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A0 120 (Rev. 08/10)   
 
 
  

   

REPORT ON THE

To Mail Stop 8' Director of the US. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR

Alexandria, VA 22313-1450 TRADEMARK

e with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
District of Delaware on the following

In C0mpIIanC

filed in the U.S. District Court

D Trademarks or 1] Patents. ( C] the patent action involves 35 U.S.C-. § 292.): 
 

  
 

 

  
 
 

 

 

DOCKET NO.
15-CV—516-RGA

PLAINTIFF

TQ Delta, LLC

 
District of Delaware  DATE FILED U.S. DISTRICT COURT7/17/2015

DEFENDANT

Verizon Communications Inc., Verizon Services Corp., Verizon
Online LLC, Verizon Business Network Services Inc, Verizon
Delaware LLC, and Verizon lnformation Technologies LLC

 

 
 

 

  

 
 

 

  
 

 
 

PATENT OR DATE OF PATENT . .TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

In the above—«entitled case, the following patent(s)/ trademark(s) have been included:
INCLUDED BY

  

 
[:1 Cross Bill E] Other Pleading

 

 

   
Amendment El Answer

TRJ:§‘_?§/§Tl3(RNO %’:{T}§RCjfD‘;’:4T:;$ HOLDER or PATENT on TRADEMARK

 
 

In the above—entit1ed case, the following decision has been rendered orjudgement issued:

 
   

(BY) DEPUTY CLERK

Copy 1——Upon initiation of action, mail this copy to 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
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)

US 9,014,243 B2

US 7,835,430 B2

US 8,238,412 B2

US 8,432,956 B2

US 8,611,404 B2
TQ Delta, LLC
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Case 1:15-cv-00615-RGA Document 8 Filed 09/09/15 Page 1 of 2 Page|D #: 262
A0 120 (Rev. U8/l0

REPORT ON THE

T0 Mail Stop 8' Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
ACTION REGARDING A PATENT ORP.O. Box 1450

Alexandria, VA 22313-1450 TRADEMARK
ction has been

§2‘-)0 and/or 15 U.S.C. 9' H16 you are hereby advised that a court a on the followingIn Compliance with 35 U.S.C. District of Delaware
filed in the US. District Court

E] Trademarks or lZPatents. ( E] the patent action involves 35 U.S.C. § 292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT
15—cv-615—RGA 7/17/2015 District of DelawareDEFENDANT

Time Warner Cable inc. and Time Warner Cable
Enterprises LLC

PATENT OR DATE OF PATENT . .TRADEMARK NO. OR TRADEMARK HOLDER OF PATENI OR TRADEMARK

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

DATE INCLUDED INCLUDED BY 1] Cross Bill D Other Pleading9/9/2015 Amendment El Answer

TRJI:’L‘)$1l‘11;IR(1)(RN0 %’}{T,1;'R(fD‘;A1\E§l: HOLDER or PATENT OR TRADEMARK
1 US 9,094,268 B2 TQ Delta, LLC

In the above——entitled case, the following decision has been rendered or judgement issued:

(BY) DEPUTY CLERK

Copy 3——Upon termination of action, mail this copy to Director
Copy 1~Upon initiation of action, mail this copy to Director Copy 4-——Case file copy
Copy 2—Upon filing document adding patent(s), mail this copy to Director
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Case 1:15-cv—O0615-RGA Document 8 Filed 09/09/15 Page 2 of 2 Page|D #: 263

PATENT OR DATE OF PATENTTRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
US 6,961,369 B1 TD
US8,718,158B2 Tilj
US 9,014,243 B2  TQ Delta, LLC
US 7,83 5,430 B2  TQ Delta, LLC
US 8,238,412 B2 
US 8,432,956 B2

US 8,611,404 B2
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Case 6:14—cv-01027—ACC—KRS Document 73 Filed 09/09/15 Page 1 of 1 PagelD 721
A0 120 (Rev. 08/10

REPORT ON THE

.].0_ Mail Stop 8' Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
ACTION REGARDING A PATENT ORP.O. Box 1450

Alexandria, VA 22313-1450 TRADEMARK

ll 16 you are hereby advised that a court action has beenth 35 U.S.C. § 290 and/or 15 U.S.C.§ on the followingIn Compliance wi
Middle District of Florida, Orlando Divisionfiled in the U.S. District Court

:1 Trademarks or M Patents. ( E] the patent action involves 35 U.S.C. § 292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT6:14—cv-1027 6/26/2014 Middle District of Florida, Orlando DivisionDEFENDANT
PLAINTIFI"

Orlando Communications LLC
LG Electronics, lnc., et al

PATENT OR DATE OF PATENT - ,

l 5.687,1296  James Arthur Proctor, Jr., James Carl Otto
2 6,0009,553 12/28/0199 Dennis Martinez, Thomas Hengeveld, Mlchael Axford

In the above~entitled case, the following patent(s)/ trademark(s) have been included:
INCLUDED BY

E] Amendment

PATENT OR HOLDER OF PATENT OR TRADEMARK
TRADEMARK NO.

In the above~entitled case, the following decision has been rendered or judgement issued:
DECISION/JUDGEMENT

Order of Dismissal

CLERK (BY) DEPUTY CLERK DATE V
Sheryl Loesch R. Olsen 9/9/2015

Copy l—Upon initiation of action, mail this copy to 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
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Case 6:14-cv-O1026—ACC-KRS Document 75 Filed 09/09/15 Page 1 of 1 PagelD 749
A0 120(Rev 08/10

REPORT ON THE

TU Mail Stop 8' Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
ACTION REGARDING A PATENT ORP.0. Box 1450

Alexandria, VA 22313-1450 TRADEMARK
on has been

5 U.S.C. § 290 and/or 15U.S.C. § ll16 you are hereby advised that a court acti on the followingIn Compliance with 3
Middle District of Florida, Orlando Divisionfiled in the US. District Court

I:I Trademarks or MPatents. ( El the patent action involves 35 U.S.C. § 292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT6:14—cv-1026 6/26/2014 Middle District of Florida, Orlando DivisionDEFENDANT _
PLAINTIFF

Orlando Communications LLC LG Electronics, lnc., et al

PATENT OR DATE OF PATENT .TRADEMARK N0 OR TRADEMARK HOLDER OT PATENT OR TRADEMARK
1 5,68’/,1296  James Arthur Proctor, Jr., James Can Otto

Dennis Martinez, Thomas Hengeveld, Michael Axford
2 6,0009,553 12/28/0199

In the aboVe—entitled case, theifollowing patent(s)/ trademaIk(s) have been included:

DATE INCLUDED INCLUDED BY [3 Cross Bill E] Other PleadingD Amendment E] Answer

.lR:f3E:];,l;gR?£\,0 %‘;T§‘R(:FDI;§\E§I£ HOLDER or PATENT OR TRADEMARK

In the above—~cntitled case, the following decision has been rendered or judgement issued:
DECISION/J UDGEMENT

Order of Dismissal

(BY) DEPUTY CLERK DATE
R. Olsen 9/9/2015

Copy 5—Upon termination of action, mail this copy to Director
Copy l——Upon initiation of action, mail this copy to Director Copy 4——Case file copy
Copy 2—-Upon filing document adding patent(s), mail this copy to Director
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Case 6:14—cv-01028-ACC-KRS Document 84 Filed 09/09/15 Page 1 of 1 PagelD 790

REPORT ON THE

T0_ Mail Stop 8' Director ofthe U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
ACTION REGARDING A PATENT ORPO. Box 1450

Alexandria, VA 22313-1450 TRADEMARK
has been

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § I116 you are hereby advised that a court action on the following

filed in the U.S. District Court Middle District of Florida, Orlando Division
El Trademarks or MPatents. ( [I the patent action involves 35 U.S.C. § 292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT6:14-cv-1028 6/26/2014 Middle District of Florida, Orlando DivisionDEFENDANT
PLAINTIFF

Orlando Communications LLC HTC Corporation, et al

0. HOLDER OF PATENT OR TRADEMARK
I 5587,1296  James Arthur Proctor, Jr., James Carl Otto
2 6,0009,553 12/28/0199 Dennis Martinez, Thomas Hengeveld, Michael Axford

PATENT OR HOLDER OF PATENT OR TRADEMARK
TRADEMARK

In the above——entitled case, the following decision has been rendered or judgement issued:
DECISION/JUDGEMENT

Order of Dismissal

CLERK (BY) DEPUTY CLERK DATE
Sheryl Loesch R. Olsen 9/9/2015

to Director Copy 3——Upon termination of action, mail this copy to Director
Copy l~Upon initiation of action, mail this copy mail this copy to Director Copy 4——Case file copy
Copy 2——Upon filing document adding patcnt(s),
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Case 1:13-cv-01533-GMS Document 39 Filed 07/17/15 Page 1 of 1 Page|D #: 216

Case 1:13-cv-01533-GMS Document 3 Filed 09/04/13 Page 1 of 1 Page|D #: 29
A0 I20 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 I450 ACTION REGARDING A PATENT OR

Alexand ria, VA 22313-1450 TRADEMARK

In Compliance with 35 U.S.C. § 290 and/or I5 U.S.C. § I I I6 you are hereby advised that a court action has been
filed in the U.S. District Court Delaware on the following

I] Trademarks or HI Patents. ( C] the patent action involves 35 U.S.C. § 292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT
9/4/2013 Delaware

PLAINTIFF DEFENDANT

ROCHE PALO ALTO LLC and WATSON LABORATORIES, INC. — FLORIDA
GENENTECH, INC.

PATENT OR DATE OF PATENT

I 6,083,953 7/4/2000 Roche Palo Alto LLC

2

DATE INCLUDED INCLUDED BY

E] Amendment I] Answer I: Cross Bill CI Other Pleading
PATENT OR DATE OF PATENT

TRADEMARK N0. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

_—
—
—
—
—

In the above—entitIcd case, the following decision hm been rendered orj udgemeni issued:
DECISION/JUDGEMENT

Emm:

CLERK John A Ceiino, Clerk (BY) DEPUTY c RK

United States District Court 4 /,
I ' ' ' _ : o ' g 4"’

Vwlmington. DE 1 801 . , _ _ _ _Copy l—Upon lI'lI iiition of action, mail this copy to Director opy 3——Upon termination ofaction, mail this copy to Director
Copy 2-Upon filing document adding paIent(s), miiil this copy to Director Copy 4——Case file copy
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Case 1:15-cv-12975-WGY Document 2 Filed 07/17/15 Page 1 of 1

Mai] stop 3 REPORT ON THE
Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN

P.0. 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 count action has been

filed in the U.S. District Court Massachusefls on the following G Patents or G Trademarks:

DOCKET NO. DATE 1-'l]7E/'l|]7/2015 U.S. DISTRICT COURT Massachusetts
PLAINTIFF DEFENDANT

BOSTON PROPERTIES LIMITED PARTNERSHIP CLAUDETTE MOUSSA,
dlbla Boston Properties Advisors

——
——
——
——

In the above——cntitled case, the following patent(s)/ trademarl<(s) have been included:
DATE INCLUDED INCLUDED BY

G Amendment G Answer G Cross Bill G Other Pleading

PATELVATRERNO Ié)’;T1‘§R‘3\FD’;E‘1:/fplfgg HOLDER or PATENT on TRADEMARK

_——
——
——
——
——

In the above~—entitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy l~Upon initiation of action, mail this copy to Director Copy I#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
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Case 1:15-cv—00616—RGA Document 3 Filed 07/17/15 Page 1 of 2 PagelD #: 121
A0 120 Rev.O8/TU

Mail Stop 8 REPORT ON THE
Director of the US. Patent and Trademark Office FILING OR DETERMINATION OF AN

P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK

T0:

In Compliance with 35 U.S.C. § 290 and/or 15 USC. § l 116 you are hereby advised that a court action has been

filed in the U.S. District Court District of Delaware on the following

3 Trademarks or MPatents. ( C} the patent action involves 35 U.S.C. § 292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT
7/17/2015 District of Delaware

PLAINTIFF DEFENDANT

TQ Delta, LLC Verizon Communications |nc., Verizon Services Corp., Verizon
Online LLC, Verizon Business Network Services Inc, Verizon
Delaware LLC, and Verizon Information Technologies LLC

PATENT OR DATE OF PATENT , \ . . . . . , . . .

TRADEMARK N0‘ OR TRADEMARK HOLDER OT- PATENT OR TRADEMARK.

1 See Attached

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE TNCLUDED INCLUDED BY

Cl Amendment :1 Answer E] Cross Bill C] Other Pleading
PATENT OR DATE OF PATENT . , ,

TRADEMARK NO. OR TRADEMARK HOLDER OT" PATENT OR TRADEMARK

_
—
—
—

In the abovcwcntitlcd case, the following decision has been rendered orjudgement issued:
DECISION/JUDGEMENT

(BY) I)ET’U'T‘Y CLERK

Copy l—Upon initiation of action, mail this copy to Director Copy 3—L'pon 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
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Case 1:15-cv—OO616—RGA Document 3 Filed 07/17/15 Page 2 of 2 PageID #: 122

PATENT OR DATE OF PATENT .

5 US 8,238,412 B2 8/7/2012 TQ Delta, LLC

6 US 8,432,956 B2 4/30/2013 TQ Delta, LLC

7 US 8,611,404 B2 I2/l7/2013 TQ Delta, LLC
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Case 1:15—cv—OO121—RGA Document 42 Filed 03/13/15 Page 1 of 4 Page|D #: 1558

A0 120 (Rev. 08/10

Mail Stop 3 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

T0:

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § lll6 you are hereby advised that a coun action has been
filed in the U.S. District Court Transferred to Delaware from Alabama on the following

[I Trademarks or MPatenL<. _( I: the patent action involves 35 USIC. § 292.):

DOCKET NO, DATF, FILED U.S. DlS'l‘RlC'l' COURT
15-ev-121-RGA 7/17/2014 Transferred to Delaware from Alabama

PLAINTIFF DEFENDANT

ADTRAN. Inc. TQ Delta, LLC

PATENT OR DATE OF PATENT

TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 See Attachment #1 —
_
-
—
—

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

DATE INCLUDED INCLUDED BY

3/1 3/2015 E] Amendment Z Answer I] Cross Bill C] Other Pleading

TRig£‘§/TRgRNO %’}T§R‘:FD‘;’{E§l: HOLDER or PATENT on TRADEMARK
I See Attachment #2

In the abovegentitled case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

(BY) DEPUTY CLERK

Copy l—Upon initiation of action, mail this copy to Director Copy 3——Upon termination of action, mail this copy to Director
Copy 2—Upon filing document adding patcnt(s), mail this copy to Director Copy 4-——Case file copy
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Case 1:15—cv—00121—RGA Document 42 Filed 03/13/15 Page 2 of 4 Page|D #: 1559

Attachment #1

Patent or Trademark No. Date of Patent or Trademark Holder of Patent or Trademark

1.U.

2.U.

5. 7,453,881 B2 11/18/2008 TQ Delta, LLC

S. 7,809,028 B2 10/05/2010 TQ Delta, LLC

3.U. S. 7,978,706 B2 7/12/2011 TQ Delta, LLC

4.U.S. 8,422,511 B2 4/16/2013 TQ Delta, LLC

5.U.5. 5,445,730 B1 9/03/2002 TQ Delta, LLC

6.U.S. 7,292,627 B2 11/6/2007 TQ Delta, LLC

7.U.

8.U.

5. 7,451,379 B2

S. 7,471,721 B2

11/11/2008

12/30/2008

TQ Delta, LLC

TQ Delta, LLC

9.U.5. 7,570,686 B2 8/4/2009

10. U.S. 7,831,890 B2 11/09/2010

TQ Delta, LLC

TQ Delta, LLC

11. U.S. 7,835,430 B2 11/16/2010 TQ Delta, LLC

12. U.S. 7,836,381 B1 11/16/2010 TQ Delta, LLC

13. u.s. 7,844,882 B2 11/30/2010 TQ Delta, LLC

14.
us. 7§89,734 B2 2/15/2011

15. U.S. 7,925,958 B2 04/12/2011

TQ Delta, LLC

TQ Delta, LLC

16.

17.

U.S. 7,978,753 B2 07/12/2011 TQ Delta, LLC

U.S. 7,979,778 B2 07/12/2011 TQ Delta, LLC

18. U.S. 8,073,041 B1 12/6/2011 TQ Delta, LLC

19. U.S. 8,090,008 B2 1/3/2012 TQ Delta, LLC

20. U.S. 8,218,610 B2 7/10/2012 TQ Delta, LLC

21. u.s. 8,238,412 B2 08/07/2012 TQ Delta, LLC

22. U.S. 8,276,048 B2 3 09/25/2012

23. U.S. 8,355,427 B2 1/15/2013

TQ Delta, LLC

TQ Delta, LLC



Page 14 of 468

Case 1:15—cv—O0121—RGA Document 42 Filed 03/13/15 Page 3 of 4 PagelD #: 1560

. U.S. 8,432,956 B2 4/30/2013 TQ Delta, LLC

. U.S. 8,437,382 B2 5/7/2013 TQ Delta, LLC

. U.S. 8,462,835 B2 6/11/2013 I TQ Delta, LLC
. U.S. 8,495,473 B2 7/23/2013 4 TQ Delta, LLC
. u.5. 8,516,337 B2 O8/20/2013 ‘ TQ Delta, LLC
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Case 1:15—cv—O0121—RGA Document 42 Filed 03/13/15 Page 4 of 4 PageID #: 1561
Attachment #2

PATENT OR DATE OF PATENT



Page 16 of 468

Case 1:14—cv—O0954-UNA Document 3 Filed 07/17/14 Page 1 of 2 PageID #1 592

A0 120 (Rev. 08/10

Mail Stop 8 REPORT ON THE
TO: Director oflhe U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN

1’.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEIVIARK

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

D Trademarks or [Z Patents. I ( E] the patent oction invoTves U.S.C. § é92.):V

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 9 ‘ ‘
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

I See —
W

3
'714

DATE INCLUDED INCLUDED BY
|:] Amendment I:l Answer I] Cross Bill C] Other Pleading

PATENT OR DATE OF PATENT .
TRADEMARK NO‘ OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

In the above—entitIecl case, the following decision has been rendered or judgement issued:

DECISION/JUDGEMENT

(BY) DEPUTY CLERK

Copy 1-Upon initiation of action, mail this copy to 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
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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

L S 8,090,008 B2 1/3/2012 TQ Delta, LLC

US 8,073,041 B1 12/6/2011 TQ Delta, LLC
US 7,292,627 B2 1 1/6/2007 TQ Delta, LLC
LS 7,471,721 B2 12/30/2008 TQ Delta, LLC

US 8,218,610 B2 7/10/2012 T Delta, LLC

US 8,355,427 B2 1/15/2013 TQ Delta, LLC

US 7,453,881 B2 11/18/2008 TQ Delta, LLC
US 7,809,028 B2 10/5/2010 TQ Delta, LLC
LS 7,978,706 B2 7/12/2011

10 US 8,422,511 B2 4/16/2013

US 7,889,784 B2 2/15/2011

S7,835,430 B2 11/16/2010

L S 7,570,686 B2 8/4/2009

S 8,238,412 B2 8/7/2012

LS 8,432,956 B2 4/30/2013

LS 7,451,379 B2 11/11/2008

17 LS 8,516,337 B2 8/20/2013

18 LS 7,979,778 B2 7/12/2011

19 US 7,925,958 B2 4/12/2011

S 8,462,835 B2 6/11/2013

US 8,594,162 B2 11/26/2013

S 7,978,753 B2 7/12/2011

3 S 6,445,730 B1 9/3/2002

24 US 8,611,404 B2 12/17/2013

25 'S 8,437,382 B2 5/7/2013

26 US 7,836,381 B1 11/16/2010

27 US 7,844,882 B2 11/30/2010

28 US 8,276,048 B2 9/25/2012

29 US 8,495,473 B2 7/23/2013

30 LS 8,607,126 B1 12/10/2013

31 LS 7,831,890 B2 11/9/2010

32 L5 8,625,660 B2 1/7/2014

HOLDER OF PATENT OR TRADEMARK

4 °.\lo\U1-h'vJ‘\)’_‘ 
TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

r—l>—I>-—-4>—l -&'~»J!\>'- C:(‘ TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC—-.— ONll‘
4

TQ Delta, LLC

TQ Delta, LLC

l\) ._ TQ Delta, LLC

TQ Delta, LLC

—

ION
N

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC 
TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC
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Birch, Melvin (Akima)

From: ded,nefrep|y@ded.uscourts.gov

Sent: Wednesday, November 20, 2013 4:56 PM
To: ded4ecf@ded.uscourts.gov

Subject: Activity in Case 1:13—cv~O1835—RGA TQ Delta LLC v. Pace Americas Inc.
Patent/Trademark Report to Commissioner

This is an automatic e—mail message generated by the CM/ECF system. Please DO NOT RESPOND to
this e—mail because the mail box is unattended.

***NOTE TO PUBLIC ACCESS USERS*** Judicial Conference of the United States policy permits
attorneys of record and parties in a case (including pro se litigants) to receive one free electronic copy of
all documents filed electronically, if receipt is required by law or directed by the filer. PACER access fees
apply to all other users. To avoid later charges, download a copy of each document during this first
viewing. However, if the referenced document is a transcript, the free copy and 30 page limit do not
apply.

U.S. District Court

District of Delaware

Notice of Electronic Filing

The following transaction was entered by Faman, Brian on 11/20/2013 at 4:56 PM EST and filed on 11/20/2013
Case Name: TQ Delta LLC V. Pace Americas Inc.

Case Number: l:13—cv—01835—RGA

Filer:

Document Number: 1

Docket Text:

Report to the Commissioner of Patents and Trademarks for PatentlTrademark Number(s) US
8,090,008 B2; US 8,073,041 B1; US 7,292,627 B2; US 7,471,721 B2; US 8,218,610 B2; US
8,355,427 B2; US 7,453,881 B2; US 7,978,706 B2; US 8,422,511 B2; US 7,889,784 B2; US
7,835,430 B2; US 7,570,686 B2; US 8,238,412 B2; US 8,432,956 B2; US 7,451,379 B2; US
8,516,337 B2; US 7,979,778 B2; US 7,925,958 B2; US 8,462,835 B2; US 7,836,381 B1; US
7,844,882 B2; US 8,276,048 B2; US 8,495,473 B2; US 7,831,890 B2; . (Farnan, Brian)

1:13-cv-01835-RGA Notice has been electronically mailed to:

Brian E. Farnan bfarnan@farnan1aw.c0m, tfaman@farnan1aw.com

Michael J. Farnan mfarnangagfamanlawcom, tfaman@farnan1aw.com

1:13-cv-01835-RGA Filer will deliver document by other means to:

The following document(s) are associated with this transaction:
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ded_nefrep|y@ded.uscourts.gov

Wednesday, November 20, 2013 5:07 PM
ded_ecf@ded.uscourts.gov

Activity in Case 1:13—cv—01836-RGA TQ Delta LLC v. Zhone Technologies Inc.
Patent/Trademark Report to Commissioner

This is an automatic e-mail message generated by the CM/ECF system. Please DO NOT RESPOND to
this e-mail because the mail box is unattended.

***NOTE TO PUBLIC ACCESS USERS*** Judicial Conference of the United States policy permits

attorneys of record and parties ina case (including pro se litigants) to receive one free electronic copy of
all documents filed electronically, if receipt is required by law or directed by the filer. PACER access fees
apply to all other users. To avoid later charges, download a copy of each document during this first
viewing. However, if the referenced document is a transcript, the free copy and 30 page limit do not
apply.

U.S. District Court

District of Delaware

Notice of Electronic Filing

The following transaction was entered by Faman, Brian on 11/20/2013 at 5:07 PM EST and filed on 11/20/2013
Case Name: TQ Delta LLC v. Zhone Technologies Inc.

Case Number: 1:13—cv—01836-RGA

Filer:

Document Number: 1

Docket Text:

Report to the Commissioner of Patents and Trademarks for Patent/Trademark Number(s) US
8,090,008 B2; US 8,073,041 B1; US 7,292,627 B2; US 7,471,721 B2; US 8,218,610 B2; US
8,355,427 B2; US 7,453,881 B2; US 7,809,028 B2; US 7,978,706 B2; US 8,422,511 B2; US
7,796,705 B2; US 7,889,784 B2; US 7,835,430 B2; US 7,570,686 B2; US 8,238,412 B2; US
8,432,956 B2; US 7,451,379 B2; US 8,516,337 B2; US 7,979,778 B2; US 7,925,958 B2; US
8,462,835 B2; US 7,978,753 B2; US 6,445,730 B1; US 8,437,382 B2; US 7,836,381 B1; US
7,844,882 B2; US 8,276,048 B2; US 8,495,473 B2; US 7,831,890 B2; US 8,335,956 B2; US
8,468,411 B2; US 8,407,546 B2 . (Farnan, Brian)

1:13-cv-01836-RGA Notice has been electronically mailed to:

Brian E. Faman bfarnan@faman1aw.com, tfarnan@,faInan1aw.com

Michael J. Faman rnfa.rnan@farnanlaw.c0m, tfaman(:c__1),famanlaw.com

1:13-cv-01836-RGA Filer will deliver document by other means to:
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Case 1:13-cv—O2013—UNA Document 3 Filed 12/09/13 Page 1 of 2 Page|D #2 504
A0120 Rev 08/10)

Mai] stop 3 REPORT ON THE
TO: 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. § 1 116 you are hereby advised that a court action has been
filed in the US. District Court District of Delaware on the following

[:1 Trademarks or l]Patents. ( D the patent action involves 35 U.S.C. § 292,):

DOCKET NO. DATE FILED U.S. DISTRICT COURT ‘
12/9/2013 District of Delaware

PLAINTIFF DEFENDANT

TQ Delta, LLC ZyXEL Communications Corporation and ZyXEL
Communications, Inc.

PATENT OR DATE OF PATENT . . .
TRADEMARK NOV OR TRADEMARK HOLDER OF PAIl:NT OR TRADEMARK

1 See Attached

2

DATE INCLUDED INCLUDED BY
CI Amendment El Answer :} Cross Bill D Other Pleading

TRXQEQITRERNO %”;‘{T}ER‘1:FDI;‘;4TAFll:l: HOLDER or PATENT OR TRADEMARK

In the above—entitled case, the following decision has been rendered orjudgement issued:

DECISION/JUDGEMENT

(BY) DEPUTY CLERK

Copy 1——Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2——L'pon filing document adding patent(s), mail this copy to Director Copy 4——C-ase file copy
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Case 1:13-cv-02013-UNA Documeht 3 Filed 12/09/13 Page 2 of 2 PagelD #: 505

PATENT OR

TRADEMARK NO.

US 8,090,008 B2

US 8,073,041 B1

US 7,292,627 B2

US 7,471,721 B2

US 8,218,610 B2

. US 8,355,427 B2

US 7,453,881 B2

8 US 7,809,028 B2

9 US 7,978,706 B2

8,422,511 B2

US 7,796,705 B2

3 US 7,835,430 B2

4 US 7,570,686 B2

US 8,238,412 B2

16 US 8,432,956 B2

17 US 7,451,379 B2

18 US 8,516,337 B2

19 US 7,979,778 B2

20 US 7,925,958 B2

21 US 8,462,835 B2

22 US 7,978,753 B2

23 US 6,445,730 B1

24 US 8,437,382 B2

25 US 7,836,381 B1

26 US 7,844,882 B2

27 US 8,276,048 B2

28 US 8,495,473 B2

29 US 7,831,890 B2

30 US 8,335,956 B2

31 US 8,468,411 B2

32 US 8,407,546 B2

DATE OF PATENT

OR TRADEMARK

12/30/2008

1 1/18/2008

9/14/2010

8/4/2009

11/11/2008

HOLDER OF PATENT OR TRADE

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

MARK
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T0: Director of the U.S. Patent and Trademark Office

A0 120 (Rev. 08/10
REPORT ON THE

FILING OR DETERMINATION OF AN

P.0. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK

Mail Stop 8

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 US. District Court Northern District Of Texas, Dallas Division on the following

M Trademarks or D Patents. ( I:] the patent action involves 35 U.S.C. § 292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT
3:12-cv-1462-L 5/10/2012 Northern District of Texas, Dallas Division

PLAINTIFF DEFENDANT

Boulie Ltd De Boulie Diamond & Jewelry Inc

PATENT OR DATE OF PATENT ,

1 4,086,050 1/17/2012 Boulie Ltd

2

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

DATE INCLUDED BY M Amendment I] Answer El Cross Bill El Other Pleading
PATENT OR DATE OF PATENT . . 1

TRADEMARK N0‘ OR TRADEMARK HOLDLR OF PATENT OR IRADEMARK
1 3,078,625 4/11/2006 De Boulie Diamond & Jewelry Inc

2 3,078,627 4/11/2006 De Boulie Diamond & Jewelry Inc
3

4

In the above——entitled case, the following decision has been rendered or judgement issucd:

(BY) DEPUTY CLERK DATECLERK

s/A. Lowe—Monserrate 12/10/2013Karen Mitchell

this copy to Director Copy 3——Upon termination of action, mail this copy to DirectorCopy 1——Upon initiation ofaction, mail Copy 4—Casc file copy
Copy Z—Upon filing document adding patent(s), mail this copy to Director
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Case 1:13-cv-01835-UNA Document 3 Filed 11/04/13 Page 1 of 2 Page|D #: 286

A0 120 (Rev. 08/10)

Mai} stop 8 REPORT ON THE
Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN

P.0. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK

T0:

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1 H6 you are hereby advised that a court action has been
filed in the U.S. District Court District of Delaware on the following

D Trademarks or [ZPatcnts. ( [:| the patent action involves 35 U.S.C. § 292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT
1 1/4/2013 District of Delaware

PLAINTIFF DEFENDANT

TQ Delta, LLC Pace Americas, Inc.

PATENT OR DATE OF PATENT .

TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1 See Attached ——
——
——
——
——

In the above—entitled case, the following patent(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY

E] Amendment |:l Answer l___| Cross Bill I] Other Pleading

TR1‘:’l;g/iTI£RN O %*}3:‘R(1)A_1:])*;3‘l‘\E§l: HOLDER or PATENT 0R TRADEMARK

In the above—entitlecl case, tl1e following decision has been rendered or judgement issued:
DECISION/JUDGEMENT

(BY) DEPUTY CLERK

Copy l—Upon initiation of action, mail this copy to 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—Casc file copy
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Case 1:13-cv-01835-UNA Document 3 Filed 11/04/13 Page 2 of 2 Page|D #: 287

PATENT OR DATE OF PATENT

TQDe1ta, LLC
To Delta, LLC
TQDe1ta, LLC
TQ Delta, LLC
TQDe1ta, LLC
TQDe1ta, LLC
TQDe1ta, LLC
TQDe1ta, LLC
TQ Delta, LLC
TQ Delta, LLC
TQDe1ta, LLC
TQDe1ta, LLC
To Delta, LLC
TQDe1ta,LLC
TQDe1ta, LLC
TQDe1ta, LLC
To Delta, LLC

TQ Delta, LLC
TQ Delta, LLC
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Case 1:13—cv-O1836—UNA Document 3 Filed 11/04/13 Page 1 of 2 Page|D #: 362
A0 I20 Rey (ll<ixl0)

Mail Stop 8 REPORT ON THE
Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN

PO. BOX 1450 ACTION REGARDING A PATENT OR
Alexandria. VA 22313-1450 TRADEMARK

T0:

In Cmnpiiancc with 35 U.S.C. 5‘ 290 z\ncl"or l5 USC. § 11 16 you are liereby advised that ‘vi couit action has been

filed in the US. l)isIricICmi11 District Of Delaware on the [ollmung

Trzxdemzirlo. or MPaiciits. ( E] the patent action iiivolves 35 U.S.C. § 292.).

D(,)CKE'l' N0. DA"! 5 FILED U .3. DISTRICT COURT
11/4/2013 District of Delaware

P1,./\1.\l'I IFI‘ DEFT‘-.Nl).»\\"l"

TO Delia. LLC Zhone Technologies, inc.

PATENT OR DATE OF PATENT . - / . .‘ ,
’l‘RADl€M.v\RK ?\’(). OR TI{~\l)lZMARK HOLDER Or PA]-TNT OR -I RAWMARK

' see ——
2 -

In the above entitled case, Ihc follomiig paIcnI(s)/ Iradenmrlds) lmvc been included:
i)/\ I 1. INCH li)l'.i) INCLI lI)I‘:l) BY

D Amendment D Answci D Cm» Hill C] Other Pleading

PA’! liN'l UR DA'lLi0F l’ATTiNT > . _. . .‘ .. . T; ,
TRADEMARK NO OR ,[_RADEMARK lIOI.Dl:R OI PATENT OR l‘RADLMARK

in the above entitled czise. the lE)llowhig deciniori hnsb::ei1i’en<ici'cd orjudgcmcnt issued
l)l;(.‘lS](_)7;\' .lUD(,iiIMlLN'l'

L'l.l;RK (BY) DEPUTY CLERK

( 'up_\‘ l—l "pun iniiinrion afaciion, mail this copy to Director Copy 5-Upon termination of action, mail this copy to Director
('op_\' 2—|?pon filing document adding patent(s), mail this copy to Director (Topy 4—~('ase file copy
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Case 1:13—cv—O1836-UNA Document 3 Filed 11/04/13 Page 2 of 2 PagelD #2 363

DATE OF PATENT

S 8.090.008 B2 1/3/2012
S 8.073.041 B1 12/6/2011
S 7.292.627 B2 11/6/2007
s 7,471,721 B2 12/30/2008
88.214610 B2 7/10/2012
S 8,355,427 B2 1/15/2013
5 7,453,881 B2 11/18/2008
s 7,809,028 B2 10/5/2010

9 Us 7,978,706 B2 7/12/2011
10 US 8,422,511 B2 4/16/2013
11 LS 7,796,705 B2 9/14/2010
12 LS 7,889,784 B2 2/15/2011
13 Us 7,835,430 B2 11/16/2010
14 Us 7,570,686 B2 8/4/2009
15 LS 8,238,412 B2 8/7/2012
16 LS 8,432,956 B2 4/30/2013
17 LS 7,451,379 B2 11/11/2008
18 LS 8,516,337 B2 8/20/2013
19 LS 7,979,778 B2 7/12/2011
20 Us 7,925,958 B2 4/12/2011
21 US 8,462,835 B2 6/] 1/2013
22 5 7,978,753 B2 7/12/2011
23 US 6,445,730 B1 9/3/2002
24 S 8,437,382 B2 5/7/2013

PATENT OR

TRADEMARK NO.

oo\1_o\u-Jnwm-

.,c“(‘<"Cj("C"‘<'1"‘
C“
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UNITED STATES EATENT AND TRADEMARK OFFICE lI\ |'I'IlI|) S'I'A'|'IlIS I)|<IPA|l'I'V| |<I\l'I' ()Il' (TOM l\’I|‘lIH‘|<l
United States Patent and Trademark Office
Adckess COMMISSIONER FOR PATENTSPa Rm mo

Alexa11d.na,V1Ig:lrua 22313-1450wvmuspto gm’

APPLICATION NTJMEER F1U\I('; 012 371 (C) DATE FIRST NAMET) APPLICANT ATTY. DOCKET N0./TITLE

12/477,742 06/03/2009 David M. Krinsky 6936-2-CON-2-1
CONFIRMATION NO. 8072

62574 POA ACCEPTANCE LETTER
Jason H. Vick

Sheridan Ross, pc lllllllllllllllllllllllllfllilllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
Suite # 1200 0000000575 37

1560 Broadway
Denver, CO 80202

Date Mailed: 11/14/2012

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 1 1/05/2012.

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

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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PTO/AIA/80 (D7-17.)
Approved for use through 11/30/2014. OMB 0651-0035

U.S. Patent and Trademark Office: US 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.

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

I hereby revoke all previous powers of attorney given in the application identified in the attached statement
under 37 CFR 3.73 c .

I hereby appoint:

El gzfiitioners associated with Customer Number: 4
El Practltioner(s) named below (If more than ten patent practitioners are to be named, then a customer number must be used):

Registration
Number

As attorney(s) or agent(s) to represent the undersigned before the United States Patent and Trademark Office (USPTO) in connection with
any and all patent applications assigned 9_n_|y to the undersigned according to the USPTO assignment records or assignments documents
attached to this form in accordance with 37 CFR 3,73(c).

Please change the correspondence address for the application identified in the attached statement under 37 CFR 3.75(c) to:

E] The address associated with Customer Number".
OR

Firm or
Indivldual Narre

Address

City

Assignee Name and Address: TQ DELTA, LLC
805 Las Cimas Parkway, Suite 240
Austin. Texas 78746

A copy of this form, together with a statement under 37 CFR 3.73(c) (Form PTO/AIA/96 or equivalent) is required to be
Filed in each application in which this form is used. The statement under 37 CFR 3.73(c) may be completed by one of
The practitioners appointed in this form, and must identify the application in which this Power of Attorney is to be filed.

C'{.v-’\_..«' J‘ I._ r - __ Date‘ /C‘, //K;7 2
Mark K. Roche Telephone 512—609—1t31O

This collection of information is required by 37 CFR 131, 1.32 and 1.33. The information is required to obtain or retain a benefit by the public which is to tile (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 3 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, PO. 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 ‘i-800-PTO-9199 and select option 2.
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Electronic Acknowledgement Receipt

14147944

International Application Number:

Confirmation Number:

MULTICARRIER MODULATION MESSAGING FOR FREQUENCY DOMAIN

ml‘ °f l""°"l'°"‘ RECEIVED IDLE CHANNEL NOISE INFORMATION

First Named Inventor/Applicant Name: David M. Krinsky

Customer Number: 62574

Filer Authorized By: Jason Vick

Attorney Docket Number: 6936-2-CON-2-1

Filing Date: 03-JUN-2009

Time Stamp: 14:07:31

Application Type: Utility under 35 USC111(a)

Payment information:

Submitted with Payment

File Listing:

Document Document Descri tion File Size(Bytes)/
Number P Message Digest Part /.zip (if appl.)

