating in RT mode or in uses the whole fourth order modulator, and the output of
CO mode. the two cascaded loops are input to a recombination fil-
Control register 522 is a unified register for commu- ter. When transceiver 5 is configured as CO, however,
nication between DSP core 60 and analog front-end 78. 30 ADC only uses one of the second order loops without
Control register 522 is only connected to the GDB por- the recombination filter. The output of the modulator is
tion of PIO_EB bus 62. Control bits in command and decimated in a 28-bit digital CIC filter, which provides a
status register 418 are provided to select between CO large amount of lowpass filtering. Again in CO mode
and RT modes, to select the oversampling ratio of DAC ADC 512 uses only a portion of the decimator that ADC
506, to configure PEQ 514, to enable a power cut clip- 35 512 usesin RT mode. The decimator converts the one-
ping and impulse approximation clipping algorithms, bit output into 28-bit words, of which the most significant
and to enable low power mode. 24 bits are read by DSP core 60. Register 510 then
VCXO 518 is a pulled-crystal oscillator designed for stores the 24-bit word for subsequent reading by DSP
use with external crystal 600. VCXO 518 has a nominal core 60 via PIO_EB bus 62.
frequency which is set by crystal 600 but the frequency <40 The implementation of the invention described
may be “pulled” higher or lower based on the value herein is provided by way of example only. However,
stored in VCXO register 520. The central office crystal many other implementations may exist for executing the
will lock onto the frequency of the free running crystal at functions described herein. While the present invention
the remote terminal. Thus if transceiver 5 is RT, VCXO has been illustrated and described with reference to
will normally be free running. The output of VCXO 518 45 specific embodiments, further modifications and
is used by clock block 516 to generate both the ANA- improvements will occur to those skilled in the art. For
LOG CLOCKS and the DIGITAL CLOCKS. example, the control signal which configlires peripheral
Register 504 stores an input to the AFE 78. The modules in either CO or RT mode may be received and
interpolator 500 performs a twenty-five times sample stored in a global register and driven to the peripheral
rate increase when in CO mode, and a 200 times sam- 50 modules, received at an input pin and driven 1o the
ple rate increase when configured as an RT. When con- peripheral modules, or stored locally within a control
figured as RT, the interpolator provides a four stage register in each peripheral module. Furthermore, the
cascaded integrated comb (CIC) filter to accommodate type of signal processing functions which are altered
the high filtering requirements of the RT transmitter. depending on the selection as CO or RT may vary from
When configured as CO, the interpolator only provides 55 1the examples cited herein. Also, in an actual embodi-
a second-order CIC filter. Preferably, the interpolator ment different portions of the signal processing function
includes four stages, only two of which are used in CO may be implemented by hardware and firmware. It is to
mode. The modulator is a second order sigma-delta be understood, therefore, that this invention is not lim-
12
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ited to the particular forms illustrated herein and that the 3.
appended claims cover all modifications that do not
depart from the scope of this invention.

The transceiver (5) of claim 2 wherein said digital~-
interface (70) uses a first memory buffer for con-
verting said digital transmit signal into said plurality
of transmit symbols and uses a second memory

Claims 5 buffer which is smaller than said first memory buffer

3NSDOCID: <EP.

A transceiver (5) for an asymmetric communication
system, characterized by:

a transmit port adapted for coupling to an
asymmetrical communication link, said trans-
mit port transmitting data at a first data rate;

a receive port adapted for coupling to said
asymmetrical communication link, said receive
port receiving data at a second data rate;

a signal processor (60, 62, 64, 66, 68, 70, 72,

10

15

for converting said plurality of receive symbols into
said digital receive signal when said control means
indicates said first logic state (CO), and wherein
said digital interface (70) uses said second memory
buffer for converting said digital transmit signal into
said plurality of transmit symbols and uses said first
memory buffer for converting said plurality of
receive symbols into said digital receive signal
when said contro! means indicates said second
logic state (RT).

75, 76, 78) having a data input terminal for 4. The transceiver (5) of claim 1 wherein said signal
receiving a digital transmit signal, a data output processing module comprises a circular echo syn-
terminal for providing a digital receive signal, thesis (CES) module (74) which interpolates a
an input terminal coupled to said receive port, 20 transmit signal representation based on the digital
and an output terminal coupled to said transmit representation of an analog transmit signal to pro-
port, said signal processor (60, 62, 64, 66, 68, vide a cancellation signal when said control means
70, 72, 75, 76, 78) converting said digital trans- indicates said first logic state (CO), and which gen-
mit signal into a digital representation of an erates a second cancellation signal in response to
analog transmit signal having a frequency con- 25 said transmit signal representation and decimates
tent, and converting a digital representation of said second cancellation signal to provide said can-
an analog receive signal into said digital cellation signal when said control means indicates
receive signal according to a frequency content said second logic state (RT), wherein said signal
of said digital representation of the analog processor (60, 62, 64, 66, 68, 70, 72, 75, 76, 78)
receive signal; 30 subtracts said cancellation signal from a receive
said signal processor (60, 62, 64, 66, 68, 70, signal representation based on the digital represen-

72, 75, 76, 78) characterized by: tation of an analog receive signal.
control means (71) for determining 5. The transceiver (5) of claim 1 wherein said signal
whether said first data rate is a first prede- 35 processing module comprises a fast Fourier trans-
termined data rate and said second data form (FFT) module (73) which performs an inverse
rate is a second predetermined data rate, FFT on a first transmit signal representation based
or whether said first data rate is said sec- on the digital representation of an analog transmit
ond predetermined data rate and said sec- signal to provide a second transmit signal represen-
ond data rate is said first predetermined 40 tation based on the digital representation of an ana-
data rate; and log transmit signal when said control means
a signal processing module having an indicates said first logic state (CO), and which per-
input coupled to said control means (71) forms an FFT on a first receive signal representa-
and operable in first and second modes in tion based on the digital representation of an
response to said control means beingina 45 analog receive signal to provide a second receive
first logic state (CO) or a second logic state signal representation based on the digital represen-
(RT), respectively, tation of an analog receive signal when said control

wherein said transceiver (5) is means indicates said second logic state (RT).
selectively operable at either end of said
asymmetrical communication link. 50 6. The transceiver (5) of claim 1 wherein said signal
processing module comprises a filter, wherein
The transceiver (5) of claim 1 wherein said signal when said control means indicates said first logic
processing module comprises a digital interface state (CO) said filter filters a first fransmit signal
(70) which converts said digital transmit signal into representation based on the digital representation
a plurality of transmit symbols at said first data rate, 55 of an analog transmit signal to provide a second
and converts a plurality of receive symbols received transmit signal representation based on the digital
at said second data rate into said digital receive sig- representation of an analog transmit signal, and
nal. wherein when control means indicates said second
13

0B40474A2_I_>

CSCO-1002, Part 1
Page 209 of 591



8.

BNSDOCID: <EP

25 EP 0 840 474 A2 26

logic state (RT) said filter filters a first receive signal
representation based on the digital representation
of an analog transmit signal to provide a second
transmit signal representation based on the digital
representation of an analog transmit signal.

The transceiver (5) of claim 1 wherein said signal
processing module comprises an analog front end
module (78) characterized by:

an interpolator having an input for receiving a
first transmit signal representation based on
the digital representation of an analog transmit
signal, and an output; and
an oversampled modulator having an input
coupled to said output of said interpolator, and
an output coupled to said transmit port,
wherein when said control means indi-
cates said first logic state (CO) said interpola-
tor has a first predetermined order and wherein
when said control means indicates said second
logic state (RT) said interpolator has a second
predetermined order.

A transceiver (5) for an asymmetric communication
system, comprising:

a tfransmit port adapted for coupling to an
asymmetrical communication link, said trans-
mit port transmitting data at a first data rate;

a receive port adapted for coupling to said
asymmetrical communication link, said receive
port receiving data at a second data rate;

an internal bus (62);

a data processor (60) coupled to said internal
bus (62) for accessing memory locations via
said internal bus (62) in response to a program;
a digital interface (70) coupled to said internal
bus (62) which processes a digital transmit sig-
nal into a plurality of transmit symbols at said
first data rate, and processes a plurality of
receive symbols received at said second data
rate into a digital receive signal;

a plurality of signal processing peripherals (73,
74, 76) coupled to said internal bus (62),
wherein said data processor in conjunction with
said plurality of signal processing peripherals
processes said plurality of tfransmit symbols
into a digital representation of an analog trans-
mit signal, and processes a digital representa-
tion of an analog receive signal into said
plurality of receive symbols; and

a control means (71) for indicating whether
said first data rate is a first predetermined data
rate and said second data rate is a second pre-
determined data rate, or whether said first data
rate is said second predetermined data rate
and said second data rate is said first predeter-

0840474A2 | >
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mined data rate;

said control bit further determining a
mode of operation of at least one said digital
inteface (70) and said plurality of signal
processing peripherals (73, 74, 76).