42241 I

yes
S3819026iLl684a2L1IJee4I‘2aLL8LIe1Le2LIJ6

37er
EntityStatus_373c_w_POA.pdf
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Multipart Description/PDF files in .zip description

Assignee showing of ownership per 37 CFR 3.73.
Power of Attorney

Warnings:

Information:

Total Files Size (in bytes) 422411

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO ofthe 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
lfa 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 ofthe application.

National Stage of an International Application under 35 U.S.C. 371
lfa timely submission to enter the national stage ofan international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/D0/E0/903 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
lfa 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 ofthe International Filing Date (Form PCT/R0/105) 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: David M. Krinsky 3 Patent No. 7,835,430

3 Issued: November 16, 2010

Filed: June 3, 2009 3 Examiner: 'l‘RAN,Khanh C.

Atty. File No.: 6936-2-CON-2-l 5 Confirmation No.1 8072

For: MULTICARRIER MODULATION MESSAGING FOR FREQUENCY DOMAIN
RECEIVED IDLE CHANNEL NOISE INFORMATION

Application No.: 12/477,742

ASSERTION OF ENTITLEMENT TO SMALL ENTITY STATUS

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Madam:

In accordance with MPEP §§ 509.02 and 509.03 AND 37 CFR 1.27, this document is

being filed to inform the U.S. Patent Office of the change of status for the above—identif1ed patent

from large entity status to small entity status. All fees paid to date have been paid as large entity

status. No fees have yet been paid as small entity status. Due to the sale of the referenced patent,

the Applicant is now entitled to small entity status.

We respectfully request that small entity status be granted for the above—referenced patent

application.

Please contact the undersigned if there are any questions regarding this notification.

Respectfully submitted,

SHERIDAN ROSS P.C.

By: WM.
,1

W//,...«~::T1ls‘on H. Vick
/*"“ Reg. No. 45,285/‘ .

1560 Broadway, Suite 1200
Denver, Colorado 80202

Telephone: 303-863-9700
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PTO,/AIA/96 (084 2)
Approved for use through 01/51/2013. OMB 0651-0031

US. Patent and Trademark Office; US. DEPARTMENT OF COMMERCE
Under the Peerwork Reduction Act of 1995, no ersons are reuired to resend to a collection of information unless it dlsla s a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

Applicant/Patent Owner: TQ DE‘-TAI LLC

Application No./Patent No.: 7v835v43O Filed/issue Date: November 16' 2010

Tmed. MULTICARRIER MODULATION MESSAGING FOR FREQUENCY DOMAIN RECEIVED IDLE CHANNEL NOISE INFORMATION

TO DELTA, LLC a Corporation
1

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

states that, for the patent application/patent identified above, it is (choose 9_n_e of options 1, 2, 3 or 4 below):

1. The assignee of the entire right, title, and interest.

2. I1 An assignee of less than the entire right, title, and interest (check applicable box):

The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

:1 There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. D The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. :1 The recipient, via a court proceeding or the like (eg., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose _cm_e of options A or B below):

A. [:1 An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

,_ From, David M. Krinsky and Robert Edmund Pizzano, Jr. TO. AWARE, lNC.

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

Reel 012215 , Frame 0842 , or for which a copy thereof is attached.
2_ From. AWARE, INC. T0. TQ DELTA, LLC

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

Ree, 029154 frame 0937 , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C, 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, US. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 223134450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box1450, Alexandria, VA 22313-1450.

Ifyou need assistance in completing the form, call I-800—PTO—9199 and select option 2.
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PTO/AIA/96 (08-12)
Approved for use through 01/31/2013. OMB 06510031

U.S. Patent and Trademark Office; US DEPARTMENT OF COMMERCE
Under the Paerwork Reduction Act of 1995, no ersons are re uired to resend to a collection of information unless it disla s a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73101

To:

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

Reel , Frame , or for which a copy thereof is attached,

To:

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

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

To:

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

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

To:

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

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

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

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

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

The undersigned (whose title is supplied be|oyyt,ise¢uth'orlz'e6’toa<";/tion behalf of the assignee.

_y*,»~>'.«.,« 22
Date

45,285

Printed or Typed Name Title or Registration Number

[Page 2 of 2]



Page 34 of 468

UNITED STATEs PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Addicssz COIVIMISSIONER FOR PATENTS

P.0. Box 1450
Alexandiia, Virginia 22313-1450www uspto.gov

APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.

l2/477,742 11/16/2010 7835430 5550-2-CON-2-1 8072

62574 7590 10/27/2010

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 Tenn 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 http://pair.uspto.gov for additional applicants):

David M. Krinsky. Acton, MA:
Robert Edmund Pizzano Jr., Stoneham, MA;

IR103 (Rev. 10/09)
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“M,

i, UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria.‘ Virginia 22313-1450
www uspto gov

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

12/477,742 06/03/2009 David M. Krinsky 5550—2—CON—2—1 8072

62574 7590 10/15/2010 .. 1;XAMlN1:R
Jason H. Vick

Sheridan Ross, PC
Suite # I200

1560 Broadway ART UNIT PAPER NUMBER
Denver, CO 80202

TRAN, KHANH C

2611

NOTIFICATION DATE DELIVERY MODE

10/15/2010 ELECTRONIC

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

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on aboVe—indicated "Notification Date" to the

following e—mail address(es):

jvick @ shcridanrosscom

PTOI.-90A (Rev. 04/07)
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Application No. App|icant(s)

Supmementa’ 12/477,742 KRINSKY ET AL.
Examiner Art Unit

KHANH C. TRAN 2611

-- The MAILING DA TE 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. IXI This communication is responsive to the IDS filed 9/27/2010.

2. I] The allowed c|aim(s) is/are .

3. El Acknowledgment is made ofa claim forforeign priority under 35 U.S.C. § 119(a)-(d) or (f).
a) I:I All b) I:I Some* c) I:I None of the:

1. I:I Certified copies of the priority documents have been received.

2. I:I Certified copies of the priority documents have been received in Application No.j

3. El 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 ofthis application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

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

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

(a) |:I including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached

1) I:I hereto or 2) I:I to Paper No./Mail Date

(b) E] including changes required by the attached Examiner’s Amendment / Comment or in the Office action of
Paper No./Mail Date

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the from (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. El 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. El Notice of References Cited (PTO—892) 5. El Notice of Informal Patent Application

2. El Notice of Draftperson‘s Patent Drawing Review (PTO-948) 6. El Interview Summary (PTO-413),
Paper No./Mail Date .

3. IZI Information Disclosure Statements (PTO/SB/08), 7. El Examiner's Amendment/Comment
Paper No./Mail Date

4. I:I Examiner's Comment Regarding Requirementfor Deposit 8. I:I Examiner's Statement of Reasons for Allowance
of Biological Material

9. X Other PTO-90C.

/KHANH C. TRAN/

Primary Examiner, Art Unit 2611

U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20101008
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UNITED STATES DEPARTMENT OF COMMERCE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

APPLICATION N0.I FILING DATE
CONTROL NO.
12477742 6/3/2009

Jason H. Vick

Sheridan Ross, PC
Suite # 1200

1560 Broadway
Denver, CO 80202

FIRST NAMED INVENTORI
PATENT IN REEXAMINATION

KRTNSKY ET AL.

ATTORNEY DOCKET NO.

5550—2—CON—2—1

EXAMINER

KHANH C.. TRAN

ART UNIT PAPER

2611 20101008

DATE MAILED:

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

proceeding.

Commissioner for Patents

This communication is responsive to the IDS filed 9/27/2010.

PTO-900 (Rev.04-03)

/KHANH C. TRANI

Primary Examiner, Art Unit 2611
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Substitute for form 1449NPTO

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

U.S. PATENT DOCUMENTS

Examiner Cite Document Number Publication Date Name of Patentee of Pages, Columns, Lines, Where
lnitia|s* No.‘ Number-kind Code “'”‘"°‘”"’ MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant

Figures A pear

FOREIGN PATENT DOCUMENTS

Foreign Patent Document Publication Name of Patentee or Pages, Columns,
Date Applicant of Cited Document‘ Lines, Where

Country code”; Number‘; Kind MM-DD-YYYY Relevant
Code5 (if known) Passages or

Relevant Figures
Ap o ear

OTHER ART (including Author, Title, Date, Pertinent Pages, etc.)
Examiner Cite
Initials‘ No.‘

, 2 1 Official Action for European Patent Application No. EP 06022008, mailed July 7, 2010, 2010, I

IKW (Attorney's Ref. No. 5550—2—PEP5)

, I. 2 Official Action for Japanese Patent Application No. 2001-552611, mailed August 2, 2010
/KCT: (Attorney's Ref. No. 5550-2-PJP)

, __I. 3 Official Action for Japanese Patent Application No. 2008-191051, mailed July 26, 2010 (Attorney's
/KC ii Ref. No. 5550-2-PJP-DIV)

, ,, , 4 ITU-T g.992.1"ASYMMETR|C DIGITAL SUBSCRIBER LINE (ADSL) TRANSCElVERS"June
IKLTI 1999, p. 91-117. 125, 126, 131, 132

/Kiiaiiii Tran/' {U9/'29/2010) 119/29/2010
‘EXAMINER: Initial if reference is considered, whether or not citation is in confomnance and not considered. include copy of this
form with next communication to applicant.

ALL EEEEEENCES CONSEEDERED EXC3Ei7’T WHERE i_§NEi3 THEQUGH. /KCT/’
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“M,

i, 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
Alexandri; Virginia 22313-1450
www uspto gov

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

12/477,742 06/03/2009 David M. Krinsky 5550—2—CON—2—l 8072

62574 7590 10/05/2010 .. l;XAMlNl:R
Jason H. Vick

Sheridan Ross, PC
Suite # I200

1560 Broadway ART UNIT PAPER NUMBER
Denver, CO 80202

TRAN, KHANH C

2611

NOTIFICATION DATE DELIVERY MODE

10/05/2010 ELECTRONIC

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

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on aboVe—indicated "Notification Date" to the

following e—mail address(es):

jvick @ shcridanrosscom

PTOI.-90A (Rev. 04/07)
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Application No. App|icant(s)

Supmementa’ 12/477,742 KRINSKY ET AL.
Examiner Art Unit

KHANH C. TRAN 2611

-- The MAILING DA TE 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. IXI This communication is responsive to the Amendment After Notice ofA//owance and the IDS filed 9/27/2010 .

2. I] The allowed c|aim(s) is/are .

3. El Acknowledgment is made ofa claim forforeign priority under 35 U.S.C. § 119(a)-(d) or (f).
a) I:I All b) I:I Some* c) I:I None of the:

1. I:I Certified copies of the priority documents have been received.

2. I:I Certified copies of the priority documents have been received in Application No.j

3. El 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 ofthis application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

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

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

(a) |:I including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached

1) I:I hereto or 2) I:I to Paper No./Mail Date

(b) E] including changes required by the attached Examiner’s Amendment / Comment or in the Office action of
Paper No./Mail Date

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the from (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. El 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. El Notice of References Cited (PTO—892) 5. El Notice of Informal Patent Application

2. El Notice of Draftperson‘s Patent Drawing Review (PTO-948) 6. El Interview Summary (PTO-413),
Paper No./Mail Date .

3. I:I Information Disclosure Statements (PTO/SB/08), 7. El Examiner's Amendment/Comment
Paper No./Mail Date

4. I:I Examiner's Comment Regarding Requirementfor Deposit 8. I:I Examiner's Statement of Reasons for Allowance
of Biological Material

9. X Other PTO-90C.

U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20100929
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UNITED STATES DEPARTMENT OF COMMERCE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

APPLICATION N0.I FILING DATE
CONTROL NO.
12477742 6/3/2009

Jason H. Vick

Sheridan Ross, PC
Suite # 1200

1560 Broadway
Denver, CO 80202

FIRST NAMED INVENTORI
PATENT IN REEXAMINATION

KRTNSKY ET AL.

ATTORNEY DOCKET NO.

5550—2—CON—2—1

EXAMINER

KHANH C.. TRAN

ART UNIT PAPER

2611 20100929

DATE MAILED:

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

proceeding.

Commissioner for Patents

T11is Comniunication is in response to the Amendinent After Notice of Allowance (Rule 312) and the IDS filed 9/27/2010.

/KCT/

PTO-900 (Rev.04-O3)

/KHANH C. TRAN/

Primary Examiner, Art Unit 2611
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lI\ |'I'IlI|) S'I'A'|'ICS DICPA |I'I'V| |C\I'I' ()Il' (TOM M |‘IIH‘|‘I
United States Patent and Trademark Office
Adckess COMMISSIONER FOR PATENTSPO Rm I470

Alexojidnn, Virginia 223134450wwvruspto gm

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS

3 312/477,742 06/03/2009 261 1 5550-2-CON-2-1
CONFIRMATION NO. 8072

62574 CORRECTED FILING RECEIPT
Jason H. Vick

Sheridan Ross, PC II||I|I|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIII||IIII|I|II|IIIIIIIISuite # 0000000438 3392

1560 Broadway
Denver, CO 80202

Date Mailed: 10/05/2010

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

Applicant(s)
David M. Krinsky, Acton, MA;
Robert Edmund Pizzano .Jr., Stoneham, MA;

Assignment For Published Patent Application
AWARE, lNC., Bedford, MA

Power of Attorney: The patent practitioners associated with Customer Number 62574

Domestic Priority data as claimed by applicant
This application is a CON of 10/619,691 07/16/2003 PAT 7,570,686 *
which is a DIV of 09/755,173 01/08/2001 PAT 6,658,052
which claims benefit of 60/224,308 08/10/2000
and claims benefit of 60/174,865 01/07/2000 *

(*)Data provided by applicant is not consistent with PTO records.

Foreign Applications

If Required, Foreign Filing License Granted: 06/10/2009

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is Us 12/477,742

Projected Publication Date: Not Applicable

Non-Publication Request: No

Early Publication Request: No
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MULTICARRIER MODULATION MESSAGING FOR FREQUENCY DOMAIN RECEIVED IDLE
CHANNEL NOISE INFORMATION

Preliminary Class

375

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866—999—HALT (1 -866-999-4158).

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "|F REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where

page 2 of 3
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the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

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

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

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase “IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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Page 1 of 1

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Addxcu: COMMISSIONER FDR PATENTSED. Bax I450

Aluumdria. Vufinia ZZJIJ-I450wwumpto gov

CONFIRMATION NO. 8072
Bib Data Sheet

FILING OR 371(c)

SERIAL NUMBER “A75 GROUP ART UNIT D‘gcT'?§T"‘fi‘g
12/477,742 06/03/2009 2611 '

RULE 5550—2—CON—2—1

‘ PPLICANTS

David M. Krinsky, Acton, MA;
Robert Edmund Pizzano Jr., Stoneham, MA;

i U t*i'iiii'ii'ti'*!***$*I“ki'l'*Rfi

This application is a CON of 10/619,691 07/16/2003 PAT 7,570,686 *
which is a DIV of 09/755,173 01/08/2001 PAT 6,658,052
which claims benefit of 60/224,308 08/10/2000
and claims benefit of 60/174,865 01/07/2000 ”
(")Data provided by applicant is not consistent with PTO records.

i *fi************I'**i'**

IF REQUIRED, FOREIGN FILING LICENSE GRANTED

STATE OR SHEETS INDEPENDEN
Yes "° COUNTRY DRAWING CLAIMS

Allowance MA 2 3
Examiner's Sinature

‘ DDRESS
62574

ITLE

MULTICARRIER MODULATION MESSAGING FOR FREQUENCY DOMAIN RECEIVED IDLE CHANNEL
NOISE INFORMATION

CI AII Fees

CI 1.16 Fees ( Filing)

FILING FEE FEES: Authority has been given in Paper D 1-17 F995 I PFOCGSSINQ EX‘ Of
RECEIVED No. to charge/credit DEPOSIT ACCOUNT time I

forfonowingi D 1.18 Fees ( Issue)

{E
El Credit
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Page 1 of 1

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

P.O, Box I450
Alexandria. Virginia 223l3»I450www.usplo.gov

BIB DATA SHEET

CONFIRMATION NO. 8072

SERIAL NUMBER FILING or 371(0)
DATE

12/477742 06/03/2009

RULE

APPLICANTS

David M. Krinsky, Acton, MA;
Robert Edmund Pizzano Jr., Stoneham, MA;

ii #i**'l**I*Rfl'***'k'h*ktI'****tti

This application is a CON of 10/619,691 07/16/2003 PAT 7,570,686
which is a DIV of 09/755,173 01/08/2001 PAT 6,658,052
which claims benefit of 60/224,308 08/10/2000
and claims benefit of 60/174,865 01/07/2000 *

(")Data provided by applicant is not consistent with PTO records.

‘kl’ fiififiiiifitiffiiiiiiiiilfliii

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED "*
06/10/2009

Foreign Priority claimed [I Yes yo STATE OR SHEETS INDEPENDENT35 use 119(a-d) conditions met CI Yes No CI "'9' 3"” COUNTRY DRAWINGS CLAIMSAllowance

Verified and /KHANH C TRAN) KCT 2 3Acknowledged E)-(amlna 5 Signature nmaIs

ADDRESS

Jason H. Vick

Sheridan Ross, PC
Suite # 1200

1560 Broadway
Denver, CO 80202
UNITED STATES

TITLE

MULTICARRIER MODULATION MESSAGING FOR FREQUENCY DOMAIN RECEIVED IDLE CHANNEL
NOISE INFORMATION

FILING FEE FEES: Authority has been given in Paper
RECEWEQ No. to charge/credit DEPOSIT ACCOUNT

for following:

BIB (Rev. 05/07).
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Substitute for form 1449NPTO

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

U.S. PATENT DOCUMENTS

Examiner Cite Document Number Publication Date Name of Patentee of Pages, Columns, Lines, Where
lnitia|s* No.‘ Number-kind Code “'”‘"°‘”"’ MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant

Figures A pear

FOREIGN PATENT DOCUMENTS

Foreign Patent Document Publication Name of Patentee or Pages, Columns,
Date Applicant of Cited Document‘ Lines, Where

Country code”; Number‘; Kind MM-DD-YYYY Relevant
Code5 (if known) Passages or

Relevant Figures
Ap o ear

Official Action for European Patent Application No. EP 06022008, mailed July 7, 2010, 2010
(Attorney's Ref. No. 5550-2—PEP5)

Official Action for Japanese Patent Application No. 2001-552611, mailed August 2, 2010
(Attorney's Ref. No. 5550-2-PJP)

Official Action for Japanese Patent Application No. 2008-191051, mailed July 26, 2010 (Attorney's
Ref. No. 5550-2-PJP-DIV)

ITU-T g.992.1 "ASYMMETR|C DIGITAL SUBSCRIBER LINE (ADSL) TRANSCEIVERS" June
1999, p. 91-117. 125, 126, 131, 132

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 Patent Application Fee Transmittal

Filing Date: 03-Jun-2009

SYSTEM AND METHOD FOR ESTABLISHING A DIAGNOSTIC TRANSMISSION

T'tI° °f I'“’°'“'°"’ MODE AND COMMUNICATING OVER THE SAME

First Named Inventor/Applicant Name: David M. Krinsky

Filer: Jason Vick/Joannevos

Attorney Docket Number: 5550-2-CON-2-1

Filed as Large Entity

Utility under 35 USC111(a) Filing Fees

Sub-Total in

USD($)

 

Description
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Sub-Total in

Description Usms)

Miscellaneous:

Submission— Information Disclosure Stmt

Total in USD ($)
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Electronic Acknowledgement Receipt

8501239

International Application Number:

Confirmation Number:

SYSTEM AND METHOD FOR ESTABLISHING A DIAGNOSTIC TRANSMISSION

ml‘ °f l""°"l'°"‘ MODE AND COMMUNICATING OVER THE SAME

First Named Inventor/Applicant Name: David M. Krinsky

Customer Number: 62574

Filer Authorized By: Jason Vick

Attorney Docket Number: 5550-2-CON-2-1

Filing Date: 03-JUN-2009

Time Stamp: 11:49:03

Application Type: Utility under 35 USC111(a)

Payment information:

Submitted with Payment y
ES

Authorized User

The Director ofthe 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 CFR. 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 CFR. Section 1.21 (Miscellaneous fees and charges)

File Listing:

Document Document Description File Name Flle slzemytesll
Number Message Digest Part /.zip (if appl.)

348110

|DS_03.pdf a0b458b5c5l5 dcfc3eal7f5 3fece3f1bfd 3bI7
ef

Multipart Description/PDF files in .zip description

Transmittal Letter

Information Disclosure Statement (IDS) Filed (SB/08)

Information:

201750

NPL Documents 5550-2-PEP-5_OA_7-7-2010.pd 75443: (I3 I II7Pfi34Il4lifi4fiI'li7S9(-81-(I0: A88
f17P

Information:

119171

d48aa9el 5fe633f(e799S0ff959b13 lS33Zbf56:
NPL Documents 5550—2—PJP_OA_8_2_10.pdf

Warnings:

Information:

5550-2-PJP-DlV_OA_7-26-10.NPL D t
ocumen s pdf B2fd899db7ff646954b8fc12899a36148345

0913

Information:

|TU_T_Asymmetric_Digital_Su 1967150
NPL Documents bscriber_Line_ADSL_Transceiv

ers. pdf I14lJl‘ZB704Ll43[lfIe3aIJE-1e-e8U0lJ[ll)4allJ97099?‘

Warnings:

Information:

Fee Worksheet (PTO—87S) fee—info.pdf ’lbCa(37d3(0Sef07’l S:Ufb5Cef9abS677b9(
W96

Warnings:

Information:

Total Files Size (in bytes):| 2764834
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO ofthe 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
Ifa 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
lfa timely submission to enter the national stage ofan international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 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
lfa 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 ofthe 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:

David M. Krinsky

Serial No.: 12/477,742

Filed: June 3, 2009

Atty. File No.: 5550—2—CON—2-1

Entitled: “Multicarrier Modulation Messaging for

Group Art Unit: 2611

Confirmation No.: 8072

Examiner: Khanh C. Tran

STATEMENT\/\/g/g/\J\J\/\/\/Q
Frequency Domain Received Idle Channel Noise

Information”

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.

K4 Copies of the cited non-patent and/or foreign references are enclosed herewith.

l:I Copies of the cited U.S. patents and/or patent applications are enclosed herewith.

I:l Copies of the cited U.S. patents/patent application publications are not enclosed in

accordance with 37 C.F.R. § 1.98(a).

[3 Copies of the cited references are not enclosed, in accordance with 37 C.F.R.

§ l.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.

E] To the best of applicants’ belief, the pertinence of the foreign—language references

are believed to be summarized in the attached English abstracts and in the figures, although
applicants do not necessarily vouch for the accuracy of the translation.

I:I Examiner’s attention is drawn to the following related applications:

Serial No. filed (Attomey’s Ref. No.)

Serial No. filed (Attorney’s Ref. No.)

D 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

3

1

INFORMATION DISCLOSURE



Page 54 of 468

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

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

37 CFR l.97(b): No fee is believed due in connection with this submission, because the information disclosure statement
submitted herewith is satisfied by one ofthe following conditions (“X” indicates satisfaction):

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

Within three months ofthe 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

Before the mailing of a first Office action afier the filing of a request for continued examination under
37 CFR 1.114.

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.

37 CFR l.97(e): The information disclosure statement transmitted herewith is being filed afier 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 ofallowance under 37 C.F.R. 1.311, or
(3) an action that otherwise closes prosecution in the application.

This lnfon-nation Disclosure Statement is accompanied by:

El A Certification (below) as specified by 37 C.F.R. l.97(e). 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

El Please charge Deposit Account 19-I970 in the amount of $180.00 for the fee set forth in 37 C.F.R. l.l7(p) for
submission of an information disclosure statement. Please credit any overpayment or charge any underpayment to DepositAccount 19-1970.

37 CFR1.97(d): This lnfonnation Disclosure Statement is being submitted afier the period specified in 37 CFR 1.97(c).

IE This infonnation Disclosure Statement includes a Certification (below) as specified by 37 C.F.R. l.97(e)AND

IE Applicants hereby requests consideration ofthe reference(s) disclosed herein. Please charge Deposit Account
19-1970 in the amount of $1 80.00 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 applicaiit(s) cannot execute a
certification.
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Certification (37 C.F.R. l.97(e))
(Applicable only if checked)

IE The undersigned certifies that:
IX] 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.
l.97(e)(l).

A copy of the communication fi‘om the foreign patent office is enclosed.

OR

B 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 ofthe 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. l.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.

. Vick

Registration No. 45,285

1560 Broadway, Suite 1200
Denver, Colorado 80202-5141

Date: 2? 5m /” (303)863-9700
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PART B - FEE(S) TRANSMITTAL

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

orEi_i_;r_ (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed whcre

ppropfiate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current corres ondence address as

a

in icated unless corrected below or directed otherwise in Block I, by (a) specifying a new correspondence address; and/or (b) indicating a separate " ADDRESS" formaintenance fee notifications.

CURREN-pcoRRE5poN13ENcE ADDRESS (nomusggiogk15°,-my¢1mg“,fadd,.s5) Note: A certificate of mailin can only be used for domestic mailings of the
Fee(s) Transmittal. This certi icate cannot be used for any other accompanying

papers. Each additional paper, such as an assignment or formal drawing, mustave its own certificate of mailing or transmission.62574 7590 09/07/2010
_ Certificate of Mailing or Transmission

Jason H. Vick I hereb certi that this Fee(f§‘) Transmittal is being deposited with t.he UnitedI- States ostal ervice with su cient postage for first class mail in an envelo e
Shin-1danROSS’ PC addressed to the Mail Sto ISSUE FEE address above, or be-in facsimile
Suite # 1200 transmitted to the USPTO( 71) 273-2885, on the date indicated be ow.

156" B‘°“‘""’-"
Denver, CO 80202 S

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

I2/477,742 06/03/2009 David M. Krinsky S550-2-CON-2-I 8072
TITLE OF INVENTION: SYSTEM AND METHOD FOR ESTABLISHING A DIAGNOSTIC TRANSMISSION MODE AND COMMUNICATING OVER
THE SAIVIE

SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSUE I-EB TOTAL F=_E(s) DUE DATE DUE
N0 $300 $0 $1810nonprovisional $1510 12/07/2010

CLASS-SUBCLASS
TRAN, KHAN1-I C 2611 375-222000

1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list

CFR 1363)‘ (I) the names of up to 3 registered patent attorneys
D Chan e of corres ondence address (or Change of Correspondence or agents OR, alternatively,
Address om PTO] B/122) mmched‘ (2) the name of a single firm (having as a member a
'3 "Fee Address" indication (or "Fee Address" Indication fonn registered attorney or agent) and the names of up toPTO/SB/47; Rev 03-02 or more recent) attached. Use ol'a Customer registered patent attorneys or agents. If no name is
Numbe; is required, listed, no name Will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)
PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
rccordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.
(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Aware, Inc. Bedford, MA

Please check the appropriate assignee category or categories (will not be printed on the patent) : [3 Individual M Corporation or other private group entity D Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please iirst reapply any previously paid issue fee shown above)
Issue Fee [3 A check is enclosed.

El Publication Fee (No small entity discount permitted) El Payment by credit card. Form PTO-2038 is attached.
I: Advance Order - # of Copies lZlThe Director is hereby authorized to charge the re uired lee(s), any deficiency, or credit any

overpayment, to Deposit Account Number f 9:152!) (enclose an extra copy of this form).
5. Change in Entity Status (from status indicated above)

El a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. D b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l.27(g)(2).
NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from an ther than the applicant; a registered attorney or agent; or the assignee or other party ininterest as shown b the records of the United States Patent and Trade

/ r a
Authorized Signature Date 2 2 géfq’

ason H. Vick Registration No. 45,285

of information is required by 37 CFR 1.311. The information is re uired to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an apphcation. Confidentiality is governed by 35 USC. 122 and 37 CFR 1.14. is collection is estimated to take 12 minutes to complete, including gathering, preparing, and

subnntting the completed application form to the USPTO. Time will vag deplendiilig upon the individual case. Any comments on the amount of time you require to comglete
this form and/or sttiiggestions for reducing this burden, should be sent to e C ief I ormation Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, .0.Box 1450, Alexan ria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents. PO. Box 1450.
Alexandria, Virginia 22313-1450.
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a Valid OMB control number.

PTOL—85 (Rev. 08/07) Approved for use through 08/31/2010. OMB 0651-0033 U.S. Patent and Trademark Office; US. DEPARTMENT OF COMMERCE
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: David M. Krinsky Group Art Unit: 2611

Application No.: 12/477,742 Examiner: TRAN, Khanh C.

Filed: June 3, 2009 Confirmation No.: 8072

Atty. File No.: 5550-2-CON-2-1
%/%/\—/\./\é\§\)\J

For: MULTICARRIER MODULATION MESSAGING FOR FREQUENCY DOMAIN
RECEIVED IDLE CHANNEL NOISE INFORMATION

COMMENTS ON STATEMENT OF REASONS FOR ALLOWANCE

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313

Sir:

Applicant submits this Comments on Statement of Reasons for Allowance to address

filrther the Notice of Allowability ("Notice") having a mailing date of September 7, 2010.

In the Notice, the Examiner's stated reasons for allowance were that:

The instant Application is directed to a transceiver capable of transmitting and

receiving, a non—transitory computer-readable information storage media having
stored thereon instructions that, if executed, cause a transceiver to perform a

method of transmitting and receiving a combination of uniquely distinct features
“the message comprises one or more data variables that represent the test

information, wherein bits in the message are modulated onto DMT symbols using _
Quadrature Amplitude Modulation MAM) with more than 1 bit per sub-channel

and wherein at least one data variable of the one or more data variables comprises
an array representing frequency domain received idle channel noise information“.

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.
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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 fort .”

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 47-52.

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.

ason H. Vick

Reg. No. 45,285

1560 Broadway, Suite 1200
Denver, Colorado 80202

Telephone: 303-863-9700



Page 59 of 468

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Group Art Unit: 2611In Re the Application of: David M. Krinsky

Application No.: 12/477,742 Examiner: TRAN, Khanh C.

Filed: June 3, 2009 Confirmation No.2 8072

Atty. File No.2 5550-2—CON-2-l

\J\/\/\_/\/€%\/
For: MULTICARRIER MODULATION MESSAGING FOR FREQUENCY DOMAIN

RECEIVED IDLE CHANNEL NOISE INFORMATION

AMENDMENT AFTER ALLOWANCE UNDER

37 C.F.R. 1.312

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

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 September 7, 2010. While

Applicants believe that no fees are due with the filing of this response, the undersigled 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 Specification begin on page 2 of this paper.

Remarks begin on page 3 of this paper.

Attorney Docket No.: 5550-2—CON-2-1



Page 60 of 468

AMENDMENTS TO THE SPECIFICATION

In the Title:

Please amend the title to read as follows:

 Multicmier Modulation Messaging For Freguency Domain Received Idle

Chaxmel Noise Information

Attorney Docket No.: 5550;2-CON-2-1
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REMARKS

The amendment to the specification displayed herein amends the title. 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.

. Vick

Reg. No. 45,285

1560 Broadway, Suite 1200
Denver, Colorado 80202

Telephone: 303-863-9700

Attorney Docket No.: 5550-2-CON-2-1
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Electronic Patent Application Fee Transmittal

Filing Date: 03-Jun-2009

SYSTEM AND METHOD FOR ESTABLISHING A DIAGNOSTIC TRANSMISSION

T'tI° °f I'“’°'“'°"’ MODE AND COMMUNICATING OVER THE SAME

First Named Inventor/Applicant Name: David M. Krinsky

Filer: Jason Vick/JoanneVos

Attorney Docket Number: 5550-2-CON-2-1

Filed as Large Entity

Utility under 35 USC111(a) Filing Fees

Sub-Total in

Description USD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Patent-Appeals-and-Interference:

Post-AlIowance-and-Post-Issuance:

Utility Appl issue fee

Publ. Fee- early, voluntary, or normal
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Sub-Total in

Description Usms)

Extension-of-Time:

Miscellaneous:

Total in USD ($)
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Electronic Acknowledgement Receipt

8501454

International Application Number:

Confirmation Number:

SYSTEM AND METHOD FOR ESTABLISHING A DIAGNOSTIC TRANSMISSION

ml‘ °f l""°"l'°"‘ MODE AND COMMUNICATING OVER THE SAME

First Named Inventor/Applicant Name: David M. Krinsky

Customer Number: 62574

Filer Authorized By: Jason Vick

Attorney Docket Number: 5550-2-CON-2-1

Filing Date: 03-JUN-2009

Time Stamp: 12:05:22

Application Type: Utility under 35 USC111(a)

Payment information:

Submitted with Payment y
ES

Authorized User

The Director ofthe 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 CFR. 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 CFR. Section 1.21 (Miscellaneous fees and charges)

File Listing:

Document . . . File Size(Bytes)/
Number Document Desmptlon Flle Name Message Digest Part /.zip (if appl.)

450772

|ssue_Fee_Transmitta|.pdf ab5:4ea7571 8a36980aDea3bdc00bf4lbd8

Multipart Description/PDF files in .zip description

Issue Fee Payment (PTO—85B)

Post Allowance Communication — Incoming

Amendment after Notice ofAllowance (Rule 312)

Information:

Fee Worksheet (PTO-875) fee-info.pdf 7baD4ce095bcl ba39e760dd58i 4a99623f8
67785

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO ofthe 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
lfa 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
lfa timely submission to enter the national stage ofan international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 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
Ifa 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 ofthe International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTIVIENT OF COIVIMERCE
United States Patent and Trademark Office
Address: CO)/LVIIS S IONER FOR PATENTS

P.O. B * 1450
Alexa "a, Vilglnia 22111-1450www.uspte.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

62374 . 09/07/2010 E VHNER

Jason H. Vick TRAV’ KHANH C
S]1e1~1da11 Ross, PC ART UNIT PAPER NUMBER

Suite # 1200 2611
1560 Broadway 3 _
Denver’ E IVIAILED. 09/07/2010

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORVEY DOCKET NO. CONEIRIVIATION NO.

12/477,742 06/03/2009 David M. Krinsky 5550-2-CON-2-l 8072
TITLE OF INVENTION: SYSTEM AND METHOD FOR ESTABLISHING A DIAGNOSTIC TRANSMISSION MODE AND COMMUNICATING OVER
THE SAME

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

NO $300 $0nonprovisional S1510 $1810 12/07/2010

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOVVED FOR ISSUANCE AS A PATENT.
PROSECUTION E TIIE MERITS E CLOSED. TIIIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGIITS.
THIS APPLICATION IS SUBJECT TO VVITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

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

HOVV TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown above.

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

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

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

the ISSUE FEE shown above.

ll. PART B — FEE(S) TRANSMITT/\l., or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B — Fee(s) Transmittal should be co111pleted and a11 extra copy of the for111 should be submitted. If a11 equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

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

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

Page 1 of 3
PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010.
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PART B - FEE(S) TRANSMITTAL

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

or Fl (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
ap ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
in icated unless corrected below or directed otherwise in Block 1. by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" formaintenance fee notifications.

c1,'m;m\'T connngpomwxcr Annnmq (Nam: U53 nincki rm any (hangs ngaddmgs) Note: A certificate of _mailii_i _ can only be used for domestic mailings of the
Fee(s) Transmittal. This certi icate cannot be used for any other accompanying

papers. Each add_it_ional paper. _such as an as_signment or formal drawing, mustave its own certificate of mailing or transmission.62574 09/07/201 0
_ Certificate of Mailing 01‘ Transmission

.1 H8011 H. VICIQ I hereby certify that this Fee(s) Transiiiittal is being deposited with the United

shaman Ross, PC 2535:, %::"s:r:t::;fs;%a&Pse:5a:,£:S;s:::: “:.:‘t;;:..:* f:.:?::t;:
Suite # 1200 transmitted to the USPTO (571) 273-2885, on the date indicated below.

1560 Broadway
Denver, CO 80202

(Depositofs name)

(Signature)

(Date)

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

12/477,742 06/03/2009 David M. Krinsky 5550-2-CON-2-l 8072
TITLE OF INVENTION: SYSTEM AND METHOD FOR ESTABLISHING A DIAGNOSTIC TRANSMISSION MODE AND COMMUNICATING OVER
THE SAME

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

NO $0$1510 $1810 12/07/2010nonprovisional

l:')LA1V11NER ART UNIT CLASS-S UBCLASS

TRAN, KHANH C

1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list

CFR 1363)‘ ( 1) the names of up to 3 registered patent attorneys
3 Chan e of correspondence address (or Change of Correspondence or agents OR, alternatively.Address orm PTO/SB/122) attached. . . .

(2) _the name of a single firm (having as a member a
:1 "Fee Address" indication (or "Fee Address" Indication form l'eg1St91"3d '<1tt01'1'1e3’ 01' agent) and the P1311195 0f “P E0
’TO/SB/47; Rev 03-02 or more recent) attached. Use ofa Customer 2_ registered patent attorneys or agents. If no name Is
Vumher is required_ listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)
’LEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
reeordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.
(A) NAVIE OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : D Individual '3 Corporation or other private group entity '3 Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
3 Issue Pee D A check is enclosed.

:1 Publication Fee (No small entity discount permitted) 3 Payment by credit card. Form PTO—2038 is attached.
:I Advance ()1-def . # of Copies D The Director is hereby authorized to charge the required fee(s), any deficiency, or credit anyoverpayment, to Deposit Account Number (enclose an extra copy of this fonn).

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

:1 21. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 3 b. Applicant is no longer claiming SMALI. ENTITY status. See 37 CFR l.27(g)(2).
NOTE: The Issue Fee and Publication Fee (ifrequired) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed narne Registration No.

This collection of information is required by 37 CFR 1.311. The information is re uired 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. T is collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will var I de endin" 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 t e C ief Information Officer. U.S. Patent and Trademark Office, U_S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 2231} 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.

PTOI.-85 (Rev. 08/07) Approved for use through 08/31/2010. OMB 0651-0033 ILS. Patent and Trademark Office; US. DEPAR V ENT OF COMMERCE



Page 68 of 468

UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTIVIENT OF COl\rIMERCE
United States Patent and Trademark Office
Address: CO)/LVHS S IONER FOR PATENTS

P.O. Box 1450
Alexandria, Vinginia 22111-145!)www.uspto.gov

APl"T_l(7, ATTON NO. FlT.T\lG DATE FTRST NAMET) INVENTOR ATTORVFY TJOCKF.T N0. C(’)N'FlRl\«TATlON NO.

12/477,742 06/03/2009 David M. Krinsky 5550-2-CON-2-l 8072

62374 , 09/07/2010 E VHNER

Jason H. Vick TRAV’ KHANH C
S]1e1~1da11 Ross, PC ART UNIT PAPER NUMBER

Suite # 1200 2611
1560 Broadway 3 _
Denver’ DATE IVIAILED. 09/07/2010

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)

(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 0 day(s). If the issue fee is paid on the date that is three months after the

mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half

months) after the mailing date of this notice, the Patent Term Adjustment will be 0 day(s).

If a Continued Prosecution Application (CPA) was filed in the above—identified application, the filing date that

determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Infomiation Retrieval

(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of

Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at l—(888)—786-0101 or

(571)-272-4200.

Page 3 of 3
PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010.
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Application No. App|icant(s)

12/477,742 KRINSKY ET AL.

Examiner Art Unit

KHANH C. TRAN 2611

-- The MAILING DA TE 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. IXI This communication is responsive to the Amendment filed 8/17/2010.

2. IZI The allowed c|aim(s) is/are 47-52, which have been renumbered as claims 1-6, respectively.

3. El Acknowledgment is made ofa claim forforeign priority under 35 U.S.C. § 119(a)-(d) or (f).
a) I:I All b) I:I Some* c) I:I None of the:

1. I:I Certified copies of the priority documents have been received.

2. I:I Certified copies of the priority documents have been received in Application No.j

3. El 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 ofthis application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

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

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

(a) |:I including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached

1) I:I hereto or 2) I:I to Paper No./Mail Date

(b) E] including changes required by the attached Examiner’s Amendment / Comment or in the Office action of
Paper No./Mail Date

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

6. El 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. El Notice of References Cited (PTO—892) 5. El Notice of Informal Patent Application

2. El Notice of Draftperson‘s Patent Drawing Review (PTO-948) 6. El Interview Summary (PTO-413),
Paper No./Mail Date .

3. I:I Information Disclosure Statements (PTO/SB/08), 7. IE Examiner's Amendment/Comment
Paper No./Mail Date

4. I:I Examiner's Comment Regarding Requirementfor Deposit 8. IX Examiner's Statement of Reasons for Allowance
of Biological Material

9. El Other .

/KHANH C. TRAN/

Primary Examiner, Art Unit 2611

U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20100827
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1. The Amendment filed on 8/17/2010 has been entered. Claims 47-52 are still

pending in this Office action.

2. Claims 47-52 have been renumbered as claims 1-6, respectively.

Response to Arguments

3. App|icant’s arguments, see Applicants’ Remarks, filed 8/17/2010, with respect

to claims 47-50 have been fully considered and are persuasive. The rejection of claims

47-50 has been withdrawn.

4. The Terminal Disclaimer filed 8/17/2010 has been approved and entered.

5. The Specification filed 8/17/2010 has been entered.

Reasons for Allowance

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

6. The instant Application is directed to a transceiver capable of transmitting and

receiving, a non—transitory computer—readable information storage media having stored

thereon instructions that, if executed, cause a transceiver to perform a method of

transmitting and receiving a combination of uniquely distinct features "the message
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comprises one or more data variables that represent the test information, wherein bits in

the message are modulated onto DMT symbols using Quadrature Amglitude Modulation

(QAMl with more than 1 bit Q6!‘ sub-channel and wherein at least one data variable of

the one or more data variables comgrises an array regresentlng frequency domain

received idle channel noise information”.

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.”

Conclusion

7. Any inquiry concerning this communication or earlier communications from the

examiner should be directed to KHANH C. TRAN whose telephone number is (571)272-

3007. The examiner can normally be reached on Monday - Friday from 08:00 AM -

05:00 PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Shuwang Liu can be reached on 571-272-3036. The fax phone number for

the organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http://pair—direct.uspto.gov. Should

you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toIl—free). If you would like assistance from a

USPTO Customer Service Representative or access to the automated information

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

/KHANH C. TRAN/

Primary Examiner, Art Unit 2611
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‘ UNITED STATES PATENT AND TRADEMARK OEEICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Tradeulark Office
Address: CO1VH\/HSSIONER FOR PATENTS

1’ 0. Box 1450
Alexandtia, Virginia 22313-1450
www Ilsplo gov

BIB DATA SHEET

CONFIRMATION NO. 8072

SERIAL NUMBER FILINSIAQIIE 371(3) GROUP ART UNIT ATTOFINEg DOCKET
12/477,742 06/03/2009 5550-2-CON-2-1

RULE

APPLICANTS

David M. Krinsky, Acton, MA;
Robert Edmund Pizzano Jr., Stoneham, MA;
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This application is a CON of 10/619,691 07/16/2003 PAT 7,570,686 YES *
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and claims benefit of 60/174,865 01/07/2000 YES *
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Jason H. Vick
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1560 Broadway
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TITLE

SYSTEM AND METHOD FOR ESTABLISHING A DIAGNOSTIC TRANSMISSION MODE AND
COMMUNICATING OVER THE SAME

II All Fees

31.16 Fees (Filing)FEES: Authorit has been iven in Pa er
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Application/Control No. App|icant(s)lPatent Under Reexamination

Issue Classification 12477742 KRINSKY ET AL.

Examiner Art UnitKHANH C TRAN 261 1

ORIGINAL INTERNATIONAL CLASSIFICATION

CLASS SUBCLASS CLAIMED NON-CLAIMED

flfl—

ijjCLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
370 52

El Claims renumbered in the same order as presented by applicant E] El T.D El R.1.47

Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original
- - 17 - 331 3 49

2 — — 4 50
— — 5 51
— — 6 52

Total Claims Allowed:

6
(Assistant Examiner)
/KHANH C TRANI
Primary Examiner.Art Unit 2611 08/27/2010 O.G. Print C|aim(s) O.G. Print Figure

(Primary Examiner) (Date) 1 1
U.S. Patent and Trademark Office Part of Paper No. 20100827
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Applicationlcontrol No. App|icant(s)/Patent Under
Reexamination

593!‘Ch NOTES 12477742 KRINSKY ET AL.

Examiner Art Unit

KHANH C TRAN 2611

SEARCHED

Subclass Examiner

SEARCH NOTES

Search Notes Date Examiner

Update Searches on the Parent Cases US Patent 6,658,052 & US Patent 6/3/2010 KCT
7,570,686

Update EAST Searches & Double Patenting Searches 8/11/2010

INTERFERENCE SEARCH

Subclass Examiner

all subclasses previousl cited 8/27/2010
all subclasses previousl cited
all subclasses previously cited

/KHANH C TRAN!
Primary Examiner.Art Unit 2611

U.S. Patent and Trademark Office Part of Paper No. : 20100827
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II1deX Of Claims 12477742 KRINSKY ET AL.

Examiner Art Unit

KHANH C TRAN 2611
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Restricted Interference Objected

El Claims renumbered in the same order as presented by applicant

CLAIM
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U.S. Patent and Trademark Office Part of Paper No. : 20100827
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iI1deX Of Claims 12477742 KRINSKY ET AL.

Examiner Art Unit

KHANH C TRAN 2611

El Claims renumbered in the same order as presented by applicant

CLAIM

Final Original 06/03/2010 08/12/2010 08/27/2010
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39
40

41

42
43

44

45

46
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48

49

50
51
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U.S. Patent and Trademark Office Part of Paper No. : 20100827
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§"375"/$.cds.and § - § § O07/O3/28 ;
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......\.. n
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§(diagriostic same ('
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§(diagnostic adj
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‘O/13
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9:14
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9:37

_ 009/04/29
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§message) '
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§information) same 5
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§“375"/$.cc|s. and SPGPUB; = 009/04/29
§((diagnostic with bits)) SPAT ;o9:5s
iand (channel near ‘
§noise)

§“375"/$.cc|s. and §LS—PGPUB; 009/04/29 f
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§(channe| near
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iinformatiow) ) 0:03
§(channe| near ‘ 3
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§((diagnost
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§near noise)

0053/04/29
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§(diagnostic with tone)

V§“375“/$.cc|s. and - 009/05/05
§(diagnostic with tone) 2:01

§"375"/$.ccIs. and - 009/05/05
§(diagnostic with bits) 2:02

§((diagnostic adj 2:02 3
ginformation) with bits) ‘ 3 '

§"375"/$.cc|s. and (map ' 009/05/05
§$7 same (diagnostic adj 2:10
iinformation) same bits ‘
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§“375"/$.cc|s. and (map ' = O09/O5/O5
$7 with (diagnostic) §12:10
§with tone) 5 ‘

$7 with (diagnostic) §12:1O ‘
§with DMT) E

O09/O5/O5
2:10

009/ 05/ O5

O09/O5/O5
3:10

O09/O5/O5
3:10
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§(diagnostic adj 3
ginformation)
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4:32

009/ 05/ 05

5 : S S 4:39

§09/755173 - 009/05/05
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§“375“/$.cc|s. and §US—PGPUB; O09/05/O8
§( (diagnostic adj §USPAT §O6:53 E
§information) same 5
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§“379"/$.cc|s. and
§( (diagnostic adj
jinformation) same
§variab|es)

§“370"/$.cc|s. and
(diagnostic adj

ginformation) same
jvariables)

§“370"/$.cc|s. and
§( (diagnostic adj
iinformation) same
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ELSPGPUB;
§LSPAT

Ediagnostic) same DMT
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§$.cc|s. and ((test$6 = = 5
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= tal with test$6
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V375"/$.CC|S. and "370"/
§$.cc|s. and ((test$6 ‘
§with bit with tone) and

§Di\/IT)

§"375"/$.CC|S. and "370"/
§$.cc|s. and ((modu|at$5
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§DMT)

§“375“/$.cc|s. and "37o"/‘ LS-PGPUB;
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3 _USPGiPUB; = 010/05/27
§$.ccis. and ((modu|at$5 §USPAT ;10;2i
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§noise)) and DMT
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§and DMT
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§DiviT and ((diagnostic ; = 010/06/14
§near message) and §09:49
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§((diagnostic near ‘ 010/06/14
jmessage) same §10:O0 ‘
§(channe| adj noise)) 3
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Application No.: 12/477,742 Examiner: TRAN, Khanh C.

Filed: June 3, 2009 Confirmation No.2 8072

Atty. File No.: 5550-2-CON—2-1
\/\/%/L/\/\/\/M

For: MULTICARRIER MODULATION MESSAGING FOR FREQUENCY DOMAIN
RECEIVED IDLE CHANNEL NOISE INFORMATION

AMENDMENT AND RESPONSE

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

Applicants submit this Amendment and Response to address the Office Action having a

mailing date of August 16, 2010. 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 Specification begin on page 2 of this paper.

Amendments to the Claims are shown in the listing of claims which begins on page 3 of

this paper.

Remarks begin on page 5 of this paper.

Attorney Docket No.: 5550-2-CON-2-1
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AMENDNIENTS TO THE SPECIFICATION

Please change the title to read as follows:

S¥S MEFHOD FOR ESTA:BLISI=I-IN-G ADI4  

 MULTICARMERMODULATION

MESSAGING FOR FREQUENCY DOMAIN RECEIVED IDLE CHANNEL NOISE

INFORMATION

Attorney Docket No.: 5550—2—CON-2-1



Page 111 of 468

AMENDMENTS TO THE CLAIMS:

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

application.

Listing of Claims:

1. — 46. (Cancelled)

47. (Previously Presented) A transceiver capable of transmitting test information

over a communication channel using multicarrier modulation comprising:

a transmitter portion capable of transmitting a message, wherein the message comprises

one or more data variables that represent the test information, wherein bits in the message are

modulated onto DMT symbols using Quadrature Amplitude Modulation (QAM) with more than

1 bit per subchannel and wherein at least one data variable of the one or more data Variables

comprises an array representing frequency domain received idle charmel noise information.

48. (Previously Presented) A transceiver capable of receiving test information over a

communication charmel using multicarrier modulation comprising:

a receiver portion capable of receiving a message, wherein the message comprises one or

more data Variables that represent the test information, wherein bits in the message were

modulated onto DMT symbols using Quadrature Amplitude Modulation (QAM) with more than

1 bit per subchannel and wherein at least one data variable of the one or more data variables

comprises an array representing frequency domain received idle channel noise information.

49. (Previously Presented) In a transceiver capable of transmitting test information

over a communication charmel using multicarrier modulation, a method comprising:

transmitting a message, wherein the message comprises one or more data variables that

represent the test information, wherein bits in the message are modulated onto DMT symbols

using Quadrature Amplitude Modulation (QAM) with more than 1 bit per subchannel and

wherein at least one data Variable of the one or more data variables comprises an array

representing frequency domain received idle channel noise information.

Attorney Docket No.: 5 5 5 O-2-CON-2-1
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50. (Previously Presented) In a transceiver capable of receiving test information over

a communication charmel using multicarrier modulation comprising, a method comprising:

receiving a message, wherein the message comprises one or more data variables that

represent the test information, wherein bits in the message were modulated onto DMT symbols

using Quadrature Amplitude Modulation (QAM) with more than 1 bit per subchannel and

wherein at least one data variable of the one or more data variables comprises an array

representing frequency domain received idle channel noise information.

51. (Previously Presented) A non-transitory computer—readable information storage

media having stored thereon instructions that, if executed, cause a transceiver to perform a

method comprising:

transmitting a message, wherein the message comprises one or more data variables that

represent the test information, wherein bits in the message are modulated onto DMT symbols

using Quadrature Amplitude Modulation (QAM) with more than 1 bit per subchannel and

wherein at least one data variable of the one or more data variables comprises an array

representing frequency domain received idle channel noise information.

52. (Previously Presented) A non-transitory computer—readable information storage

media having stored thereon instructions that, if executed, cause a transceiver to perform a

method comprising:

receiving a message, wherein the message comprises one or more data variables that

represent the test information, wherein bits in the message were modulated onto DMT symbols

using Quadrature Amplitude Modulation (QAM) with more than 1 bit per subchannel and

wherein at least one data variable of the one or more data variables comprises an array

representing frequency domain received idle charmel noise information.

Attorney Docket No.: 5550-2-CON-2-l
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REMARKS

Applicants request reconsideration of this application as amended.

Applicants would like to thank Examiner Tran for the allowance of claims 51 and 52.

Claims 47-50 were rejected on the grounds of nonstatutory obviousness—type double

patenting as unpatentable over claims 1 and 9 of U.S. Patent No. 7,570,686.

In order to overcome the double patenting rejection, attached hereto is a Terminal

Disclaimer to obviate the double patenting rejection of claims 47-50 over claims 1 and 9 of U.S.

Patent No. 7,570,686 to Krinsky et al.

With all rejections having been overcome, Applicants respectfully submit 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.

on H. ick

Reg. No. 45,285

1560 Broadway, Suite 1200
Denver, Colorado 80202

Telephone: 303-863-9700

Attorney Docket No.: 5550-2—CON-2-l
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PTOISB/26 (07-09)
Approved for use through 07/31/2012. OMB 0551-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paerwork Reduction Act of 1995, no ersons are reuired to resend to a collection of infonnation unless it disla s a valid OMB control number.

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING D°°ket Number (0P“°"a')
REJECTION OVER A “PRIOR” PATENT 555°‘2'C°N'2'1

In re Application of: David M. Krinsky

Application No.: 12/477,742

Filed: June 3, 2009

For; MULTICARRIER MODULATION MESSAGING FOR FREQUENCY DOMAIN RECEIVED IDLE CHANNEL NOISE INFORMATION

The owner‘, AINABE Ng , of jog percent interest in the instant application hereby disclaims,
except as provided below. the terminal part of the statutory term of any patent granted on the instant application which would extend beyond
the expiration date of the full statutory term prior patent No. 7,570,686 as me tem of said prior patent is defined in 35 U.S.C. 154
and 173, and as the term of said prior patent is presently shortened by any terminal disclaimer. The owner hereby agrees that any patent so
granted on the instant application shall be enforceable only for and during such period that it and the prior patent are commonly owned. This
agreement runs with any patent granted on the instant application and is binding upon the grantee, its successors or assigns.

In making the above disclaimer, the owner does not disclaim the terminal part of the term of any patent granted on the instant application that
would extend to the expiration date of the full statutory temt as defined in 35 U.S.C. 154 and 173 of the prior patent, “as the term of said prior
patent is presently shortened by any terminal disclaimer," in the event that said prior patent later:

expires for failure to pay a maintenance fee;
is held unenforceable;
is found invalid by a court of competent jurisdiction;
is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;
has all claims canceled by a reexamination certificate;
is reissued; or
is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

Check either box 1 or 2 below, if appropriate.

1. ‘:1 For submissions on behalf of a business/organization (e.g., corporation, partnership, university, government agency,
etc.), the undersigned is empowered to act on behalf of the business/organization.

I hereby declare that all statements ma de herein of my own knowledge are true and that all statements made on in formation and
belief are believed to be true; a nd further that th ese statements were made with the knowledge that willful false statements and the like so
made are punis hable by fine or imprisonment, or both, under Se ction 1001 of Title 18 of the United States Code and that such willful false
statements mayjeopardize the validity of the application or any patent issued thereon.

2. The undersigned is an attorney or agent of record. Reg. No. 45285

August 17, 2010
Si ature Date

Jason H. Vick
Typed or printed name

303-863-9700
Telephone Number

Tenninal disclaimer fee under 37 CFR 1.20(d) included.

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

*Slatement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner).
Form PTOISB/96 may be used for making this certification. See MPEP § 324.

This collection of information is required by 37 CFR 1.321. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete,
including gathering. preparing, and submitting the completed application form to the USFTO. Time will vary depending upon the Individual case. Any comments
on the amount of time you require to complete th is form and/or suggestions for reducing this bu rden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, F'.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, F.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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Electronic Patent Application Fee Transmittal

Filing Date: 03-Jun-2009

SYSTEM AND METHOD FOR ESTABLISHING A DIAGNOSTIC TRANSMISSION

T'tI° °f I'“’°'“'°"’ MODE AND COMMUNICATING OVER THE SAME

First Named Inventor/Applicant Name: David M. Krinsky

Filer: Jason Vick/Joannevos

Attorney Docket Number: 5550-2-CON-2-1

Filed as Large Entity

Utility under 35 USC111(a) Filing Fees

Sub-Total in

USD($)

 

Description
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Sub-Total in

Description Usms)

Miscellaneous:

Statutory disclaimer

Total in USD ($)
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Electronic Acknowledgement Receipt

8237252

International Application Number:

Confirmation Number:

SYSTEM AND METHOD FOR ESTABLISHING A DIAGNOSTIC TRANSMISSION

ml‘ °f l""°"l'°"‘ MODE AND COMMUNICATING OVER THE SAME

First Named Inventor/Applicant Name: David M. Krinsky

Customer Number: 62574

Filer Authorized By: Jason Vick

Attorney Docket Number: 5550-2-CON-2-1

Filing Date: 03-JUN-2009

Time Stamp: 16:47:35

Application Type: Utility under 35 USC111(a)

Payment information:

Submitted with Payment y
ES

Authorized User

The Director ofthe 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 CFR. 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 CFR. Section 1.21 (Miscellaneous fees and charges)

File Listing:

Document . . . File Size(Bytes)/
Number Document Desmptlon Flle Name Message Digest Part /.zip (if appl.)

373636

AMEN D_02.pdf fdr3738898i 937b2D484 I 7b4if7b5e823ad
65aca

Multipart Description/PDF files in .zip description

Applicant Arguments/Remarks Made in an Amendment

Warnings:

Information:

137857

Terminal Disclaimer Filed Terminal_Disclaimer_01.pdf c4fD22be£‘26aS‘b9aa94645b72l8244cc83ei
0dc4

Fee Worksheet (PTO-875) fee-info.pdf 5743:?-73x§(lfiIlu-15:i74iu90<3fi83fiii-|rI'1
7il4

Warnings:
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO ofthe 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
Ifa 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
lfa timely submission to enter the national stage ofan international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/E0/903 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
lfa 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 ofthe 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/O6 (O7-O6)
Approved for use through 1/31/2007. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paerwork Reduction Act of 1995, no ersons are reuired to resend to a collection of information unless it disla s a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD APP"°a“°“ °’ D°°ke‘ N”mbe’ F‘”“9 Date
Substitute for Form PTO-875 12/477.742 06/03/2009 I:I To be Mailed

APPLICATION AS FILED — PART I OTHER THAN

(Column 1) (Column 2) sMAi_i_ ENTITY |:| OR SMALL ENTITY

NUMBERFILED RATE<$I FEW RAW) FEW
I:I BAS'C FEE N/A N/A N/A N/A37CFR1.16a, b ,or c

|:I SEARCH FEE
37CFR1.16I<, i,or(m N/A

D EXAMINATION FEE N(37 CFR 1.16(o), (p), or (q))
TOTAL CLAIMS
'37 CFR 1.16 i

INDEPENDENT CLAIMS , g *
'37 CFR 1.16 h)) m'””53‘

If the specification and drawings exceed 100
h t f th I‘ t‘ ' f d

DAPPLICATIONSIZEFEE is$§s%‘Z$IZ2iE;is§.ZI“;Lii1;§’?of':§ci‘?“ “
(37 CFR MGIS» additional 50 sheets or fraction thereof. See

35 U.S.C. 41 a 1 G and 37 CFR 1.16 s.

D MULTIPLE DEPENDENT CLAIM PRESENT I37 CFR1.16(I))
* If the difference in column 1 is less than zero, enter “0” in column 2.

APPLICATION AS AMENDED — PART II
OTHER THAN

(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL

08/17/201 0 AFTER PREVIOUSLY EXTRA RATE ($) FEE (as) FEE (sis)AMENDMENT PAID FOR
Total (37 CFR - ,,,,
iMinus

37 CFR1 I5 I’)

D Application Size Fee (37 CFR 1.16(s))

l-
2
Lu
2
D
Z
Lu
E
<

3 FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(j))

(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST

REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY EXTRA FEE ($) FEE (sis)AMENDMENT PAID FOR

1 1n Ii
Independent ,,,,*37 CFR1 16 h

D Application Size Fee (37 CFR 1.16(s))

Minus

AMENDMENT
3 FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(j))

:*If the entry in column 1 is less than the entryin column 2, write “O“ in column 3. n " Legal lnstrument Examiner.
If the Highest Number Previously Paid For’ IN THIS SPACE IS less than 20, enter 20 . /PAMELA THERAT-W

*** If the “Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter
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, US.
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.0. 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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“M,

i, 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
Alexandri; Virginia 22313-1450
www uspto gov

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

12/477,742 06/03/2009 David M. Krinsky 5550—2—CON—2—l 8072

62574 7590 08/16/2010 .. l;XAMlNl:R
Jason H. Vick

Sheridan Ross, PC
Suite # I200

1560 Broadway ART UNIT PAPER NUMBER
Denver, CO 80202

TRAN, KHANH C

2611

NOTIFICATION DATE DELIVERY MODE

08/16/2010 ELECTRONIC

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

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on aboVe—indicated "Notification Date" to the

following e—mail address(es):

jvick @ shcridanrosscom

PTOI.-90A (Rev. 04/07)
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Application No. App|icant(s)

12/477,742 KRINSKY ET AL.

Office Action Summary Examine, Art Unit
KHANH c. TRAN 2611

- The MAILING DA TE 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 Q MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.
— Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event. however. may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
— If NO period for reply is specified above. the maximum statutory period will apply and will expire SIX (5) MONTHS from the mailing date of this communication.
— Failure to reply within the set or extended period for reply will. by statute. cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication. even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)|X| Responsive to communication(s) filed on 03 June 2009.

2a)I:I This action is FINAL. 2b)IXI This action is non-final.

3)I:I Since this application is in condition for allowance except for formal matters, prosecution as to the merits is

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)IZ C|aim(s)i is/are pending in the application.

4a) Of the above c|aim(s) is/are withdrawn from consideration.

5)|Z C|aim(s) 51 and 52 is/are allowed.

6)XI C|aim(s) M is/are rejected.

7)I:I C|aim(s)j is/are objected to.

8)I:I C|aim(s)jare subject to restriction and/or election requirement.

Application Papers

9)I:I The specification is objected to by the Examiner.

10)IZ The drawing(s) filed on 03 June 2009 is/are: a)IZ accepted or b)I:I 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).

Replacementdrawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

11)I:I The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)I:I Acknowledgment is made ofa claim for foreign priority under 35 U.S.C. § 119(a)-(d) or ( ).

a)I:I All b)I:I Some * c)I:I None of:

Certified copies ofthe priority documents have been received.

Certified copies ofthe priority documents have been received in Application No.

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) E Notice of References Cited (PTO-892) 4) El Interview Summary (PTO-413)
2) El Notice of Draftsperson’s Patent Drawing Review (PTO—948) Paper NOIS)/M3” Datej
3) El Information Disclosure Statement(s) (PTO/SB/08) 5) I:I Notice of informal Patent Application

Paper No(s)/Mail Date . 6) D Other: _
U.S. Patent and Trademark Office

PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20100804
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Application/Control Number: 12/477,742

Art Unit: 2611

DETAILED ACTION

1. The Amendment filed on 6/9/2010 has been entered. Claims 47-52 are still

pending in this Office action.

Response to Arguments

2. Applicant’s arguments, see Applicants’ Remarks, filed 6/9/2010, with respect

to the rejection(s) of c|aim(s) 52 under 35 U.S.C 101 have been fully considered and are

persuasive. Therefore, the rejection has been withdrawn. However, upon further

consideration, a new ground(s) of rejection is made in view of Double Patenting

Rejection over U.S. Patent 7,570,686.

Double Patenting

The nonstatutory double patenting rejection is based on a judicially created

doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the

unjustified or improper timewise extension of the “right to exclude” granted by a patent

and to prevent possible harassment by multiple assignees. A nonstatutory

obviousness—type double patenting rejection is appropriate where the conflicting claims

are not identical, but at least one examined application claim is not patentably distinct

from the reference c|aim(s) because the examined application claim is either anticipated

by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg, 140
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Application/Control Number: 12/477,742

Art Unit: 2611

F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29

USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir.

1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422

F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528, 163

USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)

may be used to overcome an actual or provisional rejection based on a nonstatutory

double patenting ground provided the conflicting application or patent either is shown to

be commonly owned with this application, or claims an invention made as a result of

activities undertaken within the scope of a joint research agreement.

Effective January 1, 1994, a registered attorney or agent of record may sign a

terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with

37 CFR 3.73(b).

3. Claim 47 is rejected on the ground of nonstatutory obviousness—type double

patenting as being unpatentable over claim 9 of U.S. Patent No. 7,570,686. Although

the conflicting claims are not identical, they are not patentably distinct from each other

because the following reasons.

Pending claim recites “A transceiver capable of transmitting test information

over a communication channel using multicarrier modulation comprising: a transmitter

portion capable of transmitting a message, wherein the message comprises one or
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Application/Control Number: 12/477,742 Page 4

Art Unit: 2611

more data variables that represent the test information, wherein bits in the message are

modulated onto DMT symbols using Quadrature Amplitude Modulation (QAM) with

more than 1 bit per sub-channel and wherein at least one data variable of the one or

more data variables comprises an array representing frequency domain received idle

channel noise information".

Claim 9 of U.S. Patent No. ‘686’ recites “A multicarrier communication

transceiver capable of communicating diagnostic information over a communication

channel using multicarrier modulation comprising: means for transmitting or receiving at

the multicarrier communication transceiver an initiate diagnostic mode message; and

means for transmitting from the multicarrier communication transceiver a diagnostic

message using multicarrier modulation, wherein the diagnostic message comprises a

plurality of data variables representing the diagnostic information about the

communication channel and each bit in the diagnostic message is mapped to at least

one DMT symbol, and wherein one variable comprises an array representing frequency

domain received idle channel noise information”.

Pending claim differs from claim 9 of U.S. Patent No. ‘686’ in that pending

claim recites “a message" instead of “diagnostic message" recited in U.S. Patent No.

‘686’; “the message comprises one or more data variables that represent the test

information” instead of “the diagnostic message comprises a plurality of data variables

representing the diagnostic information” as recited in U.S. Patent No. ‘686’; “at least one
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Application/Control Number: 12/477,742

Art Unit: 2611

data variable of the one or more data variables comprises an array representing

frequency domain received idle channel noise information” instead of “one variable

comprises an array representing frequency domain received idle channel noise

information” as recited in U.S. Patent No. ‘686’. The claimed features “transmission

portion” corresponds to the means for transmitting as recited in U.S. Patent No. ‘686’;

and DMT symbols being modulated using QAM are inherent features as well known in

the art. In view of that, pending claim is broadened in scope and an obvious variation of

patented claim 9 of U.S. Patent No. ‘686’. Because of that, pending claim is rejected on

the ground of nonstatutory obviousness-type double patenting as being unpatentable

over claim 9 of U.S. Patent No. 7,570,686.

4. Claim 48 is also rejected on the same ground as recited in claim 47 over claim

9 of U.S. Patent No. 7,570,686 since the multicarrier communication transceiver, as

recited in U.S. Patent No. ‘686’, is capable of transmitting or receiving at the

multicarrier communication transceiver an initiate diagnostic mode message.

5. Claim 49 is rejected on the ground of nonstatutory obviousness-type double

patenting as being unpatentable over claim 1 of U.S. Patent No. 7,570,686, using the

same arguments as discussed in claim 47 rejection.

6. Claim 50 is also rejected on the same ground as recited in claim 49 over claim

1 of U.S. Patent No. 7,570,686 since the transceiver, as recited in claim 1 of U.S. Patent
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No. 7,570,686, capable of transmitting or receiving at the multicarrier communication

transceiver an initiate diagnostic mode message.

Allowable Subject Matter

7. Claims 51-52 are allowed.

Conclusion

8. The prior art made of record and not relied upon is considered pertinent to

applicant's disclosure.

Liang et al. U.S. Patent 6,445,773 B1.

KOrkosz et al. U.S. Patent 6,781,513 B1.

9. Any inquiry concerning this communication or earlier communications from the

examiner should be directed to KHANH C. TRAN whose telephone number is (571 )272—

3007. The examiner can normally be reached on Monday - Friday from 08:00 AM -

05:00 PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Shuwang Liu can be reached on 571-272-3036. The fax phone number for

the organization where this application or proceeding is assigned is 571-273-8300.
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Art Unit: 2611

Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http://pair—direct.uspto.gov. Should

you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toIl—free). If you would like assistance from a

USPTO Customer Service Representative or access to the automated information

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

/KHANH C. TRAN/

Primary Examiner, Art Unit 2611
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§(Puise adj width adj - O07/O3/28
§modulat$6) same (FSK) 0:04

O07/O3/29
9:09

O07/O3/29
9:09

007/ 03/ 29

§“375"/$.ccls. and
§(diagnos$6 same
§((frequency adj
§domain) with (idle adj

§channel adj noise))) : (

§(diagnos$s same ; _ O08/O5/27
§((frequency adj = S 5 5
jdomain) with (idle adj
jchannel adj noise)))

§(diagnos$s and SPGPUB; 008/05/27
§((frequency adj SPAT :
gdomain) with (idle adj ‘ 3 5 5
gchannel adj noise)))

“
3 §LSPA“ 0:03 *

d‘6‘§76B7§7‘""‘
3 s 0:03

310519591" ; O08/O6/O8
312

§“375“/$.ccls. and - ‘ O08/O6/O8
§((diagnostic adj §23:32 ~
§information) same ‘ 3
§(DVlT adj symbol)) _ S _(

§“375“/$.ccls. and - O08/O6/O8
§((diagnostic) with (DMT §23:32
§ad' symbol)) S

§((diagnostic) with (DMT §23:33 3

......\.. n

§n‘a7a:i‘§‘;s:;‘a‘v““

, O08/O6/08

§((diagnostic) with ;23:3s

V§"375"/$.ccls. and - O08/O6/O8
§((diagnostic) with 5 ' E
§(DVlT ))

BM_TDB
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§"375"/$.ccIs. and §LS—PGPJB; §2008/O6/O8
§((diagnostic) same §LSPAT; 3 5
5 §DERWE\|T;

§“375"/$.cc|s. and - §2008/O6/O8
§((diagnostic) same ; §23:34
§(mu|ticarrier)) §DERWE\JT;

EIBMJDB j

§“375"/$.cc|s. and §LS—PGPJB; $2008/O6/O8
§((diagnostic adj ELSPAT; 5
jinformation) same §DERWE\JT;
§(mu|ticarrier)) S S 5

§“375"/222.co|s. and - §2o08/06/08
§((diagnostic adj 5 5 5

““““““‘V

§2oo8/06/09

gidle adj channel adj - $2008/06/09

§S333 and DMT ; §2oo8/06/09
§08:09

$3333 ande (diagnostic) - E2008/O6/O9
S §O8:14

5 5 3 508- 1 4

3 75“/$.cc|s and
§(diagnostic adj symbol)

§“370“/$.cc|s and
§(diagnostic adj symbol)

§“370“/$.cc|s w"
§(diagnostic adj“““““““ 3““““‘“**‘““““" i‘‘“**‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘“‘*‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘**‘““‘‘‘‘‘‘‘‘‘‘ r**‘

§"375"/$.CC|S W'th §LS-PGP ' E2008/O6/O9
§(diagnostic adj ‘ = 3 5

§“375“/$.cc|s w‘
§(diagnostic same

3:.“............... P...............\\I~I\\\’ =..........\\I~I\.................~..
3 S

§"370"/$.CC|s w'

§"37o"/$.ccIs w"

§“375“/$.cc|s w‘ - _ §2oo8/06/09
with symbol) §O8:23
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§(diagnostic with DMT)

$375/222.ccIs. and
§(diagnostic with tone)

§“375“/$.cc|s. and
_§(diagnostic with tone)

§(diagnostic with DMT)

§"370"/$.ccIs with
§(testing with symbol)

§(diagnos$8 same (DMT

§(map$7same (DMT adj
§symbo|)) ;

§((diagnostic) with (DMT
gadj symbo|)) 5

§((diagnostic) same
§(DMT adj symbo|))

§transmit$7 with
§diagnostic

§“375"/$.cc|s. and
§(transmit$7 with
§diagnostic)

§“375"/$.cc|s. and
§(transmit$7 near3

§diagnostic)

§"375"/222.coIs. and
§(diagnostic adj mode)

§"375"/222.ccIs. and
§(id|e adj channel adj
§noise)

V§“375“/$.cc|s. and
modem and (idle adj

§channe| adj noise)

E375/222.co|s. and
§(diagnostic adj bits) _

$75“?‘
§(diagnostic with bits)

gus
§USPA"

§US- PGP ' _
§USPA_

ELJSPA‘

008/ 06/ 09

8:24
008/ 06/ O9

O08/O6/O9
8:28

O08/O6/O9
8:26

008/ 06/ O9

008/ 06/ 09
9:42

= O08/O6/O9

§O9:42

O08/O6/O9

§O9:42
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§375/222.ccis. and
§(diagnostic adj

iiriformatiori) and DMT

920020031 167"

§“200‘l 0047424“

§"6e979e9".pn.

§"65io1e2".pn.

upgrad$7 adj
jfirmware) with (cable
§adj modem)

§(upgrad$7 adj
§firmware) same (cable

§adj modem)

§(upgrad$7 adj
gfirmware) same (CMTS

§(upgrad$7 adj
gfirmware) and (Cl\/ITS

§and Tl-‘l'P)

§(upgrad$7 adj
gfirmware)

§(upgrad$7 adj 5
gfirmware) same modem

and ((upgrad$7
§adj firmware) same

same (upgrad$7
§adj firmware)

§Cl\/ITS same (digital adj
§subscriber adj ine)

§Cl\/lTSwith (digital adj
§su bscriber adj ine)

§“375“/$.ccls. and (idle
§adj channel ad_' noise)

§“375“/$.ccls. and
§(diagriostic same ('
§adj channel ad_' noise))

§(diagnostic and (idle
§adj channel ad‘ noise))

§(diagriostic and (idle
§adj channel ad_' noise))

“ §(8i‘é§?iBE{i‘E“58j‘
gmessage) and idle adj
goharinel adj no'se)
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................. \‘§......................W..........................................................

§(diagnostic) and (idle
§adj channel adj noise)

§(diagnostic adj mode)
§and (idle adj channel

jadj noise) : P ‘

”‘§5E£EE%fiE) §¥§<Em§”""mmmmmmmmmmmmmVmmmmmmmmmmmm“§””””““
jadj channel adj noise) ‘
§and modem

§(diagnostic) and (idle
§adj channel adj noise)

§"6631120“.pn.

$10/619691

‘$09/7551 73

um E6E2»g§$EEE»»»»»»»»»““““»»»»»»»“x“» »x»»»»»»»»»xxxxxxx“»»»;»»»»““““»»—L»»»»»xxxxxx»x»»»»»»»»““x““»»»»— §»““““»»»»»»

““‘ lg‘?‘67‘é‘?§g§;“““““‘““““““‘““““" ;““““‘“""‘““““‘““““““““‘3‘

§“6658052“.pn.

Q g‘Ei3éiiE‘
jmessag e)

§(diagnostic adj
jmessage) same
jvariables

§((diagnostic adj
gmessage) same

§variables) and
gmulticarrier

§((diagnostic adj
§message) same

jvariables) and DMT

§((diagnostic adj
gmessage) same

jvariables same array)

§11/510121

§(diagnostic near bits)

§(diagnostic near bits)
§same (DMT)

§(diagnostic near bits)
§and (DMT near symbol)

‘O/13

‘O/13

‘O/13

8:48

O09/O4/28
9:14

O09/04/29
9:37

_ 009/04/29

§09:37
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“

‘$375/222.00 .
§((diagnostic near bits) )

$375/222.00 s. and ((test
§near bits) with DMT) 5

§375/222.co s. and
§((pattern near bits)

§375/222.cc . - 009/04/29
§(diagnostic §O9:4‘1
§message) '

$375/222.co . - 009/04/29
§(diagnostic ' §O9:42
imessages) 5 5

$375/222.cc .
§((diagnostic with
§information) same

§variab|es same DMT)

§375/222.ccIs. and §LS—PGPUB; 009/04/29
§((diagnostic with §LSPAT 9:48
§information) same 5
ivariables)

§375/222.cc|s. and §LSPGPUB; = 009/04/29
§((diagnost'c with §o9:5o ~
§informatio1) same ‘

§Di\/IT) E = §
$375/222.co . ; 0029/04/29 3
§((diagnost' ' 9:50
§informatio 5 3 ‘

§((diagnost'c with mode) 9:54

§375/222.cc . - ‘ _ 009/04/29
§((diagnost' E09254

$375/222.co ; 009/04/29
§((diagnost §09:55
§and (channel near ‘ 5
§noise)
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§“375"/$.cc|s. and SPGPUB; = 009/04/29
§((diagnostic with bits)) SPAT ;o9:5s
iand (channel near ‘
§noise)

§“375"/$.cc|s. and §LS—PGPUB; 009/04/29 f
§((diagnostic w'th §1o:o2
§symbo|s) )
§(channe| near

§((diagnost'c w' - 009/04/29
§symbo|s) ) and §10:03
§(channe| near noise) ‘

§((diagnost'c w'th
§DMT) ) and (channel

inear noise 5 3 it

§((diagnost'c w'th ; 009/04/29
iinformatiow) ) 0:03
§(channe| near ‘ 3

§((diagnost' ' - = 009/04/29

‘ = d6§}‘6Zi‘§‘§”‘""W§

§((diagnost
§DMT) ) same (channel

§near noise)

0053/04/29
0:27

§(diagonostic with tone)

§(diagnostic with tone)

V§“375“/$.cc|s. and - 009/05/05
§(diagnostic with tone) 2:01

§"375"/$.ccIs. and - 009/05/05
§(diagnostic with bits) 2:02

§((diagnostic adj 2:02 3
ginformation) with bits) ‘ 3 '

§"375"/$.cc|s. and (map ' 009/05/05
§$7 same (diagnostic adj 2:10
iinformation) same bits ‘
§same tone)

§“375“/$.cc|s. and (map EUSPGPUB; 009/ 05/ 05
$7 same (diagnostic) §USPAT 2:10
gssame tone) 3
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§“375"/$.cc|s. and (map ' = O09/O5/O5
$7 with (diagnostic) §12:10
§with tone) 5 ‘

$7 with (diagnostic) §12:1O ‘
§with DMT) E

O09/O5/O5
2:10

009/ 05/ O5

O09/O5/O5
3:10

O09/O5/O5
3:10

Esame tone) 5

§(diagnostic adj 3
ginformation)

§10/619891 ; 009/05/05
4:32

009/ 05/ 05

5 : S S 4:39

§09/755173 - 009/05/05

m~ Ex:IEéxgéaEE1:j~Bax:~“mmmmuu“m~ 5-----““m-ummmxm

““‘ §‘$‘67‘é"i‘§E6?“““““‘““““““‘““““" ;““““““""““““‘““““““““‘§‘““""“““““““‘““““““‘“' §“““““““‘“‘

§"6e58o52“.pn.

= agnostic J
iinformation) same

§(array) same variables

§“375“/$.cc|s. and - O09/05/O8
§( (diagnostic adj §USPA' §06:53
iinformation) same 5
§(array) same variables)

§“375“/$.cc|s. and §US—PGPUB; O09/05/O8
§( (diagnostic adj §USPAT §O6:53 E
§information) same 5
§variab|es)
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§“379"/$.cc|s. and
§( (diagnostic adj
jinformation) same
§variab|es)

§“370"/$.cc|s. and
(diagnostic adj

ginformation) same
jvariables)

§“370"/$.cc|s. and
§( (diagnostic adj
iinformation) same
5 ' bles) and odem

ELSPGPUB;
§LSPAT

Ediagnostic) same DMT

jtest) same DMT ‘ 3.- \\\

§test$6) same DMT ‘

§(message with test$6)
gsame DMT

§$.cc|s. and ((test$6 = = 5
‘ 'th tone) same DMT)

= tal with test$6

§with tone) same DMT)

V375"/$.CC|S. and "370"/
§$.cc|s. and ((test$6 ‘
§with bit with tone) and

§Di\/IT)

§"375"/$.CC|S. and "370"/
§$.cc|s. and ((modu|at$5

§with bit with tone) and ‘
§DMT)

§“375“/$.cc|s. and "37o"/‘ LS-PGPUB;
§$.cc|s. and ((modu|at$5 §LSPAT
§with bits with tone) and

§(test adj information) ‘
§and DMT)

3 USPGPUB;
§$.cc|s. and ((modu|at$5 §USPAT
§with bit with tone) and ‘
§DMT) and (data near
§variab|es)

5 _USPGPUB;
§$.cc|s. and ((modu|at$5 EUSPAT
§with bit with tone with ‘

§(channe| adj noise))
§and D|\/IT)
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: O09/O5/O8
§O6:54

O09/O5/O8

§06:54

O09/O5/O8

;oe:55

9:48

9:48

O10/O5/27

E0211

0:12

_ 010/05/27

gt 0:18

_ 010/05/27

§1o:20
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3 _USPGiPUB; = 010/05/27
§$.ccis. and ((modu|at$5 §USPAT ;10;2i
§with bit with tone) 5
§same (channel adj

§noise)) and DMT

§((modu|at$5 with bit ELSPGPUB; = 010/05/27
§with tone) same §LSPAT §10:24
§(charine| adj noise)) 5
§and DMT

§(send with (channel adj - 010/05/27
§noise)) and DMT :26

§(messag$3 with - = 010/05/27
§(charine| adj noise)) 5 5

§(bits with DMT with ; 010/05/27
§(channe| adj noise)) 5 =
§and DMT

gsame test j 5

§message same variable ' O10/O6/O3
gsame test same DMT 9:44

‘ metest same QAM ‘

3 essage same 5
gvariable same test) and
§DMT 5

§"6075821“.pn. ; 01 0/06/03

§"6e58052“.pn. ; 01 0/06/14
9:25

§"375"/$.ccis. and - O10/O6/14
§(diagnostic near §09:38
§message) 5 5 3

=
§$.cc|s. and (diagnostic §O9:38 ~
§near message) ‘

§DiviT same (diagnostic - O10/O6/14
jnear message) 9:48

§DiviT and ((diagnostic ; O10/06/14
jnear message) same §O9:49
§(ohanne| adj noise)) 5 5 5 5
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§DiviT and ((diagnostic ; = 010/06/14
§near message) and §09:49
§(channe| adj noise)) ‘ 5 ‘ ‘ E

§((diagnostic near ‘ 010/06/14
jmessage) same §10:O0 ‘
§(channe| adj noise)) 3

§((diagnostic near ' _ _ O10/O6/14
jmessage) and (channel ‘ 3 5
§adj noise)) _ E S

§"6445773".pn. - 010/06/14

§"375"/$.ocIs. and ; 010/08/O4
§(message same test 0:00
§same DMT) ‘ E

§“375"/$.cc|s. and (test - 010/08/04
§near message) 0:01

t
jnear message) same §10:01 ~
§D'V'T) 1

§“375"/$.cc|s. and ((test - 010/08/04
jnear message) and §10:01
_§DMT) = 5

6445773“ . pn. 010/08/04
0:11

010/08/04
0:18

E O10/O8/O4

§(DMT with tone) same
§(channe| near noise)

§(tone with test with
jinformation)

010/08/O4
0:21

010/08/04
0:30

O10/O8/O4
E :30

§(tone near test near
ginformation)

§message with (DMT adj

§message with (DMT adj
§symbo|s) with (channel

§adj noise) 3 E S

§me-ssage with (DMT adj ' 010/08/O4
§symbo|s) with (noise) 0:30

§(test near2 information) ; E 010/08/04
§with (DMT adj symbols) g10:32

§(test near information) - 010/08/04
gwith (DMT adj symbols) 0:32

§(test with information) ' O10/O8/O4
gwith (DMT adj symbols) 0:32

§(test with information) - 010/08/04
3 with (DMT adj symbol) ;

...i..S...... .....................$2Egg..m.H..m6m].;fi,6,fi3......
3 §with (DMT) f j .

§"6658052“.pn. - _ _ O10/08/O4
3 5 S 5 §10:35
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test near result) with - O10/O8/O4
DMT adj symbols) 0:42

_ O10/O8/O4

test near result) with - O10/O8/O4
DMT adj tone) 0:42

O10/O8/O4
0:42\\\ ““‘“ .\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\' \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\< ¢“““\.....“..‘ ..

-
; § 0343“““““““ f““““““““““‘“ f"‘““'2"""""‘“"""""“‘““““““““““‘ :“""""""""““““‘“““““““'E"""""‘““‘““‘“““““““““‘ §“““““““““

22 )0 §DM and ((test near ;LSPGPJB; §OR §ON O10/O8/O4
§resu|t) near (tones)) §LSPA“ S

(
§resu|t) near (tone)) §LSPA‘

§Dlvl“ and ((test near ELSPGPJB; §ol\l O10/O8/O4
§resu| ) with (tone)) §LSPA" 5 5 = 0:44.Q.W........ss\\\\.“..........s“““.“....... “““m.........““““ ..s““““..........“““... ......m“““. .......m““.. .......s“““.. ...... “.“..........s““\£

8/11/201010:55:53 AM
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SPREAD SPECTRUM HANDSHAKE FOR DIGITAL SUBSCRIBER LINE

TELECOWWNICATIONS SYSTEMS

Priority is claimed from provisional application Serial No.

60/090,333 filed June 23, 1998 which is hereby incorporated by

reference in its entirety herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates broadly to telecommunications

systems and methods. More particularly, the present invention

relates to a handshake for an xDSL (Digital Subscriber Line

type) modem.

2. State of the Art

~ Digital subscriber line (DSL) systems are a new and fast-

growing data transmission service which provide significantly

higher data rates than conventional V.34 and V.9O type modems.

The abbreviation “XDSL” is an integrated designation for

different DSL services including ADSL (asymmetric DSL), SDSL

(symmetric DSL), RADSL (rate—adaptive DSL), HDSL (high speed

DSL), and VDSL (very high speed DSL), UDSL (universal DSL), and

their modifications such as ADSL—LITE (also known as G.lite).

The xDSL services typically provide data rates of several

Mbits/s downstream and several hundred Kbits/s upstream,

although SDSL provides the same upstream and downstream rates.

All types of DSL are based on discrete multitone (DMT)

technology although they have different parameters. See, J.

Makris, “DSL Services”, .April 1998. and

ANSI Tl.4l3 -1995 “Network and Customer Installation Interfaces

- Asymmetrical Digital Subscriber Line (ADSL) Metallic
Interface”.

According to the ITU—T telecommunications standards for the

XDSL services, at modem start—up a handshake procedure (called

G.hs) is utilized. The requirements for G.hs are set forth in

several documents such as “Proposal for G.hs Modulation
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Technique and Message Protocol”, lIfl;I_IelegQmmunicatign

 ,C1-O68 Chicago, USA 6-9 April 1998, and

“Handshake procedures for Digital Subscriber Line (DSL)

transceivers”, ITU—T Draft G.994.1 (February 3, 1999) which are

both hereby incorporated by reference herein in their

entireties. The main requirements of the handshake are:

transmission of several tens of bytes during the handshake;

signal compatibility with all types of DSL receivers; and

interworking with the plain old telephone service (POTS), the

integrated services digital network (ISDN), and time compression

multiplexing ISDN (TCM-ISDN). Meeting these main requirements

is not a trivial task because of considerable noise and cross-

talk impairments, and lack of knowledge regarding the frequency

characteristics of the channel, all of which is described in

various papers such as: Matsushita Electric Industrial Co. Ltd,

“Proposed Working Text for G.hs Based on V.8bis”, llfl;

 ,Nice, France,

11-14 May 1998; Matsushita Electric Industrial Co.

“Spectrum Considerations for G.hs", 11u;Ie1eggmunicatign§

3LanQardizaLiQn_3ectQrL_NE;QA5, Nice, France 11-14 May 1998;

Matsushita Electric Industrial Co., Ltd., “Crosstalk Model

Proposed Working Text for G.hs Test” lIfl;Ie1ecommunicatigns

51anQa1dizatign_fiegtQrL_NE;QA§, Nice, France 11-14 May 1998;

NEC, “Desired Spectrum Range for G.hs under TCM-ISDN", liu;

 .Nice. France

11-14 May 1998; and 3Com, “Proposed Spectrum and Tone Selection

for G.hs”, IIQ-Telecommunications Standardization Sector. NE-

Q58, Nice, France 11-14 May 1998.

More particularly, signal attenuation across lines carrying

xDSL signals is a non-monotonic function of frequency, and may

have several deep notches, while noise power spectral density

(PSD) is also not a flat function of frequency. As a result,

the signal to noise ratio (SNR) is a complex multiextremes

function of frequency. Moreover, the SNR is subject to random

and cyclic variations in time. For example, in the TCM-ISDN

environment which includes the so-called “ping-pong mode” of up-

and down-transmissions, far-end cross—talk (FEXT) and near-end
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cross-talk (NEXT) interleave at a frequency of 400 Hz. Since
FEXT and NEXT processes have significantly different power

spectral densities, significant NEXT noise is introduces every
other 1.25 milliseconds.

As set forth above, several authors have made proposals

regarding G.hs techniques. The core of these proposals has been
two-tone transmission with different bit rates depending upon
the noise environment. Frequency diversity is provided by bits
duplication on nominal and backup carrier tones. Time diversity
is provided by increasing the symbol interval (i.e., decreasing
the symbol rate). These proposals have several disadvantages.
First, both the nominal and backup tones may be located in
notches or other frequency domain areas having a low SNR, thus
rendering the handshake ineffective. Second, increasing the
symbol interval may not be sufficient to account for bursty
noise. For example, in the TCM—ISDN environment, the signal to
noise ratio may be below an acceptable level every other 1.25 ms
interval. Even if the initial symbol interval of .232 ms were
to be increased by a factor of four to .928 ms as suggested by
one of the authors in the art, the entire interval could be
located within the 1.25 ms high noise window. In fact, even
increasing the symbol interval by a factor of 8 would still only
provide a final symbol interval of 1.885 ms which could be 67%
covered by the low SNR area.

SUMARY OF THE INVENTION

It is therefore an object of the invention to provide a

handshake for an XDSL modem which meets proposed xDSL standards
requirements.

It is another object of the invention to provide a

handshake for an XDSL modem which has excellent frequency

diversity and time diversity and provides excellent reliability.

It is a further object of the invention to provide an XDSL

modem handshake which utilizes multitone signaling.
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It is an additional object of the invention to provide an

XDSL modem handshake which will interwork with existing

telecommunications services.

Another object of the invention is to provide modems and

methods for implementing the above—listed objects.

In accord with the objects of the invention, handshake

information for xDSL services are transmitted utilizing a spread

spectrum modulated system where a plurality (n) of carrier tones
(n > 2) are summed and utilized as a spread spectrum carrier
(SSC), and data is modulated onto the carrier (at all utilized
frequencies). Preferably, phase shift keying (PSK) modulation
(or a variation thereof such as BPSK — binary PSK, or DBPSK —
differential binary PSK) is used as the modulating technique.
When the spread spectrum carrier is modulated by handshake bits
according to BPSK, the SSC is transmitted with sign “+” if the
handshake bit is a +1 and with sign “—" if the handshake bit is
a “-1”. When using DPSK, the same modulation procedure is used
for differentially encoded handshake bits.

According to one preferred aspect of the invention, the

handshake symbol rate (SR) is set equal to .8A symbols/msec,
where A is a positive integer. In order to improve reliability,

symbols are preferably repeated at least four times. According
to another preferred aspect of the invention, a preamble can be

provided for timing recovery purposes. Further aspects of the
invention include different receiver systems, including a

quasicoherent receiver, an autocorrelation receiver, and a
presently preferred incoherent receiver which utilizes coherent
accumulation of FFT components for a DBPSK spread spectrum

handshake signal.

Additional objects and advantages of the invention will

become apparent to those skilled in the art upon reference to
the detailed description taken in conjunction with the provided

figures.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. l is a block diagram of the preferred transmitter of
the invention.

Fig. 2 is a diagram showing the signal structure of the

preferred handshake signal of the invention.

Fig. 3a is a block diagram of an autocorrelation receiver

of DBPSK signals according to the invention;

Fig. 3b is a block diagram of a quasicoherent receiver of

DBPSK signals according to the invention; and

Fig. 3c is a block diagram of an incoherent receiver which
utilizes coherent accumulation of FFT components for a DBPSK

spread spectrum handshake signal according to the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

According to the invention, handshake information for XDSL

services is transmitted by modulating the handshake information

on a spread spectrum carrier (SSC), where the SSC is a sum of

tones conventionally used by XDSL for the data transmission

mode. As seen in Fig. 1, the transmitter 10 includes a phase

initialization (PI) unit 15, an inverse fast Fourier

transformation (IFFT) unit 20, a spread spectrum carrier (SSC)

memory 25, a modulator 30, a differential encoder 35 and a block
frame unit 40. In essence, the phase initialization unit l5

generates complex numbers indicating a desirable amplitude and

initial phase distribution for a plurality of multitone signals.

Preferably, the amplitude distribution is chosen to be flat

(uniform). According to the preferred embodiment, the initial

phases of different tones are generated randomly or selected

specifically in order to minimize the crest—factor of the

generated tones. Regardless, where DMT—style implementation is
utilized, the IFFT transforms a set of complex numbers into a
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set of time—domain samples which are stored in memory 25. If,

for example, all or substantially all two hundred fifty—six DMT

tones (such as might be utilized in ITU—T Standard G.992.2) are

generated by the PI unit 15, a five hundred twelve sample set

may be stored in the memory 25. Additional repetitive samples

may also be stored in the memory, if desired as a prefix which
can be used by the receiver to reduce distortion. If desired,

the samples may be generated in other manners (e.g., without the

PI and IFFT, or in another apparatus) and loaded and stored in

the transmitter memory for use as described below.

While all two hundred fifty—six DMT tones may be included

in the spread spectrum carrier, it should be appreciated by

those skilled in the art that according to the invention,

different numbers of tones (and different tones) can be used in

different circumstances, provided a spread spectrum carrier is

utilized. Thus, for purposes of this application, a carrier may

be considered a spread spectrum carrier if three or more

distinct tones are modulated together. Thus, the SSC for a

down—stream connection may contain a full or partial set of

down-stream tones, while the SSC for an up-stream connection

could contain a full or partial set of up-stream tones. For

example, a G.Lite ADSL up-stream SSC might utilize allowed tones

from the set six through thirty-two (25,875 kHz... 138 KHZ),

while the downstream SSC might utilize allowed tones from the

set thirty-three through one hundred twenty—eight (142.3125 kHz

... 552 kHz). The SSC may contain only even or odd tones to

reduce the processing at the receiver.

Handshake information (as described below with reference to

Fig. 2) which is to be modulated onto the spread spectrum

carrier is provided to the differential encoder 35 and

differentially encoded bits are written to the block frame unit

According to the preferred embodiment of the invention, the

handshake information is provided to the differential encoder at

a speed of .8 kbps, and differentially encoded 4-bit subblocks
are written into registers of the block frame unit 40.

Preferably, each 4-bit subblock is read four times such that
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each block frame is provided to the modulator 30 with a speed of

3.2 kbps.

When no differential encoder is utilized, the modulation

technique is preferably is a binary phase shift keying (BPSK).

When a differential encoder is utilized, the modulation

technique is preferably a differential BPSK. Regardless, the

modulator 30 uses the output of the block framer unit 40 to

select whether the samples stored in the memory 25 are to be

transmitted as is, or inverted (i.e., multiplied by -1 or 180

degrees out of phase). The samples stored in the memory 25 are

sequentially read out of the memory so that all samples are

modulated (i.e., transmitted as is or inverted) at the proposed

symbol rate discussed below. When BPSK is utilized, the SSC

samples are transmitted with sign “+" if the handshake bit is a

“+1”, and transmitted with sign “—” if the handshake bit is “-1”

(or vice versa). When using DBPSK, the same modulation

procedure is used for differentially encoded handshake bits.

It will be appreciated by those skilled in the art that

while BPSK or DBPSK modulation is preferred, other modulation

techniques such as QPSK (quadrature PSK), DQPSK (differential

QPSK), frequency modulation, amplitude modulation, and

quadrature amplitude modulation could be utilized.

Details of the handshake which modulates the SSC is seen in

Fig. 2. According to the preferred embodiment of the invention,

the handshake includes a preamble and a G.hs message. The

preamble comprises N subblocks of a distinct four bit sequence

“l,l,l,—l" followed by four subblocks of a four bit divider

sequence “-1,—l,-l,—l”, followed by eight subblocks of a

pseudorandom sequence (as specified). Each subblock is

preferably generated at a 1.25 millisecond rate (i.e., each

subblock has a duration of l.25 ms), with bits being generated

at a .3125 millisecond rate. After the preamble, the G.hs

message is provided and preferably includes N blocks which are

generated at a 5 millisecond rate. Each block preferably

includes four subblocks of four information bits (symbols) each

(bl, b2, b3, b4), with the four information bits being repeated
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four times (i.e., each subblock within the block contains the

same material). Each symbol carries one information bit. So

each block of duration 5 milliseconds, carries four information

bits with redundancy 3/4. As indicated in Fig. 2, each bit of

the preamble and G.hs message is preferably modulated onto a

spread spectrum carrier. As discussed in more detail below, the

preamble is preferably provided to permit the receiver to detect

G.hs transmission, to recover the spread spectrum carrier for

coherent processing, and for symbol and block synchronization

(timing recovery). While the preamble is preferably modulated,

an unmodulated preamble (all +ls) can be utilized.

According to the preferred embodiment of the invention, a

symbol rate (SR) is set equal to .8 symbols/millisecond, where A

= 1,2,3... With the symbol rate set in this manner, an integer

number of symbols will be placed within the 1.25 millisecond

burst duration in the TCM-ISDN cross talk environment. Thus,

when A=4 (bit rate = 3200 bps), half a byte (four bits) will be

transmitted within the 1.25 ms burst. When A=8 (bit rate = 6400

bps), one byte will be transmitted within the 1.25 ms burst. By

transmitting each symbol of the G.hs message at least four

times, at least two symbol time—separated blocks will occur

within the 1.25 ms high SNR FEXT areas in a TCM—IsDN cross—talk
environment.

Taking into account the 400 Hz periodicity of the NEXT and

FEXT cross—talk in TCM—ISDN systems, a noiseless time window may

be found by calculating the correlation between N—symbol blocks

delayed by 2.5 ms relative to each other. If the delayed blocks

coincide with each other (i.e., they have not been corrupted by

noise), the time window has a “high enough” SNR (i.e., it is

“noiseless” for the purpose of the handshake) and can be used

for receiving the handshake message. The structure of the

preamble is particularly arranged to permit this determination.

Because the noiseless time window has a random time

position relative to the transmission of the preamble and

handshake message, received N—symbol blocks may be cyclically
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shifted. In other words, the block frame may not correspond to

the noiseless time window frame. It is therefore preferred that

this shift be estimated and eliminated. According to the

preferred embodiment of the invention, the cyclic shift may be

estimated and eliminated by transmitting an N—symbol reference

block. Thus, the preamble is provided with a series of

reference blocks having the form “l,l,1,—1”. It should be

appreciated that any shift of the reference block will be

distinct (—1,1,l,l; l,—l,l,l; l,l,—l,l) and detectable, and may

therefore be detected and eliminated at the receiver. This

pattern therefore allows for symbol synchronization and subblock

synchronization.

Turning now to Figs. 3a—3c, three different receivers are

shown for receiving and demodulating the handshake signal of the

invention. An autocorrelation receiver lOOa for DBPSK spread

spectrum handshake signals is seen in Fig. 3a. The

autocorrelation receiver 100a includes an autocorrelation

demodulator 102a, a timing signal extractor 103a, and preferably

further includes a noiseless time window (TW) determination unit

104a and a transmitted bit selection (BS) unit 106a. The

autocorrelation demodulator lO2a includes a delay line (DL)

110a, a multiplier ll2a, a low pass filter (LPF) 114a, and a

binary slicer (Sgn) ll6a. Incoming SSC modulated signals are

provided to the delay line 110a and the multiplier 112a. The

delay At of the delay line is preferably set equal to l/.8A ms

(i.e., the handshake symbol duration). Thus, the multiplier

112a multiplies the incoming signal with the delayed signal.

The output is forwarded to the low pass filter 114a which is

preferably provided with a frequency bandwidth Af approximately

equal to A/1.25 kHz. For example, when using block length A=4,

At = 0.3125 ms, and Af = 3.2 kHz. The output of the low pass

filter ll4a reflects the modulation function in the transmitter,

and the sign function of the low pass filter output, as

generated by the binary slicer ll6a which compares the output to

a zero threshold, corresponds to the transmitted bits.

As will be appreciated by those skilled in the art, the
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autocorrelation receiver lO0a calculates (at the multiplier

112a) a scaler product (Sn(t)*Sn4(t)) between a given spread

spectrum signal Sn(t) and a previous spread spectrum signal Sn_

1(t). The binary symbol In received with the n—th symbol

interval is therefore determined according to In = sgn(Sn(t)*Sn_

1(t).

As seen in Fig. 3a, the binary slicer 116a requires timing

information which is preferably extracted from the low pass

filter output by bandpass filtering of a frequency component

responding to the baud (symbol) frequency. Alternatively (and

also as shown in Fig. 3a), the timing information can be

extracted from the incoming signal by a variety of well—known

methods; e.g., as taught in Jan W. M. Bergmans, Dig';sl Bassband

Krsnsmissign and Rsggrding, Chapters 9 and l0, “Basics of Timing

Recovery”, and “A Catalog of Timing Recovery Schemes”, Kluwer

Academic Publishers, Boston (1996) pp. 451-587.

While the autocorrelation demodulator 102a in conjunction

with the timing extractor 103a suffices as a G.hs receiver in

situations which do not require carrier recovery or other

special synchronization, additional circuitry can be utilized if

desired. Thus, is the channel noise has a steady power spectral

density, robustness can be increased by accumulating signals at

the output of the low pass filter, taking into account that

every symbol may be repeated several times. In addition, if the

PSD is known, the spread spectrum signal may be passed through a

corresponding filter (not shown) at the input of the receiver in

order to emphasize components of the spread spectrum signal

having a higher SNR.

In addition, and according to the preferred embodiment of

the invention, where a preamble is utilized, a noiseless time

window determination unit 104a can be provided to compare the

signal subblocks containing N symbols and delayed relative to

each other by 2.5 ms. If the delayed N bit combination

coincides within a certain time window, it indicates that this
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window has a sufficiently high SNR and can be used for receiving

handshake bits. Regardless, the window determination unit 104

finds the time window of interest and generates an output signal

indicating the time position of the desired window which is

provided to the bit selection unit 106a. The demodulated bits

provided at the output of the slicer during the noiseless window

are also provided to the bit selection unit 106a, which

determines from the bits and the window information the cyclic

shift in effect. Thus, during receipt of the G.hs message, the

bit selection unit 106a selects the correct portion of the

received bits and eliminates the cyclic shift in the received

information blocks. The bit selection unit 106a produces for

output N bits every 5 milliseconds.

Turning to Fig. 3b, a quasicoherent receiver 100b for DBPSK

spread spectrum handshake signals is shown. The quasicoherent

receiver l0Ob includes an autocorrelation demodulator 102b, a

timing signal extractor 103b, and preferably further includes a

noiseless time window determination unit lO4b and a transmitted

bit selection unit l06b. The quasicoherent demodulator lO2b

includes a spread spectrum recovery (SSCR) unit lllb, a

multiplier ll2b, a low pass filter ll4b, a binary slicer 116b, a

delay line ll8b, and a sign multiplier l20b. Incoming SSC

modulated signals are provided to the spread spectrum carrier

recovery unit lllb and the multiplier ll2b. The spread spectrum

carrier recovery unit lllb accumulates SSC samples during the

preamble and extracts a spread spectrum reference signal R(t)

therefrom. The multiplier ll2b multiplies the incoming signal

with the output of the SSC recovery unit. The output is

forwarded to the low pass filter ll4b which is preferably

provided with a frequency bandwidth Af approximately equal to

N/1.25 kHz. The output of the low pass filter ll4b is fed to

slicer 1l6b which compares the output to a threshold (typically

zero). The output of slicer l16b is a binary signal which is
fed to the delay line ll8b and to the sign multiplier l20b. The

sign of the output of the sign multiplier l20b corresponds to
the transmitted bits.
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As will be appreciated by those skilled in the art, in the

quasicoherent receiver 100b, the average unmodulated SSC,

preferably extracted from the preamble by the SSC recovery unit

lllb, is used as a spread spectrum reference signal R(t) for the

coherent demodulation. Thus, the recovered binary symbol In =

J5*J5_1, where Jn = sgn(Sn(t)*R(t)), and Jwfi = sgn(Sm4(t)*R(t)).

The quasicoherent receiver l0Ob provides excellent results, but

is substantially more complicated to implement than the

autocorrelation receiver lOOa because of the SSC recovery unit

lllb.

The functioning of the timing signal extractor 103b, and

the time window determination unit 104b and bit selection unit

l06b of the quasicoherent receiver 100b are substantially as

described above with respect to corresponding elements of Fig.

3a.

Turning to Fig. 3c, an incoherent receiver 100C for DBPSK

spread spectrum handshake signals is shown. As seen in Fig. 3c,

the incoherent receiver includes a fast Fourier transform block

130, a quadrature component accumulation unit 135, a

multichannel incoherent demodulator 140, a DMT accumulation unit

145, and a binary slicer 150. The FFT block 130 receives the

time domain handshake signal and converts the signal into a

frequency domain signal. The output of the FFT block are

signals Fmmm and Fmmm which are respectively, the real and

complex parts for the k-th DMT tone at the m—th DMT symbol

interval of the n-th handshake symbol. The quadrature component

accumulation (QCA) unit 145 separately sums the real parts

together and the imaginary parts together according to

Fmk= § Fmmand Fmk= §'Fwuf The outputs of the quadrature

component accumulation unit 145 are then demodulated by the

incoherent demodulator 140 according to

Fnk = Fmm* Fcm_“k + Fflm* Fsm_Dk. The outputs of the incoherent

demodulator 140 are then summed over all tones k by the DMT

accumulator (DMTA) 145 according to F == 2 Fk. Finally, theI1 1‘ ll
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output of the DMT accumulator 145 is provided to the binary

slicer 150 in order to compare the output F“ to a zero threshold.

The decoded binary symbol In = sgn(Fn).

It should be appreciated by those skilled in the art that

the incoherent receiver 100c is relatively simple to implement

because it is based on the use of a FFT which is already

available in DMT—based systems. In addition, no frequency

equalization (carrier phase recovery) is required, and the

performance of the incoherent receiver lO0c is nearly as good as

the quasicoherent receiver lOOb of Fig. 3b.

There have been described and illustrated herein methods

and apparatus for implementing a spread spectrum handshake for a

digital subscriber line telecommunications system. While

particular embodiments of the invention have been described, it

is not intended that the invention be limited thereto, as it is

intended that the invention be as broad in scope as the art will

allow and that the specification be read likewise. Thus, while

a particular transmitter and particular receivers have been

disclosed, it will be appreciated that other transmitters and

receivers could be utilized, provided that the transmitter

modulate a handshake signal onto a spread spectrum carrier.

Thus the implementation of the transmitters and receivers will

partially depend upon the encoding technique utilized (e.g.,

DPSK, QPSK, etc.), the results desired, and limitations or

requirements of standards which might be applicable.

Implementation of functions may also be accomplished in several

manners. Thus, while slicers have been described for purposes

of generating decoded binary signals, other apparatus well—known

in the art could be utilized. Also, while a handshake sequence

including a preamble and a handshake message have been

described, it will be appreciated that different preambles and

different handshake messages could be provided, and/or that a

handshake sequence could be provided with no preamble. It will

therefore be appreciated by those skilled in the art that yet

other modifications could be made to the provided invention

without deviating from its spirit and scope as so claimed.
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We claim:

1. A digital subscriber line (DSL) type modem, comprising:

a transmitter having

a handshake generator which generates handshake signals,

a spread spectrum carrier generator which generates a

spread spectrum carrier including at least three tones

associated with DSL type modems, and

a modulator coupled to said handshake generator and to said

spread spectrum carrier generator, said modulator modulating

indications of said handshake signals onto indications of said

spread spectrum carrier simultaneously.

2. A modem according to claim 1, wherein:

said modulator modulates said indications of said spread

spectrum carrier according to one of a phase shift keying (PSK)

technique, frequency modulation, amplitude modulation, and

quadrature amplitude modulation.

3. A modem according to claim 2, wherein:

said PSK technique comprises one of binary PSK,

differential binary PSK, quadrature PSK, and differential

quadrature PSK.

4. A modem according to claim 1, wherein:

said modulator modulates said indications of said spread

spectrum carrier according to differential binary phase shift

keying.

5. A modem according to claim 4, wherein:

said spread spectrum carrier generator comprises memory

which stores said indications of all said tones.

A modem according to claim 5, wherein:

said indications comprise inverse fast Fourier transform

(IFFT) samples of said at least three tones.
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7. A modem according to claim 6, wherein:

said indications comprise IFFT samples of substantially all

two hundred fifty—six DMT tones associates with DSL type modems.

8. A modem according to claim 1, wherein:

said spread spectrum carrier generator comprises memory

which stores said indications of all said tones.

9. A modem according to claim 8, wherein:

said indications of all said tones comprise inverse fast

Fourier transform (IFFT) samples of said at least three tones.

10. A modem according to claim 9, wherein:

said indications of all said tones comprise IFFT samples of

substantially all two hundred fifty—six DMT tones associates

with DSL type modems.

11. A modem according to claim 1, wherein:

said handshake generator comprises a differential encoder

coupled to a block framer.

12. A modem according to claim 1, wherein:

said handshake signals comprise a handshake message.

13. A modem according to claim 12, wherein:

said handshake message includes a plurality of blocks, each

block having a plurality of repeating subblocks.

14. A modem according to claim 13, wherein:

said blocks have a 5 millisecond rate.

15. A modem according to claim 14, wherein:

said subblocks have a 1.25 millisecond rate, and each

subblock contains four bits.

16. A modem according to claim 12, wherein:

said handshake signals further comprise a preamble.
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17. A modem according to claim 16, wherein:

said preamble comprises a plurality of repeating subblocks.

18. A modem according to claim 17, wherein:

each said subblock has a 1.25 millisecond rate and includes

four predetermined bits, said four predetermined bits selected

to permit a shift in phase of said four predetermined bits to be
detected.

19. A modem according to claim 17, wherein:

said preamble further includes at least one subblock having

a divider sequence, and a plurality of subblocks representing a

pseudorandom sequence.

20. A modem according to claim 1, further comprising:

a receiver having a demodulator.

21. A modem according to claim 20, wherein:

said receiver is chosen from a group consisting of an

autocorrelation receiver, a quasicoherent receiver, and an

incoherent receiver.

22. A modem according to claim 21, wherein:

said receiver is an autocorrelation receiver including a

delay line which receives and delays a received handshake

signal, a multiplier which multiplies said received handshake

signal with an output of said delay line, a low pass filter

which filters an output of the multiplier, and means for

obtaining binary symbol indication from an output of said low

pass filter.
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23. A modem according to claim 21, wherein:

said receiver is a quasicoherent receiver including a

spread spectrum carrier recovery unit generates a reference

spread spectrum signal from the received signal, a multiplier

which multiplies a received signal with said reference signal, a

low pass filter which filters an output of the multiplier, and

means for obtaining a binary symbol indication from an output of

said low pass filter.

24. A modem according to claim 23, wherein:

said means for obtaining a binary symbol indication

comprises a slicer coupled to an output of said low pass filter,

a delay line which receives and delays outputs of said slicer,

and a second multiplier which receives an output of said slicer

and an output of said delay line and generates a binary symbol
indication therefrom.

25. A modem according to claim 21, wherein:

said receiver is an incoherent receiver including a fast

Fourier transformer (FFT) which receives an incoming time domain

handshake signal and generates real and imaginary frequency

domain signals therefrom, a quadrature component accumulation

(QCA) unit coupled to said FFT which separately sums said real

frequency domain signals together and said imaginary frequency

domain signals together, an incoherent demodulator coupled to

said QCA unit which combines said summed real and imaginary

frequency domain signals, a discrete multitone accumulator

(DMTA) coupled to said QCA unit which sums outputs of said QCA

unit over said at least three tones, and means for generating a

decoded binary symbol from an output of said DMTA.

26. A modem according to claim 20, wherein:

said handshake signals comprise a handshake message and a

preamble, said preamble comprises a plurality of repeating

subblocks, wherein said receiver includes means for utilizing

said repeating subblocks to find a high—signal—to—noise time
window.
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27. A modem according to calim 26, wherein

said means for utilizing said repeating subblocks includes

means for correlation of said repeating subblocks delayed

relative to each other by a predetermined time interval.

28. A method of transmitting digital subscriber line (DSL) type

modem handshake information, comprising:

generating handshake signals; and

modulating indications of said handshake signals onto a spread

spectrum carrier, said spread spectrum carrier including at

least three tones associated with DSL type modems, wherein said

modulating comprises modulating said indications of said

handshake signals onto indications of said at least three tones

simultaneously.

29. A method according to claim 28, wherein:

said handshake signal indications are modulated onto said

spread spectrum carrier according to one of a phase shift keying

(PSK) technique, frequency modulation, amplitude modulation, and

quadrature amplitude modulation.

30. A method according to claim 29, wherein:

said PSK technique comprises one of binary PSK,

differential binary PSK, quadrature PSK, and differential

quadrature PSK.

31. A method according to claim 28, wherein:

said handshake signal indications are modulated onto said

spread spectrum carrier according to differential binary phase

shift keying.

32. A method according to claim 28, further comprising:

generating said indications by taking an inverse fast

Fourier transform (IFFT) of said at least three tones; and

storing said indications in memory, wherein said modulating

comprises reading said indications from memory in order to

modulate said indications of said handshake signals onto said

indications stored in memory.
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33. A method according to claim 28, wherein:

said handshake signals comprise a handshake message, said

handshake message including a plurality of blocks, each block

having a plurality of repeating subblocks.

34. A method according to claim 33, wherein:

said blocks have a 5 millisecond rate, said subblocks have

a 1.25 millisecond rate, and each subblock contains four bits.

35. A method according to claim 33, wherein:

said handshake signals further comprise a preamble.

36. A method according to claim 33, wherein:

said preamble comprises a plurality of repeating subblocks,

each said subblock has a 1.25 millisecond rate and includes four

predetermined bits, said four predetermined bits selected to

permit a shift in phase of said four predetermined bits to be
detected.

37. A method according to claim 36, wherein:

said preamble further includes at least one subblock having

a divider sequence, and a plurality of subblocks representing a

pseudorandom sequence.



Page 191 of 468

PCT/US99/13817

3:33E25:wmooozmH._o<mmH._223vasmE5a5m=§n_
4|.||.|J

m_b_UmwmHS,EW_mWS

1

__.1a_
___E05:E..=2:29IIIHmm

WO 99/67890



Page 192 of 468

_.1|wem§..,.oII.._52%.,sEa%9mEm!\aha:EnsE___E________nnE____na____aa____I)\It\
\

\
‘

PCT/US99/13817

,:

7wem§,.o//'/4/4

‘SUBSTITUTE SHEET (RULE 26)

//\\3.23.23.22.22_bE5N42NQE/_‘|nlL\\/2.mm._\\\
_______________95%menEzeaosmaN.essmmsmmsatLz

moan;2..0

WO 99/67890



Page 193 of 468

WO 99/67890 PCT/US99/13817

SUBSTITUTE SHEET (RULE 26)



Page 194 of 468

INTERNATIONAL SEARCH REPORT lntemational application No‘
PCT/US99/13817

A. CLASSIFICATION OF SUBJECT MATTER

IPC(6) :H04B 1/38; H041. 5/16, 27/10. 27/18
US CL :375/222. 223. 200. 208, 209, 210

According to International Patent Classification (IPC) or to both national classification and [PC
B. ' FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

U.S. : 375/222, 223, 200, 208, 209, 210

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
APS

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Citation of document. with indication. where appropriate, of the relevant passages Relevant to claim No.
Y US 5,751,701 A (LANGBERG et al.) 12 May 1998, Figs. 3,4,7, 1-10, 12-21, 26-

and 10, cols. 3-7. 37

Y,P US 5,909,463 A (JOHNSON et al.) 01 June 1999, Figs. 1-4, col. 1, 1-10, 12-21, 26-
lines 20-60 and col. 16, lines 15-64. 37

Y US 5,644,573 A (BINGHAM et al.) 01 July 1997, col. 8, lines 50- 3-7, 9, 10, 31 and
60. 32

A,P US 5,883,907 A (HOEKSTRA) 16 March 1999, Fig. 2 and col. 3, 1-37
lines 27-35.

E Further documents are listed in the continuation of Box C. E] See patent family annex.
' Special eauegoriea of cited documents: later document published after the inter-nauonal filing date or prloflly

_ , , _ date and not in conflict with the application but cited to understand
'A' document defining the general state of the art which is not considered dm Princ;Pl¢ or theory undcrlymg um invcndonto be of particular relevance

docutienl of particular relevance. the claimed iiivemion cannot be
considered novel or cannot be considered to involve an inventive step

‘I.’ document which may throw doubts on priority claim(s) or which 13 WW" ‘he d°°“"‘¢'“ '‘ Eh“ Elm“cited to establish the publication date of another citation or other _ V _ ‘
_P,,,,_, mm, (H _Pw“-lad) document of particular relevance‘, the claimed i_r-iventmn cannot heconsidered to involve an uiveniive step when the document is

'0' document referring m an ant disclosure. use. exhibition or other combined with one or more other such documents. such combinationmeans being obvious 10 vi person skilled in the art

'13‘ earlier document published on or after me intemationnl filing date

‘P’ docinnent published prior to the international filing date but later than -&-
the priority data claimed

Date of the actual completion of the international search Date of mailing of the international search report

23 21 OCT 1999
Name and mailing address of the ISA/US Authorized officerCommissioner of Patents and Trademarks

Bo PCT “"
wainngion. Dc. 20231 MICHAEL W’ MADDOX §(:“\L~

Facsimile No. (703) 305-3230 Telephone No. (703) 308-9557'
Form PCT/ISA/210 (second sheet)(July 1992)::

document member of the same patent family



Page 195 of 468

Electronic Acknowledgement Receipt

7781850

International Application Number:

Confirmation Number:

SYSTEM AND METHOD FOR ESTABLISHING A DIAGNOSTIC TRANSMISSION

ml‘ °f l""°"l'°"‘ MODE AND COMMUNICATING OVER THE SAME

First Named Inventor/Applicant Name: David M. Krinsky

Customer Number: 62574

Filer Authorized By: Jason Vick

Attorney Docket Number: 5550-2-CON-2-1

Filing Date: 03-JUN-2009

Time Stamp: 17:56:32

Application Type: Utility under 35 USC111(a)

Payment information:

Submitted with Payment

File Listing:

Document Document Descri tion File Size(Bytes)/
Number P Message Digest Part /.zip (if appl.)

332879

yes
2341 795435a3568lJB7184586BaI471L7Eu7l

ILQU6



Page 196 of 468

Multipart Description/PDF files in .zip description

 
Information Disclosure Statement (IDS) Filed (SB/08)

Information:

Warnings:

1092195

Foreign Reference WO9967890A1.pc|f 201646(9374aee2813049e343B5b2b5638
2] d8!)

Information:

256735

fddbffief‘ZCB03a4dbd6bb17B54lCfl968[l3
2434

Information:

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO ofthe 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.

NPL Documents 5550-2-PEP5_OA_4-23-10.pdf

Warnings:

New Applications Under 35 U.S.C. 111
lfa 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 ofthe application.

National Stage of an International Application under 35 U.S.C. 371
lfa timely submission to enter the national stage ofan international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/D0/E0/903 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
lfa 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 ofthe International Filing Date (Form PCT/R0/105) 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.



Page 197 of 468

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Group Art Unit: 2611

Confirmation No.: 8072

Examiner: Khanh C. Tran

In Re the Application of:

David M. Krinsky

Serial No.: 12/477,742

Filed: June 3, 2009 A

Atty. File No.: 5550-2-CON-2-1

Entitled: “System and Method for Establishing a 'S S\/\./\y§/\&'%/&/\2\%\./
Diagnostic Transmission Mode and Electronically Submitted

Communicating Over the Same ”

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 223 13-1450

Dear Sir:

The references cited on attached Form PTO-1449 are being called to the attention

of the Examiner.

K4 Copies of the cited non-patent and/or foreign references are enclosed herewith.

E] Copies of the cited US. patents and/or patent applications are enclosed herewith.

D Copies of the cited U.S. patents/patent application publications are not enclosed in

accordance with 37 C.F.R. § l.98(a).

[:I Copies of the cited references are not enclosed, in accordance with 37 C.F.R.

§ l.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 abstracts and in the figures, although

applicants do not necessarily vouch for the accuracy of the translation.

@ Exa1niner’s attention is drawn to the following related applications:

Serial No. 12/779660f1led 05-13-2010 (Attorney’s Ref. No. 5550-2—CON—

2-1-1)

Serial No. 12/779708 filed 05-13-2010 (Attorney’s Ref. No. 5550-2-CON-

2-1-2)

C} Other:

INFORMATION DISCLOSURE
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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

drawn as to the pcrtincncc 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

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):

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

Cl Within three months of the date of entry into the national stage of an international application as setforth in 37 CFR 1.491 or

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

E] Before the mailing of a first Office action alter the filing of a request for continued examination under37 CFR 1.114,
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.

37 CFR 1.97(c): The information disclosure statement transmitted herewith is being filed after all the above conditions (37
CFR 1.07(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 C.F.R. 1.311, or
(3) an action that otherwise closes prosecution in the application.

This Information Disclosure Statement is accompanied by:

K‘ A Certification (below) as specified by 37 C.F.R. l.97(e). 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

El Please charge Deposit Account 19-1970 in the amount of$180.00 for the fee set forth in 37 CFR‘ l.l7(p) for
submission of an information disclosure statement. Please credit any overpayment or charge any underpayment to Deposit
Account 19-1970.

37 CFR 1.97(d): This Information Disclosure Statement is being submitted after the period specified in 37 CFR l.07(c).

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

D Applicants hereby requests consideration ofthe reference(s) disclosed herein. Please charge Deposit Account
19-1970 in the amount of $180.00 under 37 CFR. 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)

[XI The undersigned certifies that:
IE 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.
l.97(e)(l).

A copy of the communication from the foreign patent office is enclosed.

OR

I:] 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 CFR. 1 56(0) more than three months
prior to the filing of this statement. 37 C.F.R. l.97(e)(2).

Respectfully submitted,

SHERIDAN ROSS P.C.

son H. Vick

Registration No. 45,285

1560 Broadway, Suite 1200
Denver, Colorado 80202-5141

(303) 863-9700
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: Group Art Unit: 2611

Krinsky et al. Examiner: TRAN, KHANII C

Confirmation No.: 261 1

REQUEST FOR CONSIDERATION OF
REFERENCE IN INFORMATION

DISCLOSURE STATEMENT

SUBMITTED MARCH 5 2010

Serial No.: 12/477,742

Filed: 06-03-2009

Atty. File No.: 5550—2—CON—2—l
\%\&\2\2%/\/\2'€’\/\/

For: SYSTEM AND METHOD FOR

ESTABLISHING A DIAGNOSTIC Electronically Submitted
TRANSMISSION MODE AND

COMMUNICATING OVER THE

SAME

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

On March 5, 2010, Applicants submitted an Information Disclosure Statement in the

aboVe—identified patent application. The Information Disclosure Statement and the EFS

Acknowledgment Receipt, is attached hereto as Exhibit A.

On June 8, 2010, the Examiner issued an Official Action for the

aboVe—identif1ed case. The Official Action was accompanied by a List Of References Cited By

Applicant And Considered By Examiner. This list included the aforementioned Information

Disclosure Statement of March 5, 2010, but EP 0889615 (Ref. No. 22) was neither initialed, nor

struck—through by the Examiner, with the “Examiner Initials” box next to Ref. No. 22 left blank.

The List Of References Cited By Applicant And Considered By Examiner, is attached hereto as

Exhibit B.

Due to the fact that the Information Disclosure Statement of March 5, 2010, was correctly

submitted to the USPTO, Applicants hereby respectfully request that EP 0889615 (Ref. No. 22)

listed in Information Disclosure Statement of March 5, 2010, be considered by the Examiner.
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For the Examiner’s convenience, a copy of EP 0889615 is provided herewith as Exhibit

Although no fees are believed due in connection with this communication, please charge

any fees deemed necessary to Deposit Account No. 19-1970. If additional information is

required please contact the undersigned.

Respectfully submitted,

SHERIDAN ROSS P.C.

By: ,_/I/7 '

J '
egistration No. 45,285

1560 Broadway, Suite 1200

Denver, Colorado 80202-5141

(303) 863-9700
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Group Art Unit: 2611

Confirmation No.: 8072

Examiner: Not yet assigned

In Re the Application of:

David M. Krinsky

Serial No.: 12/477,742

Filed: June 3, 2009

Atty. File No.: 5 550-2-CON-2-1

Entitled: “System and Method for Establishing a

Diagnostic Transmission Mode a11d

INFORMATION DIS CLOSURE

STATEMENT\J\/\/\/\4\/\/\/\/\.2
Electronically Submitted

Communicating Over the Same”

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.

El Copies of the cited non-patent and/or foreign references are enclosed herewith.
El Copies of the cited U.S. patents and/or patent applications are enclosed herewith.

{XI Copies of the cited U.S. patents/patent application publications are not enclosed in

accordance with 37 C.F.R. § 1.98(a).

1:} 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.

E To the best of applicants’ belief, the pertinence of the foreign—language references

are believed to be summarized in the attached English abstracts and in the figures, although

applicants do not necessarily vouch for the accuracy of the translation.

91‘ Examiner’s attention is drawn to the following related applications:

Serial No. 10/619691 filed 07-16-2003 now U.S. Patent No. 7570686

(Attorney’s Ref. No. 5550-2-CON-2)

Serial No. 09/755173 filed O1-08-2001, now U.S. Patent No. 6658052

(Attorney’s Ref. No. 5550-2)

C] Other:
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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

drawn as to the pertinence of the references based on the order in which they are presented.

Submission ofthis 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

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

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

Within three months ofthe 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 firstOff1ce Action on the merits, or

Before the mailing of a first Office action after the filing of a request for continued examination under
37 CFR 1.114.

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.

37 CFR 1.97(c): The information disclosure statement transmitted herewith is being filed after all the above conditions (37
CFR1.97(b)), but before the mailing date of one ofthe following conditions:

(1):: final action under 37 C.F.R. 1.113 or
(2) a notice of allowance under 37 C.F.R. 1.311, or
(3) an action that otherwise closes prosecution in the application.

This Information Disclosure Statement is accompanied by:

D A Certification (below) as specified by 37 CPR. 1.97(e). Although no fee is believed due, if any fee is deemed
due in connection with this submission, please charge such fee to Deposit Account l9~l970.OR

E] Please charge Deposit Account 19-1970 in the amount of $1 80.00 for the fee set forth in 37 C.F.R. l.l7(p) for
submission of an information disclosure statement. Please credit any overpayment or charge any underpayment tn DepositAccount 19-1970.

37 CFR ].97(d): This Information Disclosure Statement is being submitted after the period specified in 37 CFR l.97(c).

E] This information Disclosure Statement includes a Certification (below) as specified by 37 C.F.R. l.97(e)AND

:1 Applicants hereby requests consideration ofthe reference(s) disclosed herein. Please charge Deposit Account
19-1970 in the amount of$180.00 under 37 C.F.R. l.l 7(p). Please credit any overpayment or charge any underpayment to
Deposit Account l9-1970. Election to pay the fcc should not be taken as an indication that applicant(s) cannot execute acertification.
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Certification (37 C.F.R. 1.97(c))
(Applicable only if checked)

The undersigned certifies that:

E] 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).

I:] A copy ofthe communication from the foreign patent office is enclosed.

OR

B No item of information contained in this information disclosure statement was

cited in a communication from a foreign patent office iI1 a counterpart foreign
application, and, to the knowledge ofthe 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= *’f”j/”r.?"’///
,,fj5sen’I‘I. V1Cl{

/;;/// Registration No. 45,285
" 1560 Broadway, Suite 1200

Denver, Colorado 80202-5141

(303) 863-9700



Page 206 of 468

Substitute for form 1449A/PTO

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT

Complete

U.S. PATENT DOCUMENTS
Document Number Publication Date Name of Patentee of
Number-kind Code ‘ "’*"°W"’ MM-DD-YYYY Applicant of Cited Document

Examiner Cite
|nitials* No.‘

if Known
—

Pages. Columns, Lines. Where
Relevant Passages or Relevant

Flures Aear

—
_
—
—
i
_E
—
-16073179 06/06/00
:16075821 00/13/00
:6175934 O1/16/01 Hershe etal.

_6219.378 04/17/01
Z6404774 06/11/02
_
H
—
:—
:
—
—
—
2

OREIGN PATENT DOCUMENTS ,

Publication Name of Patentee or
Applicant of Cited Document

F

Foreign Patent Document Page

ry Code‘; Number‘; Kind
Code’ {if known)

5, Columns,
Lines, Where

Relevant
Passages or

Relevant Figures
A a pear

22 EP 0889615 01/07/99 INTEGRATED
TELECOM EXPRESS

DateExaminer
Signature Considered

‘EXAMINER: Initial if reference is considered, whether or not citation is in conformance and not conside
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(54) Multicarrier transmission with variable data rate

(57) A high speed communications system is pro-
vided which uses a selectable. desirable portion of the
total available bandwidth of a transmission channel. In a

preferred embodiment, the invention is an ADSL com-
patible modem which selects a sub-set of the available
downstream DMT sub-channels based on an evaluation

of such sub-channels by appropriate signal processing
circuitry. An analog front end (AFE) contains sub-band
filtering causes an upstream transceiver to use only this
selected number of available sub-channels for down-

stream data transmission. This reduces hardware costs

and complexity while still preserving compatibility with
applicable ADSL standards and providing a high speed
data link. The target data rate of the modem can be fur-
ther enhanced to the point of achieving full protocol
capability by increasing or upgrading the AFEs, and/or
the signal processing circuitry in order to increase the
number of processable transmitted downstream sub-
channels.
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Description

FIELD QF THE INVENTION

The invention relates generally to an improved high-speed communications system which establishes a data link
using only a selectable portion of the total available bandwidth of a channel. The present invention has particular appli-
cability to systems which use rate adaptable techniques such as the discrete multi-tone modulation (DM'l') technique
and CAF for transmitting data in Digital Subscriber Lines and similar environments. By limiting the data throughput of
the link to some adjustable traction of the total available data rate, the present invention significantly reduces hardware
costs and allows a downstream user to configure a data linkwhose performance is directly controllable by the process-
ing power available to such user. In this manner, the system is completely forward compatible and expandable in func-
tionality, and permits a user to increase throughput to the point of achieving full potential of the available channel
bandwidth .

BACKGROUND OF THE INVENTION

Remote access and retrieval of data and information are becoming more desirable and common in both consumer
and business environments. As data and information transfer is becoming more and more voluminous and complex,
using traditional data links such as voice-band modems is too slow in speed. For example, the use of the Internet to
locate and access information is increasing daily, but the retrieval of typical graphics, video, audio, and other complex
data forms is generally unsatisfyingly slow using conventional voice-band modems. In fact, the slow rate of existing dial-
up analog modems frustrates users, and commerce and interaction using the Internet would have been even higher
were it not for the unacceptable delays associated with present day access technology. The ability to provide such
desired services as video on demand, television (including HDT\/. video catalogs, remote CD-ROMs, high-speed LAN
access, electronic library viewing, etc., are similarly impeded by the lack of high speed connections.

Since the alternatives to copper line technology have proven unsatisfactory, solutions to the high speed access
problem have been focused on improving the performance of voice band modems. Voice band modems operate at the
subscriber premises end over a 3 kHz voice band lines and transmit signals through the core switching network, the
phone company network treats them exactly like voice signals. These modems presently transmit up to 33.6 kbps over
a 2-wire telephone line, even though the practical speed only twenty years ago was 12 kbps. The improvement in voice
band modems over the past 20 years has resulted from significant advances in algorithms, digital signal processing,
and semiconductor technology. Because such modems are limited to voice bandwidth (3.0 kHz), the rate is bound by
the Shannon limit, around 30 kbps. A V.34 modem, for example, achieves 10 bits per Hertz of bandwidth, a figure that
approaches the theoretical Shannon limits.

There is a considerable amount of bandvw'dth available in copper lines. however, that has gone unused by voice
band modems, and this is why a proposal known as Asymmetric Digital Subscriber Line (ADSL) was suggested in the
industry as a high-speed protocol/connection alternative, The practical limits on data rate in conventional telephone line
lengths (of 24 gauge twisted pair) vary from 1.544 Mbps for an 18,000 foot connection, to 51.840 Mbps tor a 1,000 foot
connection. Since a large proportion of current telephone subscribers fall within the 18,000 foot coverage range, ADSL
can make the current copper wire act like a much "bigger pipe" for sending computer bits and digital information (like
movies and TV channels), while still carrying the voice traffic. For example, an ADSL modem can carry information 200
times faster than the typical voice band modem used today.

ADSL is "asymmetric" in that more data goes downstream (to the subscriber) than upstream (back from the sub-
scriber). The reason for this is a combination of cost, demand, and performance. For example, twisted pair wiring cou-
pling increases with the frequency of the signal. If symmetric signals in many pairs are used within a cable, the data rate
and line length become significantly limited by the coupling noise. Since the preponderance of target applications for
digital subscriber services is asymmetric, asymmetric bit rate is not perceived to be a serious limitation at this time.
Therefore, the ADSL standard proposes up to 6 Mbps for downstream, and up to 640 kbps for upstream. For example,
video on demand, home shopping, Internet access, remote LAN access, multimedia access, and specialized PC serv-
ices all feature high data rate demands downstream, to the subscriber, but relatively low data rates demands upstream.
The principal advantage is that all of the high speed data operations take place in a frequency band above the voice
band. leaving Plain Old Telephone Service (POTS) service independent and undisturbed, even if an ADSL modem fails.
ADSL further provides an economical solution for transmission of high bandwidth information over existing copper lineinfrastructures.

Specifically, the proposed standard for ADSL divides the available transmission bandwidth into two parts. At the
lower 4 kHz band, ordinary (POTS) is provided. The bulk of the rest bandwidth in the range from 4 kl-lz to about 1 MHz
is for data transmission in the downstream direction, which is defined to be from the exchange to the subscriber. The
upstream control channel uses a 160 kHz band in between. The signals in each channel can be extracted with an
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appropriate band -pass filter.

A DMT implementation of ADSL uses the entire available 1 MHz range of a copper phone line. It merely splits the
signal into 255 separate channels, and each 4 kHz channel can be made to provide a bit rate up to the best present day
voice band (33.6 kbs) modems. This results essentially in overall performance which is equivalent to around two hun-
dred \I.34 modems used in parallel on the same line. Because each channel can be configured to a different bit rate
according to the channel characteristics, it can be seen that DMT is inherently "rate-adaptive" and extremely flexible for
interfacing with different subscriber equipment and line conditions.

A number of problems arise, however, in attempting to implement a full scale ADSL transceiver cost-effectively.
First, to achieve this high bit rate transmission over existing telephone subscriber loops, advanced analog front end

(AFE) devices. complicated digital signal processing techniques, and high speed complex digital designs are required.
As a result, this pushes current technology limits and imposes both high cost and power consumption. For example,
AFE devices in modem applications provide the interface between analog wave forms and digital samples for digital
hardware/software processing. in high speed modern technologies such as ADSL, AFE devices need to operate at a
very high sampling rate and high accuracy For example, the DMT technology has a spectrum of 1 MHz and requires
sampling above 50 MHz if a sigma-delta analog-to-digital (ADC) method is used. This thus requires the state-of-art
ADC technology and imposes a high cost for end users.

Second. the time domain signal in ADSL/DMT transmissions is a summation of a large number of carriers modu-
lated by quadrature amplitude modulation (QAM). This typically results in a large peak—to-peak deviation. As a result,
even though a high speed AFE is made possible, a large dynamic range and high resolution AFE is required at the
same time to minimize quantization errors.

Third, in addition to the high sampling rate and resolution requirement for ADSL AFEs, the other hardware and soft-
ware in ADSL environment also needs to operate at a much higher speed than current conventional modem counter-
parts. For example, to implement the DMT technology in software, a custom and dedicated digital signal process (DSP)
of a power of several hundred MIPS (millions instructions per second) is required to process many components such
as error encoding and decoding, spectrum transforms, timing synchronization, etc. As with the AFE part of the system,
this high speed requirement for the signal processing portion of ADSL also results in less flexible, high componentcosts.

Fourth, requiring a communications device (such as a modem) to fully supp on the total throughput of a standard
such as ADSL may be inefficient in some cases, since many prospective users of high-speed data links may not need
to use all the available bandwidth provided by such standards. It is generally more preferable therefore to permit users
to throttle or scale the data throughput in a manner they can control, based on their particular application needs, hard-
ware cost budget, etc. For example, a full-scale ADSL system may have the performance level of 200 times conven-
tional \/.34 modems, but it is apparent that even a performance improvement of 10 - 20 times than present day available
analog modems would be sufficient for many consumer applications, such as lntemet access and similar uses. Thus,
unlike conventional analog modems, which are available in various speeds varying generally from 14.4 to 56 Kbps,
there are no known ADSL modems which offer scalable performance levels to users.

Fifth, in addition to the implementation challenge, the T1E1.4 ADSL standard does not specify the system interface
and user model. Although various high level interface to support T1 /E1, ATM, etc. have been described, system inte-
gration with high level protocols such as TCP/lP and interface with computer operating systems have not yet been
defined. As a result. there is uncertainty how existing and future modem-based applications can work with the ADSL
technology. For example. when users run an Internet application which sends and receives data to and from an Internet
service provider (lSP), a mutually agreed protocol is required to set up a call and transfer data. Possible protocols avail-
able at various levels include ATM (asynchronous transfer mode), TCP/IP, ISDN, and current modem AT commands.
Either one of these or a possibly new protocol needs to be defined to facilitate the adoption of ADSL technology.

SUMMARY OF THE INVENTION

An object of the present invention therefore is to provide a communications system which is fully compatible with
high speed, rate adaptable protocols such as are used with ADSL, but which system is nevertheless implementable
with simpler analog font end receiving/transmitting circuitry and is thus reduced in cost and complexity;

A further object of the present invention is to provide a communications system which is fully compatible with high
speed, rate adaptable modulation protocols such as used with ADSL, but which system is nevertheless implementable
with simpler digital signal processing circuitry and is thus reduced in cost and complexity;

Another objective of the present invention is to provide a method for transmitting data within a fractional, desirable
portion of available bandwidth in a channel by modulating only a limited number of desirable sub-channel data carriers,
so that a high speed data link can be achieved that is faster, and has reduced computation and hardware demands;

Yet a further objective of the present invention is to provide a communications system with smaller peak-to-peak
deviation in the sub-channels signals, so as to reduce the dynamic range required for the front end ADC, and to mini-
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mize quantization errors.

Another objective of the present invention is to provide a high speed communications system having a data
throughput that is easily controllable and expandable, so that the performance range of such system can be configured
to any fractional percentage of total bandwidth available in a transmission channel, up to and including full bandwidth
use of the channel;

A related objective of the present invention is to provide a h igh speed communications system that is modular so
that forward compatible and expandable functionality can be incorporated flexibly and with a minimum of effort on the
part of a user of such system;

Yet a further objective is to provide a system that is compatible with high speed protocols used in ADSL, but which
is also easily adaptable to support preexisting high level data protocols, including those presently used for controlling
high speed voice band modems;

A further object of the present invention is to provide a high speed communications system that self—calibrates its
own performance level, based on the processing power available to such system;

Another objective of the present invention is to provide a high speed communications system that permits a user to
configure the performance parameters of such system using conventional personal computer hardware. software and
operating systems;

A further object of the present invention is to provide an interface between a host operating system and a high
speed communications system that provide forward compatible and expandable functionality;

An additional aim of the present invention is to provide an improved system for concurrent control of conventional
voice data traffic on a POTS channel, and upstream/downstream communications on separate sub-channels;

These objects and others are accomplished by providing a communications system that permits a host processing
device to receive selected data within a narrow bandwidth from an upstream transciever which can and normally trans-
mits a large bandwidth analog data transmission signal through a connected channel. A channel interface circuit AFE
samples the received analog signal to generate a digital signal. Only a limited portion of the bandwidth may be sampled,
thus reducing front end complexity. A digital signal processing circuit then extracts the selected data from this limited
digital signal. which is significantly easier to process than a full bandwidth digital signal. Feedback information is pro-
vided back to the upstream transmitter which causes the upstream transmitter to transmit downstream data thereafter
only using the limited bandwidth of the front end, and not the full bandwidth. This feedback information contains infor-
mation about the channel that suggests to the upstream transmitlerthatthe other bandwidth in the channel is unusable.
in this manner, the upstream transceiver is trained to accommodate the lower rate downstream transceiver in a manner
that nevertheless preserves protocol integrity.

in a preferred embodiment, the large bandwidth analog data transmission signal is comprised of a number of DMT
modulated sub-channels, and an anti- aliasing filter on the front end of the the downstream transceiver ensures that
only a limited number of such sub-channels are processed by a DMT signal processing core. The feedback information
consists of non-zero SNR information for the selected sub~channels, and a sub-channel blackout "masl€’ to eliminate
the potential use of other sub-channels. The feedback information is sent by way of atront end transmitting circuit which
transmits an upstream data transmission using a second frequency range different from the downstream transmission.

One implementation of the aforementioned high speed system is in a personal computer, so that the signal
processing can be accomplished using a processor within such computer, which in a preferred embodiment is an X86
compatible processor. Another implementation of the aforementioned high speed system uses a dedicated signal proc-
essor for demodulating the selected sub»channels. This cuts down on processing overhead requirements for a host
processing system incorporating the system. in such implementations the portion of the downstream data transmission
to be processed for data extraction can be configured by a user of such systems, or alternatively, it can be dynamically
determined based on an evaluation by the digital signal processing circuit of performance characteristics of different
portions of the frequency spectrum within the bandwidth potential of the upstream transceiver.

in another variation, the data rate of a system such as described above can be increased by processing data from
an additional second limited frequency bandwidth portion of the total available downstream bandwidth. In a preferred
embodiment, this can be done by including a number of anti- aliasing filters in a modular bank as part of the analog front
end section. each of which passes a different frequency bandwidth portion. By making the analog front end modular,
the data rate of the overall system can be scaled in a controllable and cost—eflective fashion. At the same time, each
analog front end portion can be operated at a slower sampling clock and smaller dynamic range. This results in a more
relaxed speed requirement and smaller quantization noise at a given number of bits per sample.

The present disclosure also includes an interface to an operating system, to facilitate controlling the high speed
communications system when it is incorporated in a personal computer system. This interface ensures that the operat-
ing system treats such communications system essentially the same as other prior art voice band modems, and in a
preferred embodiment, is a device driver for the Windows NT operating shell. Finally, the present disclosure also
describes an applications program which permits a user of a personal computer to control the performance character—
istics of the high speed communications system by setting certain system parameters when such system is incorpo-
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rated in a personal computer system. This program includes an auto calibration routine for setting such system
parameters, or alternatively a user of such program can tailor the settings subject to confirmation of the efficacy of such
settings based on an evaluation of the processing power available to such user.

Although the inventions are described below in a preferred embodiment implementing the ADSL standard, it will be
apparent to those skilled in the art the present invention would be beneficially used in any high speed rate-adaptable
applications.

It should be noted that while some prior art devices also have limited mechanisms for achieving a reduction of nom-
inal or peak transmission speed in a channel, they only activate or implement such mechanisms as a fallback response
to a failure in the channel, or because of a transmission rate reduction in the upstream transceiver. Unlike the present
invention, such prior art modems, during an initialization process, attempt to establish the highest possible transmission
rate achievable by the channel and the upstream transciever. in other words, any rate reduction imposed by the down-
stream modem is typically considered an unintended and undesirable side effect of bad channel characteristics, and
not a desirable and intentional design target as set forth in the present invention. In addition, the data rate reduction in
such modems is accomplished primarily by varying the number of bits per baud (hertz) at a fixed frequency, and nor by
controlling the overall frequency spectrum of the downstream data transmission. Moreover, in such prior art systems.
no effort is made to measure, identify or use an optimal portion of the usable bandwidth or set of transmission sub-
channels. instead, such prior art systems typically use whatever available bandwidth or sub-channels happen to be
usable at that instant in time.

Similarly, while a fixed 300 baud rate downstream modem can work with an upstream 33kbs rate modem this
arrangement is also unlike the present invention. This is because, again, the bandwidth reduction in such prior art
device is so large that it is considered commercially unusable by today's standards. Furthermore. the smaller bandwidth
modem is not compatible with, and does not support, the higher protocols of the higher bandwidth modem, which is also
undesirable from an implementation standpoint. Stated another way, unlike the present invention, the lower end modem
limitations of prior art system force the data link to be set up using a low level protocol that does not take advantage of
the full capabilities of more advanced protocols.

Finally, there is no mechanism for users of either of the prior art systems noted above to expand the functionality
of such modems in a controlled, flexible, and modular manner.

BRIEF DESCRIPTION QF I;lE DRAWINGS

Figure 1 is a pictorial depiction of the ADSL/DMT bandwidth allocation for upstream and downstream data in a
channel based on frequency division multiplexing (FDM) configuration.
Figure 1B shows the relationship between a sub -band filter and an analog to digital converter that can be used in
an analog front end (AFE) of the present invention ;
Figure 1C is a pictorial depiction of a SNR curve for a typical subscriber loop channel using sub-channel modula-
tion;

Figures 1D - 1G are mathematical modellings and charts that further explain the underlying physical premises of
the present invention based on DMT;

Figure 2 is a blockdiagram of a general implementation of a communications system employing the present inven-
tion, adapted for use in an ADSL environment ;
Figure 3A is a block diagram of a dedicated hardware implementation of a communications system employing the
present invention, also adapted for use in an ADSL environment;
Figure 3B is a block diagram of a mixed hardware an d software based implementation of a communications sys-
tem employing the present invention, also adapted for use in an ADSL environment;
Figure 4 is a block diagram depicting the general structure of the data pump device driver used in the mixed imple-
mentation shown in Fig. 3;
Figure 5 is a flowchart depicting the general operation of the control and application interface used in the mixed
implementation shown in Fig. 3 ;
Figure 6 is a block diagram of an implementation of a communications system employing the present invention,
also adapted for use in an ADSL environment, in which it is depicted how a user can modularly expand throughput
capability by adding additional AFE stages to process a greater percentage of the available bandwidth in the chan-
nel.

DETAILED DESCRIPTION OF THE INVENTION

While some of the concepts set forth immediately below are well-known, a brief explanation of ADSL technology is
provided with reference to Figure 1 to facilitate an understanding of the present invention. As explained above, it is well-
known in the art to use DMT to effectuate the ADSL standard. in contrast to most modulation schemes, such as AM/FM



Page 227 of 468

EPO 889 615 A2

transmissions that use one carrier, DMT uses multiple carriers to transmit data bits. Specifically, T1 E1 .4 ADSL stand-
ards specify an up to 255 channels for downstream transmission from the central office to subscribers and up to 31
channels for upstream transmission from subscribers to the central office. As shown in Figure 1, each carrier has a
bandwidth of 4.3125 kHz. The total bandwidth is 1.1 MHz for a total of 255 channels. In the upstream direction, a "pilot"
tone in the approximate rane of 69 kHz, is used for maintaining timing synchronization. A similar pilot tone is transmit-
ted in the downstream direction in the vicinity of 276 kl-lz.

Since upstream and downstream transmissions are over the same 2-pair twisted wire, they need to be separated
by either echo cancellation (EC) or frequency division multiplexing (FDM). Echo cancellation allows simultaneous trans-
missions in both directions but requires a complex echo canceler implementation. On the other hand, FDM uses two
different frequency bands for separate downstream and upstream transmissions. As shown in Figure 1, the upstream
transmission uses subchannels from channel number 6 to 31, and the downstream transmission uses subchannels

from channel number 41 to 255. While the remainder of the discussion below focuses on an system employing FDM, it
will be appreciated by those skilled in the art that the present invention is adaptable and can be used beneficially with
echo-cancellation approaches as well.

As with most communication environments, the transmission bit rates for both upstream and downstream commu-
nications in ADSL are not fixed but instead are determined by the quality of the channel. in the present invention, a
number of well-known techniques can be used advantageously for setting up the initial data link In general, these tech-
niques work as follows: during initialization, the channel quality is measured and a certain data rate (typically a number
of bits) is assigned for each DMT subchannel; thereafter, a "hand-shaking" process is used to dynamically and adap~
tively change the bit loadings (and energy levels). The latter is often necessary because (among other things) changes
may occur in the overall channel characteristics, changes in the target bit rate may be needed, or new bit distributions
in the sub—channels may be required because of degradations in one of the sub-channels.

The quality of the sub-channel response can be measured by the received signal to noise (SNR) ratio. According
to the Shannon theorem, the upper limit of the number of bits per unit Hz that can be transmitted is log2(1+SN H). There-
fore, by measuring the received SNR at the receiver and, one can determine the number of bits allocated for each
subchannel modulation. The total data throughput race achieved by the system, therefore, is simply the sum of all the
data rates of all the usable subchannels.

According to the T1 E1.4 ADSL standards, data bits are grouped and processed every 250 psec. The number of
bits that can be processed over one such time frame is the summation of the bits allocated for each subcharnel deter-
mined trom the previous channel response measurement. For a given number of bits assigned to a certain subchannel,
quadrature amplitude modulation (QAM) is used to convert bits to a complex value, which is then modulated by the
subchannel carrier at the corresponding frequency.

The above is a merely a brief summary of the general operation of a typical DMT/ADSL communications system.
The general circuits used in prior art ADSL systems, the specifics of the bitlenergy loading process for the sub-chan-
nels. the bit fine tuning process, and the details of the modulation of the sub-channels, are well-known in the art, and
will not be discussed at length herein except where such structures or procedures have been modified in accordance
with the teachings herein.

The full downstream data throughput of atypical p rior art ADSL standard transceiver approaches 6 Mbps, which
is more than 200 times the speed of conventional analog modem technology. This requirement was imposed since a
large part of the initial motivation to implement ADSL was to achieve high speed multimedia communications and video
teleconferencing. Nevertheless, a large number of potential users do not want or need to have such wide bandwidth

capability. For example, many potential users of ADSL (or similar high speed loops), including many who are intending
to use such links primarily for Internet access, only need to achieve downstream transmission speeds that are in the
hundreds of kilobits per second range. This data rate is in fact achievable using only a fraction of the available band-
width of ADSL. By processing only a fraction of the available bandwidth of the ADSL standard, the present invention
permits a limited but extremely useful ADSL modem to be implemented with significantly less expense and complexity
than previously possible. At the same time, because the present invention has modular characteristics, the proposed
implementation of the present invention affords users an easy path to forward and upward expansion of the overall func-
tionality of their system.

The principle behind this aspect of the present invention is as follows: As shown in Fig. 1B, if the transmission in
the channel is restricted to a smaller bandwidth by an anti—aliasing filter 80, according to the Nyquist sampling theorem,
the sampling rate of AFE devices (such as ADC 81) that perform analog to digital conversion can be significantly
reduced. Specifically, it the total downstream bandwidth is limited to some fractional total B Hz (in a preferred embodi-
ment using DMT in an ADSL environment. B = 20 DMT channels or about 86 kHz) as shown below, we can limit the
Nyquist sampling rate to around 180 kHz. This is achievable with ADCs having greatly simplified hardware and reduced
performance requirements, in contrast to the full ADSL bandwidth approach, which processes 200 DMT channels or
900 kHz in the case of full ADSL implementation.

The total accumulated bit race of an ADSL communications system using the present invention can be calculated
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as follows. Suppose a total number of k subchannels (out of a total of M possible) are to be supported and each channel
is allocated bk bits for transmission. The total accumulated bit rate (R) is:

R = ( EH1,‘ b ,) * 4 kHz (bits/sec)

where 4 kHz is the framing race defined by T1 E1.4 ADSL standards. If k=20 channels and the average number of bits
per channel is 6, than total bit rate (R) is approximately 480 kbits/sec. It can be seen that this fractional use of the ADSL
bandwidth nevertheless provides about 9 times the performance of a conventional analog 56 kbitslsec digital modem.
The benefits of this approach of the present invention are apparent. The overall performance and cost of a high speed
communications system can be scaled and controlled in direct relationship to the particular needs of particular users.
In general, the data rate supportable by (and the relative cost of) any particular implementation of the present invention
is generally determined by two factors: (1) the capacity of the AFE; and (2) the capacity of the hardware performing theDMT.

The capacity of an AFE is generally measured by the maximum sampling speed it can achieve. As explained
above, the sampling speed in turn determines the upper limit of the frequency band B (in kHz) that can be obtained. At
the defined channel separation of 4.31 25 kHz for ADSL, the total number of subchannels that can be supported is less
than or equal to B/4.1325. A suitable ADC can be selected, therefore, based on the particular data rate and cost
requirements of any particular user.

The other factorthat limi ts the number of subchannels (and achievable data rate) is the processing power available
for DMT modulation and demodulation routines. For example, a variety of performance levels (achievable data rates)
are possible with well-known dedicated signal processing hardware, such as digital signal processors, as discussed in
more detail below with reference to Figure 2. Alternatively. as shown in Figure 3, if such routines are implemented pri-
marily by software and run by a host CPU, the required processing power (MIPS) generally increases directly as func-
tion of the number of subchannels that need to be processed. This is because, in general, most of the processings are
done in serial, or a channel by channel basis. As discussed below in more detail, the present invention makes use of a
“calibrafion" routine for estimating the total available processing power of a users computing system in order to set an
upper limit of the total subchannels that can be supported.

Irrespective of the selection of the particu lar AFE or signal processing technique used, however, another useful
(but not essential) aspect of the present invention is that the sub-channels with the largest signal to noise ratio (SNR)
within the passband are selected for data transmission. in other words, in the preferred embodiment of the present
invention, those k subchannels within the passband that support the largest number of bits are used for processing. As
seen in Fig. 1C, for example, a standard two-are subscriber line typically has a SNFl curve that exhibits extensive atten-
uation with higher frequencies. It can be seen roughly in this figure that while there are more than 200 sub-channels
provided for downstream transmission in ADSL, it is typically the case that 50% of the maximum data rate can be
accomplished using only a much smaller percentage (than 50%) of the sub-channels. This fact is especially useful in
considering some of the shared! multi—channel bandwidth embodiments discussed further below.

The present invention, therefore, permits an implementation for a high speed data communications system that
makes use of the best portion of the channel, while still being upwardly compatible and forward expandable. By these
terms, it is meant that a system constructed in accordance with the teachings herein is completely compatible with a
fully implemented version ADSL DMT modem. Moreover, it will be apparent to those skilled in the art that appropriate
modifications specific to the channel and data link protocols and standards can be made so that the present invention
can be advantageously employed in non-ADSL environments as well. Upward compatibility and forward expandability
refer to the fact that systems constructed with the present teachings can have data rates that are easily upgraded while
still preserving and maintaining compatibility with existing standards. For example, lower end users desiring less band-
width can achieve a satisfactory performance with a minimum of cost, and can then upgrade the performance levels of
their systems at later time by suitable (and preferably modular) upgrades of the AFE and signal processing hard-ware/software.

A system constructed in accordance with the present teachings is completely compatible with the full ADSL stand-
ard because of the following two aspects: According to the rate adaptation feature specified by the T1 E1 .4 ADSL stand-
ards, the bit rate for each sub-channel is determined initially (and preferably dynamically on an ongoing basis) by the
sub-channel SNR analysis. Specifically, an ADSL downstream receiver can inform an upstream ADSL transmitter about
the quality of the transmission; the receiver can also decide the bit rate for each sub-channel. Therefore, a downstream,
partial-channel bandwidth receiver using the present invention can (based on the speed and passband of such
receiver) supply an upstream, full-standard ADSL transmitter with information or control signals to effectuate a trans-
mission only in selected sub-channels. In particular, in a preferred embodiment, the upstream ADSL transmitter is pro-
vided with SNR information for sub-channels outside the passband that is artificially contrived so as to suggest to the
upstream transmitter that these sub-channels are not usable. in this manner, the downstream transmission is limited to
a certain number of subchannels within the AFE and signal processing capabilities of the receiver. It can be seen, nev-
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ertheless, that this scheme is completely transparent to the transmitter, thereby permitting a system built in accordance
with the present teachings to be fully compatible with the ADSL standard. While not possible at this time within the
ADSL standard, it is apparent that other high-speed data protocols may use a control signal, instead, to provide for
express limiting and control of the identity of the sub-channels transmitting information.

As the technology improves for AFE devices and DMT implementation, the number of subchannels supported by a
system using the present invention can increase. As a result, such systems can upgrade completely to a full T'lE1.4
ADSL implementation using a single higher end modular replacement APE devices, or alternatively, a number of lower
end modular AFE devices.

GENERAL EMBODIMENT OF PRESENT INVENTION

The basic structure of the present inve ntion is depicted generally in Fig. 2. In general, the present invention can be
embodied in different combinations of hardware and software. The primary difference between these embodiments is
the specific implementation of the DMT core. These specific embodiments are described in more detail below with ref-
erence to Figs. 3A and 3B.

The structure and operation of ADSL transceivers is well-known in the art, and for that reason the present descrip-
tion primarily details those aspects of such transceivers which are necessary to an understanding of the inventions
herein. As seen in Fig. 2, a channel 100 is made of a regular copper wire "loop", and each such loop may have differing
electrical properties. transmission lengths (sizes), varying attenuation characteristics, and a number of impairments or
interferences. Splitter 210, a conventional and well-known circuit, separates a DMT signal occupying more than 200
sub-channels from a lower end 4 kHz POTS analog signal. The latter can be used for simultaneous voice or conven-
tional analog modem. Hybrid circuit 220 is also well-known in the art, and consists primarily of conventional transform-
ers and isolation circuitry used in a wide variety of high-speed devices interfacing to standard telephone lines. A ring
detect logic circuit 290 can also be implemented using accepted techniques, to alert a Control Interface 295 to the exist-
ence of a transmission signal originating from an upstream transceiver (not shown).

The full bandwidth signal is either low passed or bandpass limited to a frequency width B by suitable, well-known
techniques as it passes through bandpass Filter and Analog/Digital Converter 280. so that only a fraction of the signal
in the frequency domain is passed on to Buffer and DMT Receive Core 260. Again, the only important consideration for
Subband Filter 280 is that it must constrain the bandwidth of the incoming signal to be s B, where the sampling rate of
the Analog/Digital Converter is 2 2B. This can be accomplished by using well-known filter designs. By suitable selection
of circuitry for Filter and ADC 280, the overall system cost and performance can be scaled accordingly. In a preferred
embodiment, the signal passed through Filter and ADC 280 occupies a spectrum between approximately 200 and 400
kHz. This selection is based primarily on an expected average performance of a typical tvvo-wire line. It will be apparent
to those skilled in the art that different bandpass widths and regions may be more suitable or optimal for other kinds of
data links, or other kinds of multi-carrier modulation schemes.

Moreover, in some instances, while it is somewhat more expensive to implement, an adaptive or tunable filter may
be substituted, such that the target frequencies of the passband are adjustable uniquely for each new data link In such
cases, the bandpass can be configured to coincide with the sub-channels having the highest achievable SNR, including
the subchannels that must be supported for protocol or other system overhead reasons. Also, in some applications, the
analog-to-digital conversion may be performed by a digital signal processor, or by the host computer and therefore, the
sampling rate can be dynamically controlled and matched to the bandpass target frequency and frequency breadth.
This feature, in turn, would assist dynamic scaling of the data throughput based on system computing power and over-
head requirements.

Furthermore, in this preferred embodiment, using a multi-carrier approach implementation for ADSL, a pilot tone at
276 kHz must be allowed within the passband. It is apparent that other protocols may require similar pilot tones. and
the design of comparable filters to achieve the functionality of Filter and ADC 280 is well within the ordinary skill of onein the art.

DMT Receiver Core 260 is generally responsiblefor monitoring and measuring the SNR of the sub-channels falling
within the frequency range passed by FILTER and ADC 280, and for extracting the original data stream from the numer-
ous sub-carriers. In a preferred embodiment, Control Interface 295 receives system configuration information from a
host 298. This information may contain such parameters as target throughput rare R, target error rate, target center fre-
quencies F for FILTER and ADC 280, target frequency width B, etc. By evaluating the SNR and bit capacities of the sub-
channels computed by DMT Receiver Core 260, and taking into consideration the target data rate R, Control Interface
295 can select a number k of sub-channels up to and including the total available number M of sub-channels to carry
the data stream from the upstream transmitter (not shown). The number of sub-channels that can be used for carrying
data is directly related to the bandpass frequency B as described above. In a preferred embodiment, M = 200+ (ADSL)
and Control Interface 295 will usually configure k = 20.

For every sub-channel other than the selected k sub-channels, a "mask" or blackout control/feedback signal is gen-
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erated and transmitted by DMT Tx Core 250, Buffer 260 and DAC 230 to the upstream transceiver. This ensures that
any subsequent data transmissions by the upstream transceiver only use the selected k sub-channels. This feedback
information is provided, therefore, irrespective of the transmitting capacity of the upstream transceiver, and even during
times when the channel 100 is capable of supporting more than k sub-channels. in this manner, the present system is
perceived by upstream transceiver to be compatible with protocols and performance characteristics of the upstream
transceiver, because the upstream transmitter receives feedback information indicating merelythat thetwo systems are
connected through a channel with substantial signal attenuation characteristics for data signals outside the ksub-chan-
nels. Based on the inherent rate adaptiveness of ADSL and other similar protocols. the upstream transceiver will auto-
matically train itself to use orily the k sub-channels predetermined by the downstream transceiver. It should be noted
that the DAC 230 and Butter 240 in the front end transmitting circuit preferably transmit any upstream data transmis-
sions using a second frequency bandwidth different from that of the downstream data transmission. However, this is not
necessary in systems using echo-cancellation. Furthermore, in ADSL applications, the size of this bandwidth is consid-
erably smaller, and uses only L sub-channels, where L < M. in other xDSL applications, L may be on the same order or
larger than M. ,

Again, while the ADSL standard fixes the data error rate to be 10 ‘7, it is conceivable that other applications of the
present invention may tolerate a reduced error rate. For example, if maximum data throughput is required (i.e., the mar-
gin is less constrained) then the largest bit capacity sub-channels within B can be selected. Alternatively, if the system
is error-performance driven and has more relaxed throughput requirements, than the 20 subchannels with the best mar-
gin are selected. A suitable combination of sub-channels can be selected by one skilled in the art based on the partic-
ular system requirements which may vary from application to application. Moreover, Controller Interface 295 may
optimize the desired sub-channel mix dynamically depending on the type of data transmitted in channel 100. For exam-
ple, streaming audio or video, or pictorial graphics, may require less integrity and error performance than other kinds of
data used by n applications programs running on host 298. The specifics of the structure, operations and techniques
used by Controller interface 295 are not constrained by any requirements of the present invention, and can be imple-
mented in various ways well-known to those seed in the art.

The operation of the remainder of the circuitry shown in Fig. 2 is also relatively straightforward and not unlike a typ-
ical multi-carrier modulation system. Control Interface 295 ensures that DMT Transmit Core 250 performs bit and
energy loading only for those sub-carriers necessary to effectuate a selected host throughput rate/error rate combina-
tion. As with the circuitry used for Filter ADC 280. the circuitry for performing the functions of DAC 230 can be imple-
mented in programmable form to allow for greater flexibility.

Finally, while not presently supported in ADSL protocols, it is nevertheless possible that the filter in block 280 can
be eliminated entirely in some applications when the sub-channel or downstream transmission frequencies can be con-
figured through appropriate handshaking or similar procedures. In other words, if the upstream transmitter can be con-
figured to transmit using only a portion of the bandwidth available in the channel, the advantages of the present
invention can still be realized, because the ADC portion of block 280 can still be relatively less complex, since it will be
processing at a much slower sampling rate than that required for a full spectrum implementation. Moreover, such an
implementation would also yield the same commensurate savings in the DMT processing core, and reduced quantiza-tion errors.

Some special features of the present invention include the fact that:

(i) unlike hardware architectures implementing a full T1 E1.4 ADSL standard, the present invention uses a filter in
the front end. As mentioned earlier, the use of this filter is to allow low speed sampling by the ADC. it suitable hand-
shaking between the upstream and downstream transcievers can be effectuated to generate a reduced downt-
stream transmission, the filter can be eliminated.
(ii) standard ring detection logic is incorporated to support existing modem features;
(ii) DMT Ftx core 260 is basically implemented the same way as specified by T1E1.4, but with some important dif-
ferences, specifically:

[a] due to subband filtering and lower speed sampling, the frequency channels at the output of FFT (not shown)
in the DMT Rx Core have a frequency shift
[b] Since not all 256 subchannels are necessarily supported by the DMT Rx Core 260, actual FFT implemen-
tation can be smaller, simpler and more cost-effective;

(iv) Control logic 295 permits the system to behave essentially like a conventional analog modem, and is used to
support necessary setup tasks such as dialing and handshaking;
(v) The use of limited bandwidth from the downstream channel reduces the need for echo-cancellation circuitry,
because there is less need for overlap between the upstream and downstream transmissions, and this further
reduces system complexity and cost;
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(vi) Because a smaller portion of the spectrum is processed by the present invention, the peak-to-peak deviation of
the downstream signal is reduced, and this helps to minimize quantization errors.

DEDICATED HARDWARE BASED EMBODIMENT

Figure 3A illustrates an embodiment of the present invention that can be g enerally described as a dedicated hard-
ware implementation. For the present discussion of Fig. 3A, it can be assumed that those circuits having like numbered
references are the same and/or perform the samefunction as their counterpart in Fig. 2. For example, unless otherwise
indicated, there is no material difference between Splitter 210 (Fig. 2) and Splitter 310 (Fig. 3A).

in this embodiment, the DMT sub-channel modulation core is implemented completely in dedicated processing
hardware. For thin appliction, DMT Receiver Core 260 typically includes a digital signal processor (DSP) (not shown)
and including on-board program ROM (or other suitable memory) for storing executable microcode routines for perform-
ing bit, energy and SNR measurements of the carriers in the sub-channels. in such an embodiment, due to the power
of the DSP, there is typically no need for processing assistance from a user's host processor 398. This embodiment
therefore may be advantageously employed where host processing power limitations are a consideration.

A user of a system shown in Fig. 3A can expand the functionality (i.e., data throughput rate and modem features)
of such system by upgrading the DMT Fieceiver Core 260, and where necessary, the AFE 280 as well. The system of
Fig. 3A can be incorporated on a typical printed circuit board. By mounting or packaging the circuits used in such blocks
in an accessible fashion, they can be replaced or supplemented much in the same way present users of personal oom-
puters can upgrade their motherboards to include additional DRAM. One practical alternative, for example, would be to
have multiple available slots to accommodate new subband pass filters for passing a greater portion of the downstream
transmission to be processed by the DMT core logic. Other practical and simple variations of this approach will be
apparent to those skilled in the art.

PARTIAL SOFTWAFIE BASED EMBODIMENT

in the above dedicated hardware embodiment, the overall speed (data throughput) can be maximized but with less
flexibility for upgrades. This is because upgrades to such a system must take the form of hardware replacements, which
can be more costly and difficultfor the user to incorporate. On the other hand, as depicted in Fig. 3B, a number of impor-
tant functions of a communications system can be completely implemented in software, in an analogous fashion to what
is commonly described in the art as a "software" modem. in this case, the overall speed of the system depends on the
user's processor power available at host 398, and only the AFE portion need be implemented in hardware.

The primary differences between the embodiments of Fig. 3A and 3B are the following: (1 ) implementation of DMT
modulation; (2) implementation of the control and handshaking functions; and (3) implementation of the control inter-
face. As seen in Figures 3B and 4, DMT Receive Core 460 and DMT Transmit Core 450 are implemented in a data
pump device driver by the host system 398. In a preferred embodiment, host system 398 includes some form of multi-
purpose microprocessor (such as an x86 type processor) running a suitable operating system (such as Windows by
Microsoft), and is capable of executing suitable low level drivers for the DMT modulation (Fig. 4), as well as high level
application software for implementing Control Interface 500 (Fig. 5). Host processor system 398 communicates over a
standard bus interface 385 (i.e., a PCI bus) to Front End circuitry 396 for implementing a high speed modem. As with
the circuitry in conventional analog modems, this circuitry of the present invention can be effectively incorporated on a
PC motherboard (i.e., Bus Interface 385 and Front End Circuitry 396 can be merged so that they are essentially part of
host system 398) or on a separate printed circuit board , or as a stand-alone unit physically separated from host 398.
While this approach may not provide as much throughput performance. it has the advantage of being less expensive
than the pure hardware approach of Fig. 2. and much easier to upgrade.

In the "software" modem implementation of Fig. 3 using a typical PC running Windows, the DMT Tx core 450, Fix
Core 460 and Control/Handshaking logic are implemented as a Vlfindows Data Pump Device Driver 400, which consist
of DMT routines, associated control and handshaking codes, and an interface to kernel 480.

A more detailed characterization of a portion of host processing system 398 is depicted in Fig. 4, which illustrates
a preferred embodiment of a device driver 400 as it would be constituted for a computer operating system shell 480. in
the present embodiment, Microsoft Windows NT is considered, but it is understood that other comparable environments
may be used, including UNIX, \Mndows 95, etc. As is well-known, operating system 480 is responsible for supervising
and controlling the operation of processing system 398 and all of its associated peripheral devices. Operating system
480 also includes various interactive control and graphical application interfaces (Fig. 5) for permitting a user of
processing system 398 to run various applications programs, and to set up, control, configure, monitor and utilize
peripheral devices such as disk drives, printers. monitors, modems and the like.

To assist operating system 480 to interact and control such peripheral devices, it is also well-known to use device
drivers, which are essentially low-level hardware routines executed by a host processor and operating system. A device
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driver is a memory image file or executable file that contains all the code necessary to instruct a host processor to inter-
face and drive a particular device within a computing system. Device driver 400 acts as an interface between an oper-
ating system 480 (in this case, Microsoft Vtfindows NT) and hardware 396. in this case, for example, device driver 400
supports hardware 396 (see Fig. 3B), which is embodied in a typical printed circuit board (or external device). The
teachings herein therefore provide for a new device driver that in combination with hardware 396 operates as a "soft-
ware" modem. in this manner, operating system 480 classifies this combination as an ADSL modem, or in other words,
another typical personal computer peripheral device, analogous to conventional voice-band modems.

Generally speaking, device driver 400 works as follows: a user of processing system 398 desiring to establish a
data link to a remote site for transmitting/receiving data initiates such link through an application program (Fig. 5). Oper-
ating system 480 (Fig. 4) interprets and services this request by passing control of this task to device driver 400, which
first generates appropriate instructions for a Device initialization 440. in a preferred embodiment, Modem card 396 is
initialized through Bus interface 410 using conventional voice band modem control commands, so that the present
invention is compatible with preexisting applications programs written for controlling modems using operating system
480. Similarly, therefore, control and data signals are interpreted and transmitted by operating system 480 to a Serial
Port interface 475 so that conventional modem dialing instructions and handshaking signals can be imparted to Modern
Card 396 to establish a link through channel 100 to an upstream conventional ADSL transciever (not shown). As
explained above, after suitable handshaking protocols have been completed, the upstream fully compatible ADSL
transceiver will begin transmitting data on all available M usable sub-channels. This downstream data is filtered by FIL-
TER/ADC 380 and at this time, information for only N sub-channels (N<=M) is temporarily held in Buffer 370. At or
before this same time, an interrupt is generated by bus interface 385 and passed through device driver bus interface
410 to alert Interrupt Service Router 415 to the existence of downstream data requiring processing. Thereafter, DMT
Fleceive Core 460 begins processing the downstream data stream in response to control information from ISFI 415. A
demultiplexer 465 extracts and correlates the data in the various sub-channels before passing it on to Serial Port inter-
face 470, and back to Operating System 480. in this manner, Device Driver 400 coordinates with Modem card 396 to
effectuate a sofware modem whose performance is directly correlated to the computing power of a processor contained
within the host processing device.

As mentioned earlier, Device Driver 400 also contains control information for configuring the number and selection
of sub~channels to be used in the particular data link established through channel 100 with the upstream transciever
during an initialization process. As also mentioned above, this control information may be self—determined by a user of
host processing system 398, or alternatively, automatically sensed and monitored by such processing system, based
on a computing performance rating for such system determined in a calibration routine. in either event, during the ini-
tialization process (and at all times subsequent) the upstream transceiver is induced to use such subchannels only for
the ensuing data transmission. This is accomplished by transmitting SNR information that is interpreted by the
upstream transceiver as zero for all but Ks N of the sub-channels of the driver selection. This data is passed under con-
trol of Operating System 480 through Serial Port 475, Framing control 455 and DMT Transmit Core 450 before being
sent out to Modern Card 396 and channel 100. ,

it is understood, of course, that ADSL Modem 396 can also respond to a request from a remote modem for initiating
the data link. The process for initializing the link, nevertheless, is essentially the same as that described above. Device
driver 400 can also contain control logic for supporting typical dial-up modem operations and control codes from con-
ventional modem application programs typically implemented in voice-band modems, such as setting up Origi-
nate/Ansvver modes, monitoring call progress, performing modem diagnostics, configuring receive/transmit buffer sizes,
supporting facsimile transmissions, as well as performing enhanced error control, data compression and flow control
between Modem Card 396 and Operating System 480. Device Driver 400 can also support other conventional "always-
on" data link connections as desired, such as may be found in typical ethernet network connections, and other dedi-
cated applications.

Given the teachings of the present invention, the general design of the above Data Pump Device Driver 400 is a
routine task well within the abilities of one skilled in the art. The specifics of such implementation are not critical or
essential to the present inventions, and will vary from application to application according to system designer require-
ments, so they are not included here. Again, while this embodiment of the present invention is set out in the context of
a PC based host processor running Windows, it will be apparent to those skilled in the art that above description is
merely an exemplary implementation. The referenced DMT routines, associated control and handshaking codes can be
employed in numerous host processing/operating system environments, and in a variety of different coding organiza-
tions (high level or low level processing forms) well-known in the

in the preferred embodiment implemented using a standard PC running Windows, Control/Application interface
500 includes \Mn32 codes which provide standard modem utility functions and interface with Data Pump Device Driver
400. In Fig. 5, a flowchart of the operation of the Control/Application interface 500 can be seen ., which interface is dis-
cussed in more detail below.

Another particularly beneficial aspect of the embodiment of Fig. 3B is the provision of a self-determining "perform-
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ance" or calibration rating that can be used to determine an optimal or maximum data throughput rate. In other words,
the system of Fig. 3B can automatically and adaptively configure a host system 398 to a particular throughput rate
based on an evaluation of the available computing power. in a preferred embodiment, the performance rating is deter-
mined based on a calibration rouune executed by Data Pump Device Driver 400. This routine sets a timer, and counts
how many DMT frames can be processed within the given time: this gives a relative figure of merit for the particular host
system in question. For each sub-channel to be added, one DMT frame needs to be processed within a small fraction
of 250 ps. Therefore. by incrementally increasing the sub-channel count, the overall effect on total system processing
overhead can be determined. Control/Application interface 500 provides the user with control to set a threshold of avail-
able host power for implementing the high speed link. Based on this threshold of available power (which can be nomi-
nally set to 20%) the number of subchanneis that can be supported can be gleaned very quickly.

in view of current technology, when DMT processing is implemented in software, the host processing power is more
likely to be the limiting factor than the frequency band of the subband filter 80 in Figure 1B. Nevertheless, because host
processors (and especially microprocessors) are evolving in performance at a fairly rapid rare, the present invention
affords users an opportunity to realize a high speed data link with performance that is controllable, and which improves
whenever there is an upgrade in the host processing system. Since many typical present day personal computer sys-
tems have easily accessible and replaceable host processors. users of the present invention can easily and flexibly
expand and enhance the throughput and functionality of an ADSL modem.

An example of the flow chart for an ADSL mo dem application/control program 500 designed in accordance with
the present teachings is shown in Fig. 5. With the teachings herein, a user of host processing system 398 can, for the
first time, dynamically control a forward compatible and expandable modem, such as an ADSL modem, using modem-
control applications software that is analogous to that only previously available for voice band modems. in a preferred
embodiment, ADSL Modem Card 396 is automatically detected by Operating System 480 and set up by initialization
routine 505 by Modem Device Driver 400. A separate detection routine 510 determines whether or not ADSL Modem
Card 396 has been upgraded with an additional AFE (as described generally with reference to Figure 6 below), or alter-
natively whether a processor used in a host system has changed. The purpose of this step is primarily to determine
whether entries in a Device Parameters Table 560 need to be updated because of changes in computing power, front
end capabilities or other parameters that may necessitate a modification of the data throughput characterization of the
overall system when used in a communications mode.

A calibration routine 520 is then executed to determine the nominal setup parameters for the overall system in the
manner described earlier. The results from this operation are stored in Device Paramater Table 560 where they then
become accessible to vanous application programs that may make use of ADSL Modem Card 396 and Device Driver
400. The information stored in table 560 can include any or all of the following (a) measurements of the computing
power available to the host processor; (b) measurements of the number of frames processable by the system within a
particular time period; (c) estimations of the expected loading on the processing system based on demands of other
applications programs and peripheral devices; (d) minimum and maximum data throughput estimations and/or targets;
(e) data identifying the type of host processor; (f) data identifying the number and type of AFEs in ADSL Modem card
396: (g) estimations and/or target system loading rates available for a datalink (i.e., maximum available processing time
to be used by the system during data transmission); (h) data transmit and receive buffer sizes; ( i) interrupt or similar
priority data for the modem card; (j) estimations and/or target system sub-channel utilization; (k) estimations and/or tar-
get system sub-channel bit capacity information; etc. it will be apparent to skilled artisans that the above are just exam-
ples of the types of information that may be pertinent to the performance of a high speed communications system. and
that other parameters may be considered depending on the environment, application, etc. in which the present inven-
tion is used.

After performing Auto Calibration routine 520, the results of the same are presented to the user for acceptance and
verification at step 525, At this point, the user can accept the predetermined configuration data at step 526 (i.e., such
as proposed maximum and minimum throughput rates, loading rates, etc.) and this would othenivise invoke an end of
modem setup routine 590. Should the user not want to accept the recommended parameters, a Manual Configuration
routine 530 is executed. At this juncture, various system performance data can be presented to the user for review,
along with a list of modifiable system options 532. if for example, the user elects to increase the desired throughput rate,
a Verification routine 540 is then executed to determine whether such rate is reasonably sustainable within the other
parameters of the system. if the new proposed configuration data is otherwise acceptable, then the Device Parameter
Table 560 is updated. and the setup routine again ends. Otherwise, the user is alerted by a Notification/Suggestion rou-
tine 550, which points out the failure of the proposed configuration, and, if possible, makes suggestions to the user for
modifying the system options 532 so that overall compliance can be achieved within the performance capability of the
host processing system. The program then loops back to Acceptance routine 525, and thereafter the process is
repeated until an acceptable configuration has been achieved. and any changes have been incorporated into Device
Parameter Table 560.

While some of the operational steps above are described as implemented solely by Operating system 480 and
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Device Driver 400, it is understood that such operations occur under direction of modem applications program 500, or
in some cases, based on initialization routines executed by the host processing system. Moreover, to simplify the pres-
entation of the present invention, only some of the features that may be implemented are described above, and many
other well-known operational steps normally associated with setting up or monitoring modems are omitted.

As with the design of the above Data Pump Device Driver 400, the general design of the Control/Application inter-
face 500 required to accomplish the above functions is a routine task well within the abilities of one skilled in the art
given the teachings herein. The specifics of such implementation are not critical or essential to the present inventions,
and will vary from application to application according to system designer requirements, so they are not included here.
Again, while this embodiment of the present invention is set out in the context of a PC based host processor running
Windows, it will be apparent to those skilled in the art that above description is merely an exemplary implementation.
The referenced Control/Application Interface can be employed in numerous host processing/operating system environ-
ments, and in a variety of different coding organizations (high level or low level processing forms) well-known in the art.

MULTIPLE AFE AND LOWER SAMPLING SPEED EMBODIMENT

Figure 6 illustrates an example of the present invention wherein a user can achieve significantly increased data
throughput using multiple low cost, low sampling speed AFEs, generally designated 680A, 680B, 6800. etc. As
described above, these AFEs may be in separate, modular form and configured in a bank form so that they can be
incorporated conveniently on a printed circuit board (or similar mounting) or integrated in a single lC chip. Each AFE
can be implemented in a fixed hardware configuration, or individually programmed/controlled to pass a certain portion
of the downstream data transmission. Assuming suitable processing power is available for DMT modulation/demodula-
tion (either through a dedicated or software implementation as described above in connection with Figs. 3A and 3B) a
user of such system can achieve substantially expanded functionality by upgrades having performance characteristics
and costs of their choice.

UNDERLYING THEORY OF PRESENT INVENTION FOR ADSL/DMTAPPLICATIONS

A discussion of the underlying theory supporting the premise of the present invention now follows. In particular, this
section shows the mathematical foundation For the use of multiple low speed AFE's to sample a full bandwidth
ADSLIDMT signal. lt will be apparent to those skilled in the art, after reading this discussion, that the present inventions
can be advantageously used in a number of rate adaptable communications environments, including CAP implementa-
tions of ADSL.

DMT Transmitter

To simplify the present discussion, only a subset of the DMT transmitter is considered, as shown in Figs 1 D and
1E. The combined model that includes the channel response and the DMT receiver is shown below, where only one
branch of band-pass filtering and sampling is shown for simplicity. To further simplify, the channel response and the
SFlFt are combined together.

In this subsection, we analyze the signal over one band pass filtering process. The result shows that the DMT sig-
nals within the band pass can be recovered with the same use of impulse response shortening technique. With use of
multiple AFE's that cover different frequency bands, all DMT subchannels can be recovered. IFFT

In an ADSL environment as shown in Fig. 1D, N (N=512) frequency domain variables are transformed into the time
domain by IFFT block 60

N4 '2 ' /N
In

yn = Z Xnej 7!r=o

Cyclic Prefix

0 time domain variables at the end are added to the prefix of the sequence as shown in Fig. 1D by block 70
(Zn}={Z-c-Z~o+1-‘ ' 'vz—tvzo-Z1-‘ ' ‘vZN~1}={YN-o- ' ' 'vYN-1-Yov ' ' '-Y/ll-1}

AFEIDAC

Discrete time domain sequence are converted by AFE 75 to the continuous time domain waveform as follows:
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up

2(1) = Z z,,p TX (t-nTc),n=-00

where pm (t) is the transmitter pulse of the AFE/DAC used, and To is the transmitter DAC dock period and equal to

T _ 250psec°" N+c

according to the DMT ADSL specifications.

Channel

With reference now to Fig. 1E, if the channel impulse response is hc(t), we have
no

u(t)= Z z,,pHX(t-nTc)I’):-W

20 where pRX(t)=p TX(t)®hG(t).

Bandpass Filtering

If the bandpass filter 80 has an impulse response of25
on

haPF(0v"(0=v Z ZnpBPF(t'nTc)n=-00

Where PBP/=(T)=P Hx(f)®/7 BPF(f)-

AFE/ADC

Let the sampling clock be T3 = To x L. This means a slower sampling by a factor of L for AFE 81. Thus,

we 00

WK: 2 ZnpBPF(kTs'nTc)= 2 ZnpBPF([kL'n]Tc)n = »w n : me

For causal pulse ,UBp]: (t), we have

up 00

Wk = 2 Zn!’ BPF((KL ‘ '7) Tc) = E ZKL-np BPFnTc)n = -ac n = 0

Shortening FIR (SFIR)

After AFE discrete time sampling, a time domain equalizer (TEQ) called SFIR 82 is used to reduce the combined dis-
so crete time impulse response to a duration smaller than c. If the SFlFl response is h5F,,;[n], we have
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= Z Wk-rhsrrniii1=o

‘‘ i 1». Parr (U‘L ’" ‘ ‘UT: flhsr/n [5]"now:

= E Znhfal “(L " "1;[:—9

in ZIIL-II hm: ["1n=0

hr-21[kL"‘n] = §E)hsFIR[i]P5rF([kL’"‘iLF¢~)

Physical Meaning of hm, [n]

If we perform discrete Fourier transform at block 84 ior hm, [n], we obtain H ,a,[a)]= H5,7,3 [Loa]HB,,,.- [on] where HsF,,;
[Lo] and HBFF [03] are the DFT‘s with period l(LT,,) and I/Tc, respectively. Their spectra can be illustrated as shown in
Fig. 1F for L=5.

Dropping Cyclic Prefix

By dropping the cyclic prefix of length c/L, at block 83 we consider only 3 k =rk,k=0, - - - ,N, -1 , where N1 =N/L.

FFT

Performing FFT at block 84 for s K, k=0, - - - ,(N/L)-1 ,one obtains:

—j21rnl /N
61" ‘

—j2m /N,

- -'- N

zkL-ihzoi D1}? flunk] I
e—j2rtn(kL—i)/Nle-j2mu'/N,ZkL-ihrot

ee —-j27rn(lrL—f)/N - —j2I:'ni/N
. ‘hm: [lie 'g',["]zff
'e—j27L'IlUrL-I)/Nlhmr [I-16-jzzrni/N‘Tl.OM“

22+ Ill

Ye-}'7.1fIl(n'(.L-ll)/Nlhm‘ U18-j?.trn4'lN,
I

AM“ % ll

where we assume hm, [I] is only nonzero for i = O, - - - ,0. Fora given i , let us define
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r=|'r/L];

We can then define i'=/’L-i, where /’=O,...,L-1 . Therefore, i=/1-I"
From the above definitions. we have

N—l . . 1'-1 . _ N—l . .
- 2Im(kL )/N __ — 2m(kL )/N - 2m(k1. )/N

): }’kL—ie I —‘ '-X)’1¢.,-6’ J ‘l ‘+ : .ykL—ie J .‘ I
k=0 k-—-() k=r'

I -1 . . N -'1 . .

=k}=:OY(k-43L+r'3‘l2m([k_”LWN' + >’(&47L»:-9_12m([H]LWN'
M

= 2 ya.” N)’; A.e—j2Jm([k—l‘+N,]L~H")/N, ++ ‘H
[go 1

_ e—jZm(k£:H')/N,

1v—1 _. . N,—H' _.2m km. [N
___ : ykwe /Zmtk-’-+0/M + Z ykwe J ( 3 1

k=N,—l' kd)
1v—1 . .

____ : yu ' E-;2:m(kL4«')IN,H.
k=0

Therefore,

N-I
-‘2 k —' . _- »

ykL_ie J lrn(L 1)/Nlhm [[18 }2mu/N,

+i‘e—j2.-rn(kl. +.‘~)/N1Jhm [I-]e—j27rni/N,
hm’ [I-Je-'j2IEIll'/NIxle j2IL‘(kL +1”)!/N }—j27rn(kL +1”)/N1]

-lN—l .

Z xle I2rr(lc.L+r")(l-n)/N Jhm [i]e—j2zni/N,1:
N —l

'2 ~~ _ . .

£1 Il’(/cL+r)(l n)/Njhm [I-lg-121:1-rr/N,

N,-1

Z 8 /‘2rr(kL+r")(l-n)INk=0 =0when(/- n)¢ mN1,

° H 2 V /L /'2rni/N
I'm . ‘ v

qn=N1Z[ZXmN1+ne/ N :Ihra![’]e 1i=0 m=0
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Knowing that hm [I] is zero for i < 0 and i > c , we have

[':—oo

1
'2 " . ..‘ '

xmNl+neJ Irtm/Ljhmhle j2Itm/N.=0

.=o m:

L—l

[ xmNl+neJ2Il'I'In/L hm “L _ I-.]e—j2m:(1L-i‘)/No

L—l , ,_ ..

x,,_Nl” ,J2mm/L Z hw’ UL __i.]e—,2mz(1L—r)/N[=—ou

Zhm[,L_ 1-. ]e——j2m(lL—i')lN ____ ihm[lL_ ‘..]e—jw(!L—i’)7;
l_.—ee

cu=2rm/N1;
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Ftelationship between q,, and x,,

As shown in l-"lg. 1G if Fl,o,{n] is a bandpass filter and nonzero only in the intervals [k(N/2L), (k + I)(N/2L)] and [(2L-k-
I)(N/2L) (2L-k)(N/2L)]. where 0 5 k < L, the possible values of m that

Hm,[m(NlL) + n]

is nonzero for 0 s n < (N/L) are as follows.

Even k

if k is even, we can have m=k/2 and 0 s n <(N/2L) so that

H,,,,[m(NIL) + A]

is nonzero over the interval [k(N/2L), (k + l)(N/2L)]. and m=(L-I)-k/2 and (N/2L) s n < (N/L) so that

H,,,,[muv/ L) + n]

is nonzero over the interval [(2L-k-l)(N/2L). (2L-k)(N/2L)].

Odd k

If Ir is odd, we can have m=(k-l)/2 and (Nl2L) s n < (N/L) so that

H,a,[m(N/ L) +11]

is nonzero over the interval [k(N/2L), (k + |)(N/2L)], and m=L-(k-l)/2 and 0 s n <(N/2L) so that

H,m[m(N/L)+n]

is nonzero over the interval [(2L-k—l)(N/2L), (2L-k)(N/2L)].
The above discussion is illustrated in Fig. 1G for L = 3.

in another variation that can be used in the present invention, similar advantages to those obtained by limiting
bandwidth in the received signal in the downstream transceiver can be obtained by also optionally limiting the upstream
data rate of the transceiver as well. in other words, the ADSL standard provides for 31 channels in the upstream direc-
tion, but many applications do not require this amount of bandwidth. The constraints, requirements and costs associ-
ated with the DMT modulation signal processing, and DAG 330 also can be significantly reduced by transmitting only a
sub-set of the available 31 sub-channels. The determination of the appropriate sub-channels would be accomplished
in essentially the same manner as set forth above, except that the information on upstream sub-channel SNR usually
must be determined by the upstream transceiver, and then fed back to the downstream transceiver. To save time and
overhead complexity, and given the fact that there is less variation in bit capacity in sub-channels in this frequency band,
one approach also would be to simply select a fixed sub-set of such sub-channels-without regard to their actual per-
formance characteristics. In a software modem environment, Control/Application software 500 would provide a user
with selectable control to effectuate a restricted upstream transmission on limited sub-channels. Again, with respect to
the ADSL standard, the only requirement in this respect is that the upstream pilot tone must also be transmitted to
establish a valid data link An optional limited "upstream" transmission can be effectuated in a variety of ways by the cir-
cuitry already described above in connection with Figs. 2 and 3. The exact details of such implementation will be appar-
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ent to those of skill in the art given the present teachings.

Although the present invention has been described in terms of a preferred ADSL embodiment. it will be apparent
to those skilled in the art that many alterations and modifications may be made to such embodiments without departing
from the teachings of the present invention. For example, it is apparent that the present invention would be beneficial
used in any xDSL or high speed multi-carrier application environment. Other types of VLSI and ULSI components
beyond those illustrated in the foregoing detailed description can be used suitably with the present invention. Accord-
ingly, it is intended that the all such alterations and modifications be included within the scope and spirit of the invention
as defined by the following claims.

Claims

1.
A high speed communications system capable of supporting a downstream data transmission from a upstream
transceiver using a analog signal consisting of M data carrying signals contained within a bandwidth F. said system
comprising:

a channel interface circuit for coupling to and receiving said analog signal; and
a front end receiving circuit for processing the analog signal and converting it to a digital signal;
a processing circuit for extracting N data carrying signals (N <M) from the digital signal using a first frequency
portion ft of the digital signal (f1 <F).

The system of claim 1, wherein the N data carrying signals are selected by the processing circuit based so as to
minimize the amount of processing required to extract the selected data from the digital signal.

The system of claim 2, wherein the N data carrying signals can be selected during a initialization process setting
up a data link to the upstream transceiver.

The system of claim 3, wherein M data carrying signals can be sent by the upstream transmitter during a initializa-
tion process, and thereafter, only N data carrying signals are sent.

The system of claim 1, wherein the front end circuit includes: (i) a sub-band filter for passing the first frequency
bandwidth portion f1 of said bandwidth F; (ii) and an analog to digital converter.

The system of claim 1, wherein the selected data further includes data obtained from an additional second fre-
quency bandwidth portion t2 of said bandwidth F, so that an additional number of data carrying signals P from the
M data carrying signals (N+P < M) can be processed.

The system of claim 6, further including one or more sub-band filters for passing the first frequency bandwidth por-
tion f1 and second frequency bandwidth portion f2 of said bandwidth F and an analog to digital converter.

The system of claim 7, wherein a target data rate of the system can be increased by processing an additional
number of data carrying signals P from the M data carrying signals, where N+P <M.

The system of claim 1, wherein the selected data to be extracted from the bandpassed data can be controlled by a
user of such system.

. The system of claim 9, wherein a user of such system can increase a target data rate of the system by modularly
augmenting the front end circuit to include additional bandwidth and analog to digital conversion capacity such that
an additional number of data carrying signals P from the M data carrying signals (N+P <M) can be processed.

. The system of claim 1, further including a front end transmitting circuit for transmitting control information to cause
said upstream transceiver to transmit downstream data only using the N data carrying signals.

. The system of claim 11, wherein the control information transmitted to the upstream transceiver includes feedback
information indicating that only N of the M data carrying signals are desirable for downstream data transmission,
even during times when said channel is capable of supporting more than N data carrying signals.

. The system of claim 12. wherein the control information transmitted to the upstream transceiver further includes
feedback information indicating that: (i) the system can support any data protocols used by said upstream trans-
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ceiver; and (ii) that they are connected through a channel with substantial signal attenuation characteristics for data
signals other than the N data carrying signals.

. The system of claim 1, further including a front end transmitting circuit for transmitting an upstream data signal
using a second frequency bandwidth F2 different from F, and Ldata carrying signals, and where L < M.

. A high speed communications system for processing an analog data signal from a channel capable of supporting
M modulated sub-channels, said system comprising:

a channel interface circuit for coupling to and receiving said analog data signal from the channel;

a analog front end circuit for processing the analog data signal and converting it to a digital signal;

a processing circuit for extracting data from the digital signal, the digital signal including data taken from a
number N of said sub-channels, where N is intentionally selected to have a value less than M and where N is
negotiated with an upstream transceiver during a initialization procedure.

. The system of claim 15. where the N sub-channels are initially loaded with bit capacities that are left essentially
unchanged unless said channel characteristics vary.

. The system of claim 15, wherein the selection of the N sub-channels can be done during the initialization proce-dure.

. The system of claim 15, wherein the value of N is based on signal processing capability of the processing circuit.

. The system of claim 15, wherein a target data rate of the system can be increased by processing a additional
number of sub-channels P from the M sub-channels, and where N+P <M.

. The system of claim 15 further including a front end transmitting circuit for transmitting control information to cause
said upstream diver to transmit downstream data only using the N sub-channels.

. The system of claim 15, wherein the upstream transceiver uses discrete multi-tone (DMT) modulation for generat-
ing the M modulated sub-channels, and the channel supports asymmetric digital subscriber loop (ADSL) transmis-sion standards.

. A high speed communications system for processing an analog data signal from a channel capable of supporting
M modulated sub-channels, said system comprising:

a channel interface circuit for coupling to and receiving said analog data signal from the channel;

an analog front end circuit for processing the analog data signal and convertin it to a digital signal;

a bus interface circuit for transmitting the digital signal to a host processing device, and for receiving a trans-
mission control signal from the host processing device to cause said upstream transmitter to transmit using
only from a number N of said sub-channels, where N is intentionally selected to have a value less than M, and
where N is negotiated with a upstream transceiver during a initialization procedure.

. The system of claim 22, wherein the value of N is based on signal processing capability of the host processingdevice.

. The system of claim 22, wherein a data rate of the system can be increased by processing an additional number
of sub-channels P from the M sub-channels, and where N+P < M.

. The system of claim 22, wherein the upstream transceiver uses discrete multi-tone (DMT) modulation for generat-
ing the M modulated sub-channels, and the channel supports asymmetric digital subscriber loop (ADSL) transmis-sion standards.

. A method of processing a xDSL signal from a digital subscriber loop, said method including the steps of:
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negotiating a reduced data rate R‘ for said signal between a downstream and a upstream transceiver; and

thereafter transmitting said xDSL signal from the upstream transciever to the downstream transceiver utilizing
a number of sub-channels N to effectuate the reduced data rate R’, where N is intentionally selected to be less
than a maximum number of sub-channels M supported by said digital subscriber loop;
wherein the number of sub—channels N is based on signal processing capability available to the downstreamtransceiver.

. The method of claim 26, wherein the data rate of the system can be increased by processing an additional number
of sub-channels P from the M sub-channels. and where N+P <M.

. The method of claim 26, wherein the upstream transceiver uses discrete multi-tone (DMT) modulation for generat-
ing the M sub-channels.

. The method of claim 26, wherein the reduced data rate R’ can be specified by a user operating the downstreamtransceiver

30. A high speed communications data receiver for communicating through a channel at a data rate X with a upstream
transmitter capable of transmitting a data stream at a rate Y (X<Y), the receiver comprising;

a channel interface circuit for coupling to and receiving saiddata stream; and
an analog front end circuit for data sampling the analog signal and converting it to
a digital signal; and

a processing circuit for extracting selected data from the digital signal, and for generating a transmission con-
trol signal lor causing said upstream transmitter to transmit at a data rate substantially equal to said data rate
X during a data stream transmission; and

wherein data sampling requirements of the analog front end circuit and extracting of the processing circuit are
reduced because data sampling and extracting is only performed for a fractional portion of the data stream.

31. The system of claim 30, wherein the analog front end circuit further includes one or more sub-band filters for filter-
ing the analog data signal to generate the fractional portion of the data stream that requires data sampling and
extracting.

. The system of claim 30, further including a front end transmitting circuit for transmitting thetransmission control sig-
nal from the processing circuit to cause said upstream transceiver to transmit downstream data only at said datarate X.

. The system of claim 32, wherein the control information transmitted to the upstream transceiver includes feedback
information indicating that the maximum downstream data transmission data rate is X. even during times when said
channel is capable of supporting more than said data rate X.

. The system of claim 30, further including a front and transmitting circuit for transmitting an upstream data transmis-
sion using a data rate 2, where Z < Y.

. The system of claim 30, wherein the ratio of X to Y is approximately .5 or less, and this ratio can be increased
through modular additions to the analog front end circuit.

. A high speed communications data receiver for communicating through a channel with an upstream transmitter that
is capable of transmitting a data signal with a particular frame rate T and data rate Y, the receiver comprising:

a channel interface circuit for coupling to and receiving said data signal; and
an analog front end circuit for sampling the data signal and converting it to a digital signal; and
a processing circuit that: (i) is configurable for processing the digital signal at a data rate <=X and using said
frame rate T, where X is determined for such processing circuit prior to initialization of a data transmission and
X < Y/2; fit) generates a transmission control signal for causing said upstream transmitter to transmit at a data
rate no greater than X during a data transmission;

wherein signal processing requirements for the processing circuit are reduced because processing is only per-
formed at a fractional rate of the available data rate of said transmission protocol.
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. The system of claim 36, wherein the control information transmitted to the upstream transceiver includes feedback
information indicating that the maximum downstream data transmission data rate is X, even during times when said
channel is capable of supporting more than said data rate X.

. The system of claim 36, wherein the feedback information including the data rate X can be controlled by a user of
such system.

. The system of claim 36, wherein the ratio of X to Y is approximately .2 or less.

. A high speed communications system for transmitting digital information in a channel capable of supporting a trans-
mission bandwidth F, said system comprising:

an upstream data transceiver capable of modulating the digital information to generate an analog data signal
data transmission using said transmission bandwidth F; and

a downstream data transceiver channel interface circuit for coupling to and receiving said analog data signal
from the upstream data transciever through said channel, the downstream data transceiver including:

(i) a front end receiving circuit for processing the analog data signal and converting it to adigital signal; and
(ii) a processing circuit for demodulating the digital signal. the digital signal including data from a first fre-
quency bandwidth portion f1 of said bandwidth and for generating feedback information indicating to the
upstream transceiver that the bandwidth other than f1 is unsuitable for data transmission; and

(iii) a front end transmitting circuit for transmitting the feedback information using a second frequency
bandwidth portion f2 to cause said upstream transceiver to transmit downstream data only using the first
frequency portion ff.

. The system of claim 40. wherein the ratio of f1 to F is approximately .5 or less, and this ratio can be increased
through modular additions to the front end receiving circuit.

. The system of claim 40, wherein the feedback information contains intentionally altered channel characteristic
information.

. The system of claim 41, wherein the feedbackinformation, including the size and location of first frequency portion
f‘l, can be controlled by a user of such system.

. A high speed communications data receiver for communicating through a channel at a controllable data rate X with
an upstream transmitter capable of transmitting a data signal at a flame rate T, and a data rate Y, where X/Y < 1/2,
the receiver comprising:

a channel interface circuit for coupling to and receiving said analog data signal; and
an analog front end circuit for data sampling the analog signal and converting it to a digital signal; and
a processing circuit for determining said rate X based on processing capabilities available for extracting data
from the digital signal, and for generating a transmission control signal for causing said upstream transmitter
to transmit using said flame rate '1', and a data rate substantially equal to said data rate X during a data trans-
mission.

. The receiver of claim 44, wherein said rate X is determined during a calibration routine.

. The receiver of claim 45, wherein said calibration routine is executed by a host data processor to determine the
capabilities of such processor.

. The receiver of claim 44, wherein said rate X is configurable by a user of such receiver based on performance char-
acteristics of a host processor comprising a portion of the processing circuit.

. The receiver of claim 44, wherein X/Y is approximately .5 or less.

. A method for communicating through a channel with an upstream transmitter that is capable of transmitting a data
signal at a frame rate T, and a data rate Y, the method comprising the steps of:
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receiving said data signal; and
sampling the data signal and converting it to a digital signal; and
processing the digital signal at a data rate <=X and using said frame rate T, where X is determined prior to ini-
tialization of a data transmission and X < Y/2; and

generating a transmission control signal for causing said upstream transmitter to transmit at a data rate no
greater than X during a data transmission. ’

. The method of claim 49, wherein the control information transmitted to the upstream transceiver includes feedback
information indicating that the maximum downstream data transmission data rate is X, even during times when said
channel is capable of supporting more than said data rate X.

. The method of claim 49, wherein the feedback information including the data rate X can be controlled by a user of
such system.

. The method of claim 49, wherein said rate X is determined during a calibration routine,

. The method of claim 49, wherein said rate X is configurable by a user of such receiver based on performance char-
acteristics of a host processor comprising a portion of the processing circuit.

. A method of operating a high speed communications system that is coupled through a channel to an upstream
transceiver operating at a maximum data rate Y using a bandwidth F, said method comprising:

(a) receiving an analog initialization signal having a bandwidth F from the upstream transceiver through the
channel: and

(b) generating a digital signal based on sampling a portion of the analog data transmission signal correspond-
ing to a first frequency bandwidth portion ft, where ft <F; and
(c) processing the digital signal to extract data from the digital signal such that an effective receiving rate X
(where X<Y) is achieved by the system:
(d) generating feedback information pertaining to the channel transmission characteristics indicating to the
upstream transceiver that data rates higher than X should not be used;
(e) thereafter recieving an analog data signal transmitted by the upstream transceiver to have a bandwidth f1;
(f) repeating steps (b) and (c).

. The method of claim 54. further including a step prior to step (a): receiving a control signal from a user of such sys-
tem for determining the effective receiving rate X.

. The method of claim 54, further including a step: determining an optimal bandwidth portion f1 so as to minimize the
amount of processing required to extract the data from the digital signal at the receiving rate X.

. A high speed communications transceiver for communicating with an upstream transceiver transmitting an analog
data transmission signal using M data carrying signals within a bandwidth F through a channel to said system, said
transceiver comprising:

a channel interface circuit for coupling to and receiving said analog data signal from the channel; and
a front end receiving circuit for sampling the analog data signal and generating a digital signal based on such
analog data signal, the digital signal including data from a first frequency bandwidth portion ft of said band-
width F containing N data carrying signals, where N<M; and
a bus interface circuit for transmitting the digital signal to a host processing device; and
wherein the system's performance. including data rate, can be scaled based on modifications to said front end
receiving circuit or said host processing device so that a the sampling of the analog data signal can be
increased, and the first frequency bandwidth portion t1 can also be expanded.

. The system of claim 57, wherein the front end receiving circuit includes a filter for passing the first frequency band-
width portion ft of said bandwidth F; (ii) and an analog to digital converter.

. The system of claim 58, wherein when the modifications include additional bandpass filters for increasing the first
frequency bandwith portion from ft to f2, where F > f2 > ft, the number of data carrying signals is increased from
N to N+P, where P = f2/f'l*N, and N+P< M.
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60. The system of claim 57, wherein the modifications include adding an additional number of front end circuits k in the
system each with a bandpass frequency f1 to result in N*k data carrying signals being included within the digital
signal.

. The system of claim 57, wherein the first frequency bandwidth portion f1 is programmable.

. The system of claim 57, further including a front end transmitting circuit for transmitting control information to cause
said upstream transceiver to transmit downstream data only using the N data carrying signals.

. The system of claim 62. wherein the control information transmitted to the upstream transceiver includes feedback
information from the host processing device indicating to the upstream transceiver that only N of the M data carry-
ing signals are desirable for downstream data transmission, even if said channel is capable of supporting more than
N data carrying signals.

. The system of claim 63, wherein the front end transmitting circuit transmits an upstream data transmission using a
second frequency bandwidth F2 and L upstream data carrying signals. and where L < M.

The system of claim 57, further including a host processor circuit in the host processing device for extracting
selected data from the N data carrying signals.

. The system of claim 65, wherein host processor circuit includes a host microprocessor, a programmable memory
coupled to the microprocessor, and a data extraction routine located in the memory which can be executed by the
microprocessor.

. The system of claim 66, wherein the modifications include upgrading said host processing circuit to include addi-
tional signal processing power for processing an additional number of data carrying signals.

. A method of operating a high speed interface between an upstream transceiver and a host processing device at a
target data rate, said method comprising:

(a) receiving an analog initialization signal having a bandwidth F from the upstream transceiver through a com-
munications channel; and

(b) generating a digital signal based on sampling a portion of the analog initialization signal corresponding to
a first frequency bandpass portion f1;
(c) transmitting the digital signal to said host processing device so that characteristics of data carrying signals
contained within first frequency bandpass portion it can be determined, and a number of such data carrying
signals can be configured for use by said host processing device to achieve said target data rate; and
(e) generating feedback information indicating to the upstream transceiver that bandwidth other than the first
frequency bandpass f1 should not be used for data transmission; and
(f) receiving an analog data transmission signal having a bandwidth f1 from said upstream transceiver; and
(g) generating a digital signal based on sampling the analog data transmission signal; and
(h) transmitting the digital signal to the host processing device so that it can be processed to extract selected
data from the data carrying signals;
(i) when a data rate increase is required, expanding the first frequency bandpass portion f1 and returning to
step (a).

69. The method of claim 68, further including a step of: determining an optimal size and location of first frequency
bandpass portion f1 so as to minimize the amount of processing required by said host processing device to extract
the data from the digital signal.

70. The method of claim 68. wherein the ratio of ft to F is approximately .5 or less. and a data rate of such interface is
controlled by controlling this ratio.

71. The method of claim 68 wherein the analog data transmission is comprised of M modulated subvchannels within
bandwidth F, and the selected data is contained in N of the M sub—channels within first selected frequency band-
pass portion f1, where N < M.

72. The method of claim 68, further including a step: determining an optimal set of N sub—channels so as to minimize
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the amount of processing required to extract the data from the digital signal.

73. The method of claim 68, further including a step wherein protocol information pertaining to standards applicable to
Asymmetric Digital Subscriber Loops is transmitted by the upstream data transceiver so as to set up a ADSL oom-
patible data link.

74. The method of claim 68, wherein during step (i) the tirst frequency bandpass portion ft is increased by the use of
additional bandpass filters for increasing the first frequency bandwith portion from ft to t2. where F > t2 >11, so that
the selected data is received at an increased rate equal to approximately t2/f1.
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FIGURE 3A
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Listing of Claims:

1. — 46. (Cancelled)

47. (Previously Presented) A transceiver capable of transmitting test information

over a communication charmel using multicarrier modulation comprising:

a transmitter portion capable of transmitting a message, wherein the message comprises

one or more data variables that represent the test information, wherein bits in the message are

modulated onto DMT symbols using Quadrature Amplitude Modulation (QAM) with more than

1 bit per subchannel and wherein at least one data variable of the one or more data variables

comprises an array representing frequency domain received idle channel noise information.

48. (Previously Presented) A transceiver capable of receiving test information over a

communication channel using multicarrier modulation comprising:

a receiver portion capable of receiving a message, wherein the message comprises one or

more data variables that represent the test information, wherein bits in the message were

modulated onto DMT symbols using Quadrature Amplitude Modulation (QAM) with more than

1 bit per subchannel and wherein at least one data variable of the one or more data variables

comprises an array representing frequency domain received idle channel noise information.

49. (Previously Presented) In a transceiver capable of transmitting test information

over a communication channel using multicarrier modulation, a method comprising:

transmitting a message, wherein the message comprises one or more data variables that

represent the test information, wherein bits in the message are modulated onto DMT symbols

using Quadrature Amplitude Modulation (QAM) with more than 1 bit per subchannel and

wherein at least one data variable of the one or more data variables comprises an array

representing frequency domain received idle channel noise information.
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50. (Previously Presented) In a transceiver capable of receiving test information over

a communication channel using multicarrier modulation comprising, a method comprising:

receiving a message, wherein the message comprises one or more data variables that

represent the test information, wherein bits in the message were modulated onto DMT symbols

using Quadrature Amplitude Modulation (QAM) with more than 1 bit per subchannel and

wherein at least one data variable of the one or more data variables comprises an array

representing frequency domain received idle channel noise information.

51. (Previously Presented) A non-transitory computer—readable information storage

media having stored thereon instructions that, if executed, cause a transceiver to perform a

method comprising:

transmitting a message, wherein the message comprises one or more data variables that

represent the test information, wherein bits in the message are modulated onto DMT symbols

using Quadrature Amplitude Modulation (QAM) with more than 1 bit per subchannel and

wherein at least one data variable of the one or more data variables comprises an array

representing frequency domain received idle channel noise information.

52. (Currently Amended) A non-transitog computer—readable information storage

media having stored thereon instructions that, if executed, cause a transceiver to perform a

method comprising:

receiving a message, wherein the message comprises one or more data variables that

represent the test information, wherein bits in the message were modulated onto DMT symbols

using Quadrature Amplitude Modulation (QAM) with more than 1 bit per subchannel and

wherein at least one data variable of the one or more data variables comprises an array

representing frequency domain received idle charmel noise information.
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REMARKS

Applicants request reconsideration of this application as amended.

The Examiner is thanked for the indicated allowed claims.

By this amendment, claim 52 has been amended in accordance with the Examiner’s

recommendation thereby placing the application in condition for allowance.

A Notice of Allowance is earnestly solicited.

The Commissioner is hereby authorized to charge to Deposit Account No. 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.

By:
on H. Vick

Registration No. 45,285

1560 Broadway, Suite 1200

Denver, Colorado 80202-5141

(303) 863-9700
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: David M. Krinsky Group Art Unit: 2611

Application No.: 12/477,742 Examiner:

Filed: June 3, 2009 Confirmation No.: 8072

Atty. File No.: 5550-2-CON-2-1

\-/%/%/\é§/g/\/\J
For: MULTICARRIER MODULATION MESSAGING FOR FREQUENCY DOMAIN
RECEIVED IDLE CHANNEL NOISE INFORMATION

SUBMISSION OF SUPPLEMENTAL APPLICATION DATA SHEET

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

Attached herewith is 21 Supplemental Application Data Sheet correcting the typographical

errors in the Domestic Priority Data section and updating the title of the application as previously

amended in the May 13, 2010 Preliminary Amendment. The Filing Receipt dated June 17, 2009

contained the correct Domestic Priority Data information.
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Applicants believe that no fees are duevfor requesting this correction. However, the

Commissioner is hereby authorized to charge any underpayment, or credit any overpayment, to

Deposit Account No. 19-1970, in connection with this request.

Respectfully submitted,

SHERIDAN ROSS P.C.

By:
” on H. Vick

Reg. No. 45,285

1560 Broadway, Suite 1200

Denver, Colorado 80202

Telephone: 303-863-9700

Attorney Docket No.: 5550-2-CON-2-1
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

SUPPLEMENTAL APPLICATION DATA SHEET

Attorney Docket Number 5550-2-CON-2-1
Application Data Sheet 37 CFR 1.76 _ _

Application Number 12/477,742

Title of Invention

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2

|:| Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Applicant Information:
A |icant1

E
--

Residence Information (Select One) © US Residency O Non US Residency O Active US Military Service

Citizenship under 37 CFR1.41(bi US

Mailing Address of Applicant:

Address 1 4 Ayer Road

Address 2

StatelProvince MA

"°s*a' °°°'e

Applicant 2

Applicant Authority @|nventor 1 OLega| Representative under 35 U.S.C. 117 |OParty of Interest under 35 U.S.C. 118
Prefix Given Name Middle Name Family Name

Edmund Pizzano

Residence Information (Select One) @ US Residency 0 Non US Residency 0 Active US Military Service

City | Stoneham State/Province | MA | Country of Residence Us
Citizenship under 37 CFR1.41(b) Us

Mailing Address of Applicant:
Address 1 5 Bow Street Court

Address 2

City Stoneham StatelProvince

Postal Code Us
All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR1.33(a).

An Address is being provided for the correspondence Information of this application.
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. . Attemev Deeket Number
Application Data Sheet 37 CFR 1.76 _ _

Aeeieeeeee Number

Title of Invention Z l dulation Messain For Freuenc Domain Received I

Customer Number

Email Address sr|aw@sheridanross.com

Apphcauon lnforrnaflon: Multicarrier Modulation Messaging For Freguency Domain Received Idle Channel Noise Information....-.. -- -- .. . ._. .- - _. - --_ -_ _nu. — —p VU'I’BIU euv vvv
Title of the Invention

Attorney Docket Number 5550-2-CON-2-1 Small Entity Status Claimed D

Aee"eeeienTvee
eeeieeemeeer
Suggested Class (if any) Sub Class (ifany)
Suggested Technology Center (if any)

Total Number of Drawing Sheets (if any) Suggested Figure for Publication (if any) |
Publication Information:

D Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request N011 t0 Publish. I hereby request that the attached application not be published under 35 U.S.
C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the subject of
an application filed in another country, or under a multilateral international agreement, that requires publication at
eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).
Enter either Customer Number or complete the Representative Name section below. If both sections
are completed the Customer Number will be used for the Representative Information during processing.

Please Select One: @ Customer Number O US Patent Practitioner 0 Limited Recognition (37 CFR 11.9)

Customer Number

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c) or indicate National Stage
entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference required by
35 U.S.C. 119(e) or 120, and 37 CFR 1.78(a)(2) or CFR 1.78(a)(4), and need not otherwise be made part of the specification.

Prior Application Status Pending

Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)

Continuation of 10619691 2099-96-62 2003-07-16

Prior Application Status Patented
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. . Attemev Deeket Number
Application Data Sheet 37 CFR 1.76 _ _

Aeeieeeee Number

Title of l”V9”tl0” Mlticrieulation Msaing FrFrequenyomain Received Idle

Application Prior Application Filing Date
Number Number (YYYY-MM-DD) Pate” N“"‘be' (WYY-MM-DD)

10619691 09755173 2001-01-08 6658052 2003-12-02

SUPPLEMENTAL APPLICATION DATA SHEET

Continuity Type

Prior Application Status Expired

Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)

09755173 non provisional of 60224308 2000-08-10

Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)

Mm
Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim benefit of foreign priority and to identify any prior foreign application for which priority is
not claimed. Providing this information in the application data sheet constitutes the claim for priority as required by 35 U.S.C. 119(b)
and 37 CFR 1.55(a).

Application Number Parent Filing Date (YYYY-MM-DD) Priority Claimed

Additional Foreign Priority Data may be generated within this form by selecting the
Add button.

Assignee Information:
Providing this information in the application data sheet does not substitute for compliance with any requirement of part 3 of Title 37
of the CFR to have an assignment recorded in the Office.

Assi - nee 1

If the Assignee is an Organization check here.

Oeeeeizetlee Neme
Mailing Address Information:

Address 1 40 Middlesex Turnpike

Address 2

——
 

Additional Assignee Data may be generated within this form by selecting the Add
button.

Signature:

A signature of the applicant or representative is required in accordance with 37 CFR 1.33 and 10.18. Please see 37
CFR 1.4(d) for the form of the signature.
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Signature /Jason H.Vick/ Date (YYYY-MM-DD) 2010-06-09

Re9istra“°"NUmber 45285

This collection of information is required by 37 CFR 1.76. 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 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

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

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

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

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

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

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

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

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security
review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(0)).

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

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

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

Application No. App|icant(s)

‘I2/477,742 KRINSKY ET AL.

Examiner Art Unit

KHANH C. TRAN 2611

- The MAILING DA TE 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 Q MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.
— Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event. however. may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
— If NO period for reply is specified above. the maximum statutory period will apply and will expire SIX (5) MONTHS from the mailing date of this communication.
— Failure to reply within the set or extended period for reply will. by statute. cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication. even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)|X| Responsive to communication(s) filed on 03 June 2009.

2a)I:I This action is FINAL. 2b)IXI This action is non-final.

3)I:I Since this application is in condition for allowance except for formal matters, prosecution as to the merits is

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)IZ C|aim(s)i is/are pending in the application.

4a) Of the above c|aim(s) is/are withdrawn from consideration.

5)E C|aim(s)i is/are allowed.

6)XI C|aim(s) 5_2 is/are rejected.

7)I:I C|aim(s)j is/are objected to.

8)I:I C|aim(s)jare subject to restriction and/or election requirement.

Application Papers

9)I:I The specification is objected to by the Examiner.

10)IZ The drawing(s) filed on 6/3/2009 is/are: a)IZ accepted or b)I:I 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).

Replacementdrawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

11)I:I The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)I:I Acknowledgment is made ofa claim for foreign priority under 35 U.S.C. § 119(a)-(d) or ( ).

a)|:| All b)I:I Some * c)I:I None of:

Certified copies ofthe priority documents have been received.

Certified copies ofthe priority documents have been received in Application No.

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) E Notice of References Cited (PTO-892)
2) El Notice of Draftsperson’s Patent Drawing Review (PTO—948)
3) E Information Disclosure Statement(s) (PTO/SB/08) 5)

Paper No(s)/Mail Date .

4) El Interview Summary (PTO-413)
Paper No(s)/Mail Date.

I:I Notice of Informal Patent Application
6) |:| Other: .

U.S. Patent and Trademark Office

PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20100603
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Application/Control Number: 12/477,742

Art Unit: 2611

DETAILED ACTION

1. The Preliminary Amendment filed on 5/13/2010 has been entered. Claims 47-

52 are still pending in this Office action.

Claim Rejections - 35 USC § 101

35 U.S.C. 101 reads as follows:

Whoever invents or discovers any new and useful process, machine, manufacture, or composition of
matter, or any new and useful improvement thereof, may obtain a patent therefor, subject to the
conditions and requirements of this title.

2. Claim 52 is rejected under 35 U.S.C. 101 because the claimed invention is

directed to non-statutory subject matter. Claim is recited to a computer-readable

information storage media. Since the original disclosure is silent about the claimed

subject matter, the recited subject matter “computer-readable information storage

media” could be interpreted as broadly as their terms reasonably allow. In view of that,

the broadest reasonable interpretation of a claim drawn to computer-readable

information storage media typically covers forms of non-transitory tangible media and

transitory Qrogagating signals Q9!‘ se in view of the ordinary and customary meaning

of computer readable information storage media. Therefore, the recited claimed subject

matter is directed to non-statutory subject matter.

Examiner’s Suggestion: The subject matter “computer—readable information

storage media” should be changed to “non-transitory computer-readable information

storage media" to overcome 35 U.S.C 101 rejection.
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Application/Control Number: 12/477,742

Art Unit: 2611

Allowable Subject Matter

3. Claim 47-51 are allowed.

Conclusion

4. The prior art made of record and not relied upon is considered pertinent to

applicant's disclosure.

Liang et al. U.S. Patent 6,445,773 B1.

Chow U.S. Patent 6,249,543 B1.

5. Any inquiry concerning this communication or earlier communications from the

examiner should be directed to KHANH C. TRAN whose telephone number is (571)272-

3007. The examiner can normally be reached on Monday — Friday from 08:00 AM -

05:00 PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Shuwang Liu can be reached on 571-272-3036. The fax phone number for

the organization where this application or proceeding is assigned is 571-273-8300.
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Application/Control Number: 12/477,742 Page 4

Art Unit: 2611

Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http://pair—direct.uspto.gov. Should

you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toIl—free). If you would like assistance from a

USPTO Customer Service Representative or access to the automated information

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

/KHANH C. TRAN/

Primary Examiner, Art Unit 2611
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12/477742 KRINSKY ET AL.
Examiner Art Unit

KHANH C. TRAN 2611 Page1 °f1
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Document Number Date , , ,
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06-2001 Chow, Jacky 8. 375/219

Notice of References Cited

Document Number
Country Code—Number—Kind Code

‘A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
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U.S. Patent and Trademark Office

PTO—892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20100603
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: David M. Krinsky Group Art Unit: 2611

Application No.: 12/477,742 Examiner:

Filed: June 3, 2009 Confirmation No.: 8072

Atty. File No.: 5550—2—CON-2-1
\/\/\/g/g/xaxaé

For: MULTICARRIER MODULATION MESSAGING FOR FREQUENCY DOMAIN

RECEIVED IDLE CHANNEL NOISE INFORMATION (As Amended)

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.

Attorney Docket No.: 5550-2-CON-2-1
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AMENDMENTS TO THE SPECIFICATION

Please change the title to read as follows:

MULTICARRIER MODULATION MESSAGING FOR FREQUENCY DOMAIN RECEIVED

IDLE CHANNEL NOISE INFORMATION

Attorney Docket No.: 5550-2-CON-2-1
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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. — 46. (Cancelled)

47. (New) A transceiver capable of transmitting test information over a

communication channel using multicarrier modulation comprising:

a transmitter portion capable of transmitting a message, wherein the message comprises

one or more data variables that represent the test information, wherein bits in the message are

modulated onto DMT symbols using Quadrature Amplitude Modulation (QAM) with more than

1 bit per subchannel and wherein at least one data variable of the one or more data variables

comprises an array representing frequency domain received idle channel noise information.

48. (New) A transceiver capable of receiving test information over a communication

charmel using multicarrier modulation comprising:

a receiver portion capable of receiving a message, wherein the message comprises one or

more data variables that represent the test information, wherein bits in the message were

modulated onto DMT symbols using Quadrature Amplitude Modulation (QAM) with more than

1 bit per subchannel and wherein at least one data variable of the one or more data variables

comprises an array representing frequency domain received idle channel noise information.

49. (New) In a transceiver capable of transmitting test information over a

communication charmel using multicarrier modulation, a method comprising:

transmitting a message, wherein the message comprises one or more data variables that

represent the test information, wherein bits in the message are modulated onto DMT symbols

using Quadrature Amplitude Modulation (QAM) with more than 1 bit per subchannel and

wherein at least one data variable of the one or more data variables comprises an array

representing frequency domain received idle channel noise information.

Attorney Docket No.: 5550-2-CON-2-1
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50. (New) In a transceiver capable of receiving test information over a

communication channel using multicarrier modulation comprising, a method comprising:

receiving a message, wherein the message comprises one or more data variables that

represent the test information, wherein bits in the message were modulated onto DMT symbols

using Quadrature Amplitude Modulation (QAM) with more than 1 bit per subcharmel and

wherein at least one data variable of the one or more data variables comprises an array

representing frequency domain received idle channel noise information.

51. (New) A non-transitory computer-readable information storage media having

stored thereon instructions that, if executed, cause a transceiver to perform a method comprising:

transmitting a message, wherein the message comprises one or more data variables that

represent the test information, wherein bits in the message are modulated onto DMT symbols

using Quadrature Amplitude Modulation (QAM) with more than 1 bit per subchannel and

wherein at least one data variable of the one or more data variables comprises an array

representing frequency domain received idle channel noise information.

52. (New) A computer-readable information storage media having stored thereon

instructions that, if executed, cause a transceiver to perform a method comprising:

receiving a message, wherein the message comprises one or more data variables that

represent the test information, wherein bits in the message were modulated onto DMT symbols

using Quadrature Amplitude Modulation (QAM) with more than 1 bit per subchannel and

wherein at least one data variable of the one or more data variables comprises an array

representing frequency domain received idle charmel noise information.

Attorney Docket No.: 5550-2-CON-2-1
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REMARKS/ARGUMENTS

By this amendment, claim 1-46 have been cancelled without prejudice or disclaimer in

favor of the newly presented claims 47-52 that are directed toward more specific aspects of the

invention.

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.

n . ick

Registration No. 45,285

1560 Broadway, Suite 1200

Denver, Colorado 80202-5141

Date: ('5 Mn 7 ’/d (303) 863-9700

Attorney Docket No.: 5550-2-CON-2-1
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Description

FIELD OF THE INVENTION

The invention relates generally to an improved high-speed communications system which establishes a data link
using only a selectable portion of the total available bandwidth of a channel. The present invention has particular appli-
cability to systems which use rate adaptable techniques such as the discrete multi-tone modulation (DMT) technique
and CAP for transmitting data in Digital Subscriber Lines and similar environments. By limiting the data throughput of
the link to some adjustable fraction of the total available data rate, the present invention significantly reduces hardware
costs and allows a downstream user to configure a data link whose performance is directly controllable by the process-
ing power available to such user. In this manner, the system is completely forward compatible and expandable in func-
tionality, and permits a user to increase throughput to the point of achieving full potential of the available channel
bandwidth .

BACKGROUND OF THE INVENTION

Remote access and retrieval of data and information are becoming more desirable and common in both consumer
and business environments. As data and information transfer is becoming more and more voluminous and complex,
using traditional data links such as voice-band modems is too slow in speed. For example, the use of the Internet to
locate and access information is increasing daily, but the retrieval of typical graphics, video, audio, and other complex
data forms is generally unsatisfyingly slow using conventional voice-band modems. In fact, the slow rate of existing dial-
up analog modems frustrates users, and commerce and interaction using the Internet would have been even higher
were it not for the unacceptable delays associated with present day access technology. The ability to provide such
desired services as video on demand, television (including HDTV, video catalogs, remote CD-ROMs, high-speed LAN
access, electronic library viewing, etc., are similarly impeded by the lack of high speed connections.

Since the alternatives to copper line technology have proven unsatisfactory, solutions to the high speed access
problem have been focused on improving the performance of voice band modems. Voice band modems operate at the
subscriber premises end over a 3 kHz voice band lines and transmit signals through the core switching network, the
phone company network treats them exactly like voice signals. These modems presently transmit up to 33.6 kbps over
a 2-wire telephone line, even though the practical speed only twenty years ago was 1.2 kbps. The improvement in voice
band modems over the past 20 years has resulted from significant advances in algorithms, digital signal processing,
and semiconductor technology. Because such modems are limited to voice bandwidth (3.0 kHz), the rate is bound by
the Shannon limit, around 30 kbps. A \I.34 modem, for example, achieves 10 bits per Hertz of bandwidth, a figure that
approaches the theoretical Shannon limits.

There is a considerable amount of bandwidth available in copper lines, however, that has gone unused by voice
band modems, and this is why a proposal known as Asymmetric Digital Subscriber Line (ADSL) was suggested in the
industry as a high-speed protocol/connection alternative. The practical limits on data rate in conventional telephone line
lengths (of 24 gauge twisted pair) vary from 1.544 Mbps for an 18,000 foot connection, to 51.840 Mbps for a 1,000 foot
connection. Since a large proportion of current telephone subscribers fall within the 18,000 foot coverage range, ADSL
can make the current copper wire act like a much "bigger pipe" for sending computer bits and digital information (like
movies and TV channels), while still carrying the voice traffic. For example, an ADSL modem can carry information 200
times faster than the typical voice band modem used today.

ADSL is "asymmetric" in that more data goes downstream (to the subscriber) than upstream (back from the sub-
scriber). The reason for this is a combination of cost, demand, and performance. For example, twisted pair wiring cou-
pling increases with the frequency of the signal. It symmetric signals in many pairs are used within a cable, the data rate
and line length become significantly limited by the coupling noise. Since the preponderance of target applications for
digital subscriber services is asymmetric, asymmetric bit rate is not perceived to be a serious limitation at this time.
Therefore, the ADSL standard proposes up to 6 Mbps for downstream, and up to 640 kbps for upstream. For example,
video on demand, home shopping, Internet access, remote LAN access, multimedia access, and specialized PC serv-
ices all feature high data rate demands downstream, to the subscriber, but relatively low data rates demands upstream.
The principal advantage is that all of the high speed data operations take place in a frequency band above the voice
band, leaving Plain Old Telephone Service (POTS) service independent and undisturbed, even if an ADSL modem fails.
ADSL further provides an economical solution for transmission of high bandwidth information over existing copper line
infrastructures.

Specifically, the proposed standard for ADSL divides the available transmission bandwidth into two parts. At the
lower 4 kHz band, ordinary (POTS) is provided. The bulk of the rest bandwidth in the range from 4 kHz to about 1 MHz
is for data transmission in the downstream direction, which is defined to be from the exchange to the subscriber. The
upstream control channel uses a 160 kHz band in between. The signals in each channel can be extracted with an
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appropriate band -pass filter.
A DMT implementation of ADSL uses the entire available 1 MHz range of a copper phone line. It merely splits the

signal into 255 separate channels, and each 4 kHz channel can be made to provide a bit rate up to the best present day
voice band (33.6 kbs) modems. This results essentially in overall performance which is equivalent to around two hun-
dred V.34 modems used in parallel on the same line. Because each channel can be configured to a different bit rate
according to the channel characteristics, it can be seen that DMT is inherently "rate-adaptive" and extremelyflexible for
interfacing with different subscriber equipment and line conditions.

A number of problems arise, however, in attempting to implement a full scale ADSL transceiver cost-effectively.
First, to achieve this high bit rate transmission over existing telephone subscriber loops, advanced analog front end

(AFE) devices, complicated digital signal processing techniques, and high speed complex digital designs are required.
As a result, this pushes current technology limits and imposes both high cost and power consumption. For example,
AFE devices in modem applications provide the interface between analog wave forms and digital samples for digital
hardware/software processing. In high speed modern technologies such as ADSL, AFE devices need to operate at a
very high sampling rate and high accuracy. For example, the DMT technology has a spectrum of 1 MHz and requires
sampling above 50 MHz if a sigma-delta analog-to-digital (ADC) method is used. This thus requires the state-of-art
ADC technology and imposes a high cost for end users.

Second, the time domain signal in ADSL/DMT transmissions is a summation of a large number of carriers modu-
lated by quadrature amplitude modulation (QAM). This typically results in a large peak-to-peak deviation. As a result,
even though a high speed AFE is made possible, a large dynamic range and high resolution AFE is required at the
same time to minimize quantization errors.

Third, in addition to the high sampling rate and resolution requirement for ADSL AFEs, the other hardware and soft-
ware in ADSL environment also needs to operate at a much higher speed than current conventional modem counter-
parts. For example, to implement the DMT technology in software, a custom and dedicated digital signal process (DSP)
of a power of several hundred MIPS (millions instructions per second) is required to process many components such
as error encoding and decoding, spectrum transforms, timing synchronization, etc. As with the AFE part of the system,
this high speed requirement for the signal processing portion of ADSL also results in less flexible, high component
costs.

Fourth, requiring a communications device (such as a modem) to fully supp on the total throughput of a standard
such as ADSL may be inefficient in some cases, since many prospective users of high-speed data links may not need
to use all the available bandwidth provided by such standards. It is generally more preferable therefore to permit users
to throttle or scale the data throughput in a manner they can control, based on their particular application needs, hard-
ware cost budget, etc. For example, a full-scale ADSL system may have the performance level of 200 times conven-
tional \/.34 modems, but it is apparent that even a performance improvement of 10 - 20 times than present day available
analog modems would be sufficient for many consumer applications, such as Internet access and similar uses. Thus,
unlike conventional analog modems, which are available in various speeds varying generally from 14.4 to 56 Kbps,
there are no known ADSL modems which offer scalable performance levels to users.

Fifth, in addition to the implementation challenge, the T1 E1.4 ADSL standard does not specify the system interface
and user model. Although various high level interface to support T1 /E1, ATM, etc. have been described, system inte-
gration with high level protocols such as TCP/IP and interface with corrputer operating systems have not yet been
defined. As a result, there is uncertainty how existing and future modem-based applications can work with the ADSL
technology. For example, when users run an Internet application which sends and receives data to and from an Internet
service provider (ISP), a mutually agreed protocol is required to set up a call and transfer data. Possible protocols avail-
able at various levels include ATM (asynchronous transfer mode), TCP/IP, ISDN, and current modem AT commands.
Either one of these or a possibly new protocol needs to be defined to facilitate the adoption of ADSL technology.

SUMMARY OF THE INVENTION

An object of the present invention therefore is to provide a communications system which is fully compatible with
high speed, rate adaptable protocols such as are used with ADSL, but which system is nevertheless implementable
with simpler analog font end receiving/transmitting circuitry and is thus reduced in cost and complexity;

A further object of the present invention is to provide a communications system which is fully compatible with high
speed, rate adaptable modulation protocols such as used with ADSL, but which system is nevertheless implementable
with simpler digital signal processing circuitry and is thus reduced in cost and complexity;

Another objective of the present invention is to provide a method for transmitting data within a fractional, desirable
portion of available bandwidth in a channel by modulating only a limited number of desirable sub-channel data carriers,
so that a high speed data link can be achieved that is faster, and has reduced computation and hardware demands;

Yet a further objective of the present invention is to provide a communications system with smaller peak-to-peak
deviation in the sub-channels signals, so as to reduce the dynamic range required for the front end ADC, and to mini-
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mize quantization errors.
Another objective of the present invention is to provide a high speed communications system having a data

throughput that is easily controllable and expandable, so that the performance range of such system can be configured
to any fractional percentage of total bandwidth available in a transmission channel. up to and including full bandwidth
use of the channel;

A related objective of the present invention is to provide a h igh speed communications system that is modular so
that forward compatible and expandable functionality can be incorporated flexibly and with a minimum of effort on the
part of a user of such system;

Yet a further objective is to provide a system that is compatible with high speed protocols used in ADSL, but which
is also easily adaptable to support preexisting high level data protocols, including those presently used for controlling
high speed voice band modems;

A further object of the present invention is to provide a high speed communications system that self-calibrates its
own performance level, based on the processing power available to such system;

Another objective of the present invention is to provide a high speed communications system that permits a user to
configure the performance parameters of such system using conventional personal computer hardware, software and
operating systems;

A further object of the present invention is to provide an interface between a host operating system and a high
speed communications system that provide fonlvard compatible and expandable functionality;

An additional aim of the present invention is to provide an improved system for concurrent control of conventional
voice data traffic on a POTS channel, and upstreamldownstream communications on separate sub-channels;

These objects and others are accomplished by providing a communications system that permits a host processing
device to receive selected data within a narrow bandwidth from an upstream transciever which can and normally trans-
mits a large bandwidth analog data transmission signal through a connected channel. A channel interface circuit AFE
samples the received analog signal to generate a digital signal. Only a limited portion of the bandwidth may be sampled,
thus reducing front end complexity. A digital signal processing circuit then extracts the selected data from this limited
digital signal, which is significantly easier to process than a full bandwidth digital signal. Feedback information is pro-
vided back to the upstream transmitter which causes the upstream transmitter to transmit downstream data thereafter
only using the limited bandwidth of the front end, and not the full bandwidth. This feedback information contains infor-
mation about the channel that suggests to the upstream transmitter that the other bandwidth in the channel is unusable.
In this manner, the upstream transceiver is trained to accommodate the lower rate downstream transceiver in a manner
that nevertheless preserves protocol integrity.

In a preferred embodiment, the large bandwidth analog data transmission signal is comprised of a number of DMT
modulated sub-channels, and an anti- aliasing filter on the front end of the the downstream transceiver ensures that
only a limited number of such sub-channels are processed by a DMT signal processing core. The feedback information
consists of non-zero SNR information for the selected sub-channels, and a sub-channel blackout "mask“ to eliminate
the potential use of other sub-channels. The feedback information is sent by way of a front end transmitting circuit which
transmits an upstream data transmission using a second frequency range different from the downstream transmission.

One implementation of the aforementioned high speed system is in a personal computer, so that the signal
processing can be accomplished using a processor within such computer, which in a preferred embodiment is an X86
compatible processor. Another implementation of the aforementioned high speed system uses a dedicated signal proc-
essor for demodulating the selected sub-channels. This cuts down on processing overhead requirements for a host
processing system incorporating the system. In such implementations the portion of the downstream data transmission
to be processed for data extraction can be configured by a user of such systems, or alternatively, it can be dynamically
determined based on an evaluation by the digital signal processing circuit of performance characteristics of different
portions of the frequency spectrum within the bandwidth potential of the upstream transceiver.

In another variation, the data rate of a system such as described above can be increased by processing data from
an additional second limited frequency bandwidth portion of the total available downstream bandwidth. In a preferred
embodiment, this can be done by including a number of anti- aliasing filters in a modular bank as part of the analog front
end section, each of which passes a different frequency bandwidth portion. By making the analog front end modular,
the data rate of the overall system can be scaled in a controllable and cost-effective fashion. At the same time, each
analog front end portion can be operated at a slower sampling clock and smaller dynamic range. This results in a more
relaxed speed requirement and smaller quantization noise at a given number of bits per sample.

The present disclosure also includes an interface to an operating system, to facilitate controlling the high speed
communications system when it is incorporated in a personal computer system. This interface ensures that the operat-
ing system treats such communications system essentially the same as other prior art voice band modems, and in a
preferred embodiment, is a device driver for the Windows NT operating shell. Finally, the present disclosure also
describes an applications program which permits a user of a personal computer to control the performance character-
istics of the high speed communications system by setting certain system parameters when such system is incorpo-
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rated in a personal computer system. This program includes an auto calibration routine for setting such system
parameters, or alternatively a user of such program can tailor the settings subject to confirmation of the efficacy of such
settings based on an evaluation of the processing power available to such user.

Although the inventions are described below in a preferred embodiment implementing the ADSL standard, it will be
apparent to those skilled in the art the present invention would be beneficially used in any high speed rate-adaptable
applications.

It should be noted that while some prior art devices also have limited mechanisms for achieving a reduction of nom-
inal or peak transmission speed in a channel, they only activate or implement such mechanisms as a fallback response
to a failure in the channel, or because of a transmission rate reduction in the upstream transceiver. Unlike the present
invention, such prior art modems, during an initialization process, attempt to establish the highest possible transmission
rate achievable by the channel and the upstream transciever. In other words, any rate reduction imposed by the down-
stream modem is typically considered an unintended and undesirable side effect of bad channel characteristics, and
not a desirable and intentional design target as set forth in the present invention. In addition, the data rate reduction in
such modems is accomplished primarily by varying the number of bits per baud (hertz) at a fixed frequency, and nor by
controlling the overall frequency spectrum of the downstream data transmission. Moreover, in such prior art systems,
no effort is made to measure, identify or use an optimal portion of the usable bandwidth or set of transmission sub-
channels. Instead, such prior art systems typically use whatever available bandwidth or sub-channels happen to be
usable at that instant in time.

Similarly, while a fixed 300 baud rate downstream modem can work with an upstream 33kbs rate modem this
arrangement is also unlike the present invention. This is because, again, the bandwidth reduction in such prior art
device is so large that it is considered commercially unusable by today's standards. Furthermore, the smaller bandwidth
modem is not compatible with, and does not support, the higher protocols of the higher bandwidth modem, which is also
undesirable from an implementation standpoint. Stated another way, unlike the present invention, the lower end modem
limitations of prior art system force the data link to be set up using a low level protocol that does not take advantage of
the full capabilities of more advanced protocols.

Finally, there is no mechanism for users of either of the prior art systems noted above to expand the functionality
of such modems in a controlled, flexible, and modular manner.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a pictorial depiction of the ADSL/DMT bandwidth allocation for upstream and downstream data in a
channel based on frequency division multiplexing (FDM) configuration.
Figure 1B shows the relationship between a sub -band filter and an analog to digital converter that can be used in
an analog front end (AFE) of the present irwention ;
Figure 1C is a pictorial depiction of a SNR curve for a typical subscriber loop channel using sub-channel modula-
tion;
Figures 1D - 1G are mathematical modellings and charts that further explain the underlying physical premises of
the present invention based on DMT ;
Figure 2 is a block diagram of a general implementation of a communications system employing the present inven-
tion, adapted for use in an ADSL environment ;
Figure 3A is a block diagram of a dedicated hardware implementafion of a communications system employing the
present invention, also adapted for use in an ADSL environment;
Figure 3B is a block diagram of a mixed hardware an d software based implementation of a communications sys-
tem employing the present invention, also adapted for use in an ADSL environment;
Figure 4 is a block diagram depicting the general structure of the data pump device driver used in the mixed imple-
mentation shown in Fig. 3;
Figure 5 is a flowchart depicting the general operation of the control and application interface used in the mixed
implementation shown in Fig. 3 ;
Figure 6 is a block diagram of an implementation of a communications system employing the present invention,
also adapted for use in an ADSL environment, in which it is depicted how a user can modularly expand throughput
capability by adding additional AFE stages to process a greater percentage of the available bandwidth in the chan-
nel.

DETAILED DESCRIPTION OF THE INVENTION

While some of the concepts set forth immediately below are well-known, a brief explanation of ADSL technology is
provided with reference to Figure 1 to facilitate an understanding of the present invention. As explained above, it is well-
known in the art to use DMT to effectuate the ADSL standard. In contrast to most modulation schemes, such as AM/FM
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transmissions that use one carrier, DMT uses multiple carriers to transmit data bits. Specifically, T1 E1 .4 ADSL stand-
ards specify an up to 255 channels for downstream transmission from the central office to subscribers and up to 31
channels for upstream transmission from subscribers to the central office. As shown in Figure 1, each carrier has a
bandwidth of 4.3125 kHz. The total bandwidth is 1.1 MHz for a total of 255 channels. In the upstream direction, a "pilot"
tone in the approximate range of 69 kHz, is used for maintaining timing synchronization. A similar pilot tone is transmit-
ted in the downstream direction in the vicinity of 276 kHz.

Since upstream and downstream transmissions are over the same 2-pair twisted wire, they need to be separated
by either echo cancellation (EC) or frequency division multiplexing (FDM). Echo cancellation allows simultaneous trans-
missions in both directions but requires a complex echo canceler implementation. On the other hand, FDM uses two
different frequency bands for separate downstream and upstream transmissions. As shown in Figure 1, the upstream
transmission uses subchannels from channel number 6 to S1, and the downstream transmission uses subchannels
from channel number 41 to 255. While the remainder of the discussion below focuses on an system employing FDM, it
will be appreciated by those skilled in the art that the present invention is adaptable and can be used beneficially with
echo-cancellation approaches as well.

As with most communication environments, the transmission bit rates for both upstream and downstream commu-
nications in ADSL are not fixed but instead are determined by the quality of the channel. In the present invention, a
number of well-known techniques can be used advantageously for setting up the initial data link. In general, these tech-
niques work as follows: during initialization, the channel quality is measured and a certain data rate (typically a number
of bits) is assigned for each DMT subchannel; thereafter, a "hand-shaking" process is used to dynamically and adap-
tively change the bit loadings (and energy levels). The latter is often necessary because (among other things) changes
may occur in the overall channel characteristics, changes in the target bit rate may be needed, or new bit distributions
in the sub-channels may be required because of degradations in one of the sub-channels.

The quality of the sub-channel response can be measured by the received signal to noise (SN Fl) ratio. According
to the Shannon theorem, the upper limit of the number of bits per unit Hz that can be transmitted is |og2(1+SNR). There-
fore, by measuring the received SNR at the receiver end, one can determine the number of bits allocated for each
subchannel modulation. The total data throughput race achieved by the system, therefore, is sirrply the sum of all the
data rates of all the usable subchannels.

According to the T1 E1.4 ADSL standards, data bits are grouped and processed every 250 psec. The number of
bits that can be processed over one such time frame is the summation of the bits allocated for each subcharnel deter-
mined from the previous channel response measurement. For a given number of bits assigned to a certain subchannel,
quadrature amplitude modulation (QAM) is used to convert bits to a complex value, which is then modulated by the
subchannel carrier at the corresponding frequency.

The above is a merely a brief summary of the general operation of a typical DMT/ADSL communications system.
The general circuits used in prior art ADSL systems, the specifics of the bit/energy loading process for the sub-chan-
nels, the bit fine tuning process, and the details of the modulation of the sub-channels, are well-known in the art, and
will not be discussed at length herein except where such structures or procedures have been modified in accordance
with the teachings herein.

The full downstream data throughput of a typical p rior art ADSL standard transceiver approaches 6 Mbps, which
is more than 200 times the speed of conventional analog modem technology. This requirement was imposed since a
large part of the initial motivation to implement ADSL was to achieve high speed multimedia communications and video
teleconferencing. Nevertheless, a large number of potential users do not want or need to have such wide bandwidth
capability. For example, many potential users of ADSL (or similar high speed loops), including many who are intending
to use such links primarily for Internet access, only need to achieve downstream transmission speeds that are in the
hundreds of kilobits per second range. This data rate is in fact achievable using only a fraction of the available band-
width of ADSL. By processing only a fraction of the available bandwidth of the ADSL standard, the present invention
permits a limited but extremely useful ADSL modem to be implemented with significantly less expense and complexity
than previously possible. At the same time, because the present invention has modular characteristics, the proposed
implementation of the present invention affords users an easy path to forward and upward expansion of the overall func-
tionality of their system.

The principle behind this aspect of the present invention is as follows: As shown in Fig. 1B, if the transmission in
the channel is restricted to a smaller bandwidth by an anti-aliasing filter 80, according to the Nyquist sampling theorem,
the sampling rate of AFE devices (such as ADC 81) that perform analog to digital conversion can be significantly
reduced. Specifically, if the total downstream bandwidth is limited to some fractional total B Hz (in a preferred embodi-
ment using DMT in an ADSL environment, B = 20 DMT channels or about 86 kHz) as shown below, we can limit the
Nyquist sampling rate to around 180 kHz. This is achievable with ADCs having greatly simplified hardware and reduced
performance requirements, in contrast to the full ADSL bandwidth approach, which processes 200 DMT channels or
900 kHz in the case of full ADSL implementation.

The total accumulated bit race of an ADSL communications system using the present invention can be calculated
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as follows. Suppose a total number of ksubchannels (out of a total of M possible) are to be supported and each channel
is allocated bk bits for transmission. The total accumulated bit rate (R) is:

R = ( 2i=1_K b i) * 4 kHz (bits/sec)

where 4 kHz is the framing race defined by T1 E1 .4 ADSL standards. If k=2O channels and the average number of bits
per channel is 6, then total bit rate (R) is approximately 480 kbits/sec. It can be seen that this fractional use of the ADSL
bandwidth nevertheless provides about 9 times the performance of a conventional analog 56 kbits/sec digital modem.
The benefits of this approach of the present invention are apparent. The overall performance and cost of a high speed
communications system can be scaled and controlled in direct relationship to the particular needs of particular users.
In general, the data rate supportable by (and the relative cost of) any particular implementation of the present invention
is generally determined by two factors: (1) the capacity of the AFE; and (2) the capacity of the hardware performing the
DMT

The capacity of an AFE is generally measured by the maximum sampling speed it can achieve. As explained
above, the sampling speed in turn determines the upper limit of the frequency band B (in kHz) that can be obtained. At
the defined channel separation of 4.3125 kHz for ADSL, the total number of subchannels that can be supported is less
than or equal to B/4.1325. A suitable ADC can be selected, therefore, based on the particular data rate and cost
requirements of any particular user.

The other factor that limi ts the number of subchannels (and achievable data rate) is the processing power available
for DMT modulation and demodulation routines. For example, a variety of performance levels (achievable data rates)
are possible with well-known dedicated signal processing hardware, such as digital signal processors, as discussed in
more detail below with reference to Figure 2. Alternatively, as shown in Figure 3, if such routines are implemented pri-
marily by software and run by a host CPU, the required processing power (MIPS) generally increases directly as func-
tion of the number of subchannels that need to be processed. This is because, in general, most of the processings are
done in serial, or a channel by channel basis. As discussed below in more detail, the present im/ention makes use of a
"calibration" routine for estimating the total available processing power of a users computing system in order to set an
upper limit of the total subchannels that can be supported.

Irrespective of the selection of the particu lar AFE or signal processing technique used, however, another useful
(but not essential) aspect of the present invention is that the sub-channels with the largest signal to noise ratio (SNR)
within the passband are selected for data transmission. In other words, in the preferred embodiment of the present
invention, those k subchannels within the passband that support the largest number of bits are used for processing. As
seen in Fig. 1C, for example, a standard two-are subscriber line typically has a SNFl curve that exhibits extensive atten-
uation with higher frequencies. It can be seen roughly in this figure that while there are more than 200 sub-channels
provided for downstream transmission in ADSL. it is typically the case that 50% of the maximum data rate can be
accomplished using only a much smaller percentage (than 50%) of the sub-channels. This fact is especially useful in
considering some of the shared/ multi-channel bandwidth embodiments discussed further below.

The present invention, therefore, permits an implementation for a high speed data communications system that
makes use of the best portion of the channel, while still being upwardly compatible and forward expandable. By these
terms, it is meant that a system constructed in accordance with the teachings herein is completely compatible with a
fully implemented version ADSL DMT modern. Moreover, it will be apparent to those skilled in the art that appropriate
modifications specific to the channel and data link protocols and standards can be made so that the present invention
can be advantageously employed in non-ADSL environments as well. Upward compatibility and forward expandability
refer to the fact that systems constructed with the present teachings can have data rates that are easily upgraded while
still preserving and maintaining compatibility with existing standards. For example, lower end users desiring less band-
width can achieve a satisfactory performance with a minimum of cost, and can then upgrade the performance levels of
their systems at later time by suitable (and preferably modular) upgrades of the AFE and signal processing hard-
ware/software.

A system constructed in accordance with the present teachings is completely compatible with the full ADSL stand-
ard because of the following two aspects: According to the rate adaptation feature specified by the T1 E1 .4 ADSL stand-
ards, the bit rate for each sub-channel is determined initially (and preferably dynamically on an ongoing basis) by the
sub-channel SNR analysis. Specifically, an ADSL downstream receiver can inform an upstream ADSL transmitter about
the quality of the transmission; the receiver can also decide the bit rate for each sub-channel. Therefore, a downstream,
partia|—channe| bandwidth receiver using the present invention can (based on the speed and passband of such
receiver) supply an upstream, full-standard ADSL transmitter with information or control signals to effectuate a trans-
mission only in selected sub-channels. In particular, in a preferred embodiment, the upstream ADSL transmitter is pro-
vided with SNR information for sub-channels outside the passband that is artificially contrived so as to suggest to the
upstream transmitter that these sub-channels are not usable. In this manner, the downstream transmission is limited to
a certain nurrber of subchannels within the AFE and signal processing capabilities of the receiver. It can be seen, nev-
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ertheless, that this scheme is completely transparent to the transmitter, thereby permitting a system built in accordance
with the present teachings to be fully compatible with the ADSL standard. While not possible at this time within the
ADSL standard, it is apparent that other high-speed data protocols may use a control signal, instead, to provide for
express limiting and control of the identity of the sub-channels transmitting information.

As the technology improves for AFE devices and DMT implementation, the number of subchannels supported by a
system using the present invention can increase. As a result, such systems can upgrade completely to a full T1 E1 .4
ADSL implementation using a single higher end modular replacement APE devices, or alternatively, a number of lower
end modular AFE devices.

GENERAL EMBODIMENT OF PRESENT INVENTION

The basic structure of the present inve ntion is depicted generally in Fig. 2. In general, the present invention can be
embodied in different combinations of hardware and software. The primary difference between these embodiments is
the specific implementation of the DMT core. These specific embodiments are described in more detail below with ref-
erence to Figs. 3A and 3B.

The structure and operation of ADSL transceivers is well-known in the art, and for that reason the present descrip-
tion primarily details those aspects of such transceivers which are necessary to an understanding of the inventions
herein. As seen in Fig. 2, a channel 100 is made of a regular copper wire “loop", and each such loop may have differing
electrical properties, transmission lengths (sizes), varying attenuation characteristics, and a number of impairments or
interferences. Splitter 210, a conventional and well-known circuit, separates a DMT signal occupying more than 200
sub-channels from a lower end 4 kHz POTS analog signal. The latter can be used for simultaneous voice or conven-
tional analog modem. Hybrid circuit 220 is also well-known in the art, and consists primarily of conventional transform-
ers and isolation circuitry used in a wide variety of high-speed devices interfacing to standard telephone lines. A ring
detect logic circuit 290 can also be implemented using accepted techniques, to alert a Control Interface 295 to the exist-
ence of a transmission signal originating from an upstream transceiver (not shown).

The full bandwidth signal is either low passed or bandpass limited to a frequency width B by suitable, well-known
techniques as it passes through bandpass Filter and Analog/Digital Converter 280, so that only a fraction of the signal
in the frequency domain is passed on to Buffer and DMT Receive Core 260. Again, the only important consideration for
Subband Filter 280 is that it must constrain the bandwidth of the incoming signal to be s B, where the sampling rate of
the Analog/Digital Converter is 2 2B. This can be accomplished by using well-known filter designs. By suitable selection
of circuitry for Filter and ADC 280, the overall system cost and performance can be scaled accordingly In a preferred
embodiment, the signal passed through Filter and ADC 280 occupies a spectrum between approximately 200 and 400
kHz. This selection is based primarily on an expected average performance of a typical two-wire line. It will be apparent
to those skilled in the art that different bandpass widths and regions may be more suitable or optimal for other kinds of
data links, or other kinds of multi-carrier modulation schemes.

Moreover, in some instances, while it is somewhat more expensive to implement, an adaptive or tunable filter may
be substituted, such that the target frequencies of the passband are adjustable uniquely for each new data link. In such
cases, the bandpass can be configured to coincide with the sub-channels having the highest achievable SN R, including
the subchannels that must be supported for protocol or other system overhead reasons. Also, in some applications, the
analog-todigital conversion may be performed by a digital signal processor, or by the host computer and therefore, the
sampling rate can be dynamically controlled and matched to the bandpass target frequency and frequency breadth.
This feature, in turn, would assist dynamic scaling of the data throughput based on system computing power and over-
head requirements.

Furthermore, in this preferred embodiment, using a multi-carrier approach implementation for ADSL, a pilot tone at
276 kHz must be allowed within the passband. It is apparent that other protocols may require similar pilot tones, and
the design of comparable filters to achieve the functionality of Filter and ADC 280 is well within the ordinary skill of one
in the art.

DMT Fleceiver Core 260 is generally responsible for monitoring and measuring the SNR of the sub-channels falling
within the frequency range passed by FILTER and ADC 280, and for extracting the original data stream from the numer-
ous sub-carriers. In a preferred embodiment, Control Interface 295 receives system configuration information from a
host 298. This information may contain such parameters as target throughput rare R, target error rate, target center fre-
quencies F for FILTER and ADC 280, target frequency width B, etc. By evaluating the SNR and bit capacities of the sub-
channels computed by DMT Receiver Core 260, and taking into consideration the target data rate R, Control Interface
295 can select a number k of sub-channels up to and including the total available number M of sub-channels to carry
the data stream from the upstream transmitter (not shown). The number of sub-channels that can be used for carrying
data is directly related to the bandpass frequency B as described above. In a preferred embodiment, M = 200+ (ADSL)
and Control Interface 295 will usually configure k = 20.

For every sub-channel other than the selected k sub-channels, a “mask" or blackout control/feedback signal is gen-
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erated and transmitted by DMT Tx Core 250, Buffer 260 and DAC 230 to the upstream transceiver. This ensures that
any subsequent data transmissions by the upstream transceiver only use the selected k sub-channels. This feedback
information is provided, therefore, irrespective of the transmitting capacity of the upstream transceiver, and even during
times when the channel 100 is capable of supporting more than k sub-channels. In this manner, the present system is
perceived by upstream transceiver to be compatible with protocols and performance characteristics of the upstream
transceiver, because the upstream transmitter receives feedback information indicating merelythat the two systems are
connected through a channel with substantial signal attenuation characteristics for data signals outside the k sub-chan-
nels. Based on the inherent rate adaptiveness of ADSL and other similar protocols, the upstream transceiver will auto-
matically train itself to use orily the k sub-channels predetermined by the downstream transceiver. It should be noted
that the DAC 230 and Buffer 240 in the front end transmitting circuit preferably transmit any upstream data transmis-
sions using a second frequency bandwidth different from that of the downstream data transmission. However, this is not
necessary in systems using echo-cancellation. Furthermore, in ADSL applications, the size of this bandwidth is consid-
erably smaller, and uses only L sub-channels, where L < M. In other xDSL applications, L may be on the same order or
larger than M.

Again, while the ADSL standard fixes the data error rate to be 10 '7, it is conceivable that other applications of the
present invention may tolerate a reduced error rate. For example, if maximum data throughput is required (i.e., the mar-
gin is less constrained) then the largest bit capacity sub-channels within B can be selected. Alternatively, if the system
is error-performance driven and has more relaxed throughput requirements, than the 20 subchannels with the best mar-
gin are selected. A suitable combination of sub-channels can be selected by one skilled in the art based on the partic-
ular system requirements which may vary from application to application. Moreover, Controller Interface 295 may
optimize the desired sub-channel mix dynamically depending on the type of data transmitted in channel 100. For exam-
ple, streaming audio or video, or pictorial graphics, may require less integrity and error performance than other kinds of
data used by n applications programs running on host 298. The specifics of the structure, operations and techniques
used by Controller Interface 295 are not constrained by any requirements of the present invention, and can be imple-
mented in various ways well-known to those seed in the art.

The operation of the remainder of the circuitry shown in Fig. 2 is also relatively straightforward and not unlike a typ-
ical multi-carrier modulation system. Control Interface 295 ensures that DMT Transmit Core 250 performs bit and
energy loading only for those sub-carriers necessary to effectuate a selected host throughput rate/error rate combina-
tion. As with the circuitry used for Filter ADC 280, the circuitry for performing the functions of DAC 230 can be imple-
mented in programmable form to allow for greater flexibility.

Finally, while not presently supported in ADSL protocols, it is nevertheless possible that the filter in block 280 can
be eliminated entirely in some applications when the sub-channel or downstream transmission frequencies can be con-
figured through appropriate handshaking or similar procedures. In other words, if the upstream transmitter can be con-
figured to transmit using only a portion of the bandwidth available in the channel, the advantages of the present
invention can still be realized, because the ADC portion of block 280 can still be relatively less complex, since it will be
processing at a much slower sampling rate than that required for a full spectrum implementation. Moreover, such an
implementation would also yield the same commensurate savings in the DMT processing core, and reduced quantiza-
tion errors.

Some special features of the present invention include the fact that:

(i) unlike hardware architectures implementing a full T1 E1 .4 ADSL standard, the present invention uses a filter in
the front end. As mentioned earlier, the use of this filter is to allow low speed sampling by the ADC. If suitable hand-
shaking between the upstream and downstream transcievers can be effectuated to generate a reduced downt-
stream transmission, the filter can be eliminated.
(ii) standard ring detection logic is incorporated to support existing modem features;
(ii) DMT Rx core 260 is basically implemented the same way as specified by T1 E1 .4, but with some important dif-
ferences, specifically:

[a] due to subband filtering and lower speed sampling, the frequency channels at the output of FFT (not shown)
in the DMT Rx Core have a frequency shift
[b] Since not all 256 subchannels are necessarily supported by the DMT Rx Core 260, actual FFT implemen-
tation can be smaller, simpler and more cost-effective;

(iv) Control logic 295 permits the system to behave essentially like a conventional analog modem, and is used to
support necessary setup tasks such as dialing and handshaking;
(v) The use of limited bandwidth from the downstream channel reduces the need for echo-cancellation circuitry,
because there is less need for overlap between the upstream and downstream transmissions, and this further
reduces system complexity and cost;
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(vi) Because a smaller portion of the spectrum is processed by the present invention, the peak-to-peak deviation of
the downstream signal is reduced, and this helps to minimize quantization errors.

DEDICATED HARDWARE BASED EMBODIMENT

Figure 3A illustrates an embodiment of the present invention that can be g enerally described as a dedicated hard-
ware implementation. For the present discussion of Fig. 3A, it can be assumed that those circuits having like numbered
references are the same and/or perform the same function as their counterpart in Fig. 2. For exanple, unless othenivise
indicated, there is no material difference between Splitter 210 (Fig. 2) and Splitter 310 (Fig. 3A).

In this embodiment, the DMT sub-channel modulation core is implemented completely in dedicated processing
hardware. For thin appliction, DMT Receiver Core 260 typically includes a digital signal processor (DSP) (not shown)
and including on-board program ROM (or other suitable memory) for storing executable microcode routines for perform-
ing bit, energy and SNR measurements of the carriers in the sub-channels. In such an embodiment, due to the power
of the DSP, there is typically no need for processing assistance from a user's host processor 398. This embodiment
therefore may be advantageously employed where host processing power limitations are a consideration.

A user of a system shown in Fig. 3A can expand the functionality (i.e., data throughput rate and modem features)
of such system by upgrading the DMT Receiver Core 260, and where necessary, the AFE 280 as well. The system of
Fig. 3A can be incorporated on a typical printed circuit board. By mounting or packaging the circuits used in such blod<s
in an accessible fashion, they can be replaced or supplemented much in the same way present users of personal com-
puters can upgrade their motherboards to include additional DRAM. One practical alternative, for example, would be to
have multiple available slots to accommodate new subband pass filters for passing a greater portion of the downstream
transmission to be processed by the DMT core logic. Other practical and simple variations of this approach will be
apparent to those skilled in the art.

PARTIAL SOFTWARE BASED EMBODIMENT

In the above dedicated hardware embodiment, the overall speed (data throughput) can be maximized but with less
flexibility for upgrades. This is because upgrades to such a system must take the form of hardware replacements, which
can be more costly and difficult for the user to incorporate. On the other hand, as depicted in Fig. 3B, a number of impor-
tant functions of a communications system can be completely implemented in software, in an analogous fashion to what
is commonly described in the art as a "software" modem. In this case, the overall speed of the system depends on the
user's processor power available at host 398, and only the AFE portion need be implemented in hardware.

The primary differences between the embodiments of Fig. 3A and 3B are the following: (1) implementation of DMT
modulation; (2) implementation of the control and handshaking functions; and (3) implementation of the control inter-
face. As seen in Figures 3B and 4, DMT Receive Core 460 and DMT Transmit Core 450 are implemented in a data
pump device driver by the host system 398. In a preferred embodiment, host system 398 includes some form of multi-
purpose microprocessor (such as an x86 type processor) running a suitable operating system (such as Windows by
Microsoft), and is capable of executing suitable low la/el drivers for the DMT modulation (Fig. 4), as well as high level
application software for implementing Control Interface 500 (Fig. 5). Host processor system 398 communicates over a
standard bus interface 385 (i.e., a PCI bus) to Front End circuitry 396 for implementing a high speed modem. As with
the circuitry in conventional analog modems, this circuitry of the present invention can be effectively incorporated on a
PC motherboard (i.e., Bus Interface 385 and Front End Circuitry 396 can be merged so that they are essentially part of
host system 398) or on a separate printed circuit board , or as a stand-alone unit physically separated from host 398.
While this approach may not provide as much throughput performance, it has the advantage of being less expensive
than the pure hardware approach of Fig. 2, and much easier to upgrade.

In the "software" modem implementation of Fig. 3 using a typical PC running Windows, the DMT Tx core 450, Rx
Core 460 and Control/Handshaking logic are implemented as a Windows Data Pump Device Driver 400, which consist
of DMT routines, associated control and handshaking codes, and an interface to kernel 480.

A more detailed characterization of a portion of host processing system 398 is depicted in Fig. 4, which illustrates
a preferred embodiment of a device driver 400 as it would be constituted for a computer operating system shell 480. In
the present embodiment, Microsoft Windows NT is considered, but it is understood that other comparable environments
may be used, including UNIX, Windows 95, etc. As is well-known, operating system 480 is responsible for supervising
and controlling the operation of processing system 398 and all of its associated peripheral devices. Operating system
480 also includes various interactive control and graphical application interfaces (Fig. 5) for permitting a user of
processing system 398 to run various applications programs, and to set up, control, configure, monitor and utilize
peripheral devices such as disk drives, printers, monitors, modems and the like.

To assist operating system 480 to interact and control such peripheral devices, it is also well-known to use device
drivers, which are essentially low-level hardware routines executed by a host processor and operating system. A device
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driver is a memory image file or executable file that contains all the code necessary to instruct a host processor to inter-
face and drive a particular device within a computing system. Device driver 400 acts as an interface between an oper-
ating system 480 (in this case, Microsoft Windows NT) and hardware 396. In this case, for example, device driver 400
supports hardware 396 (see Fig. 3B). which is embodied in a typical printed circuit board (or external device). The
teachings herein therefore provide for a new device driver that in combination with hardware 396 operates as a "soft-
ware" modem. In