9. The transceiver (5) of claim 8 wherein said data

processor (60) further characterized by:

an analog front end module (78) having an
input terminal coupled to said receive port, an
output coupled to said transmit port, and a bi-
directional terminal coupled to said internal
bus, wherein said analog front end module (78)
processes the digital representation of an ana-
log transmit signal into an analog transmit sig-
nal, and processes an analog receive signal
into the digital representation of the analog
receive signal.

10. The transceiver (5) of claim 8 in which each of said

plurality of signal processing peripherals (73, 74,
76) having a control means for indicating whether
said first data rate is a first predetermined data rate
and said second data rate is a second predeter-
mined data rate, or whether said first data rate is
said second predetermined data rate and said sec-
ond data rate is said first predetermined data rate.
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(54) CLOTHES DRIER

(57)Abstract:

PURPOSE: To provide a clothes drier which allows a user to
know easily a collecting state of waste thread of a waste
thread collecting device, and also, executes simply cleaning,
eliminates extension of a drying time, prevents waste of use
electric power, and improves operability.

CONSTITUTION: An outer frame 1 is provided with an
opening/closing door 2, a waste thread collecting device 4
installed on the inside surface of the opening/closing door 2,
a drying drum 3 contained in the outer frame 1, and a both
blade fan 6, and the opening/closing door 2 is provided with

a door duct 2—1 and its communicating port 2-2 in its inside. ¢

Also, the outer frame 1 is provided with a circulating duct 9
in its inside, and provided with an airtight circulating air
course by heating air which starts from the double—flow
blade fan 6, passes through the drying drum 3, the waste
thread collecting device 4, the door duct 2-1 and its
communicating port 2—2, and a circulating duct 9, and
returns to the double—flow blade fan 6, and the waste thread
collecting device 4 is provided between the drying drum 3 in
the air passage and the door duct 2-1.
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(57)Abstract:

PURPOSE: To attain sure detection and to reduce power
consumption even when an intermittent reception interval of N3
a receiver is extended.
CONSTITUTION: A leader part of a radio signal sent froma .
transmitter is formed to be m—sets of frames comprising ;
blocks with m—bits data strings. A receiver uses a storage
section 5 to store the arrangement state of bits of the
leader part of the radio signal in advance and a control

that no reception is executed before the data part is not
started.

section 4 compares a data content in m—bits to be received R S A

with the storage content when optional consecutive m—bits 7 *“‘e}siﬂ T :

of the leader part are received. Thus, the receiver T :

discriminates a start position of a data part and controls it s
3
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(22)Date of filing : 10.09.1993 (72)Inventor : UEDA KOJI

(54) ADAPTIVE EQUALIZER AND ADAPTIVE DIVERISTY EQUALIZER

(57)Abstract:

PURPOSE: To obtain an adaptive equalizer in which
operating quantity is not remarkably increased and
normalized delay time can be prevented from being
deteriorated compared with bit error rate characteristic in
one symbol and also, characteristic equal to or larger than
that of a conventional equalizer even when Eb/No is small is
provided.

CONSTITUTION: This equalizer is equipped with a decision
feedback type adaptive equalizer 41 and a linear adaptive
equalizer 42 which update the tap coefficient of an
equalization filter part according to tap coefficient update
algorithm, a comparator 47 which compares a value decided
by respective equalized error of each equalizer, and a
means 48 which selects either the equalized output of the
decision feedback type adaptive equalizer or that of the
linear adaptive equalizer, and sets it as the final equalized
output. The difference of equalization characteristic of each
equalizer is compared, and the output with better
equalization characteristic is set as the final equalized
output.
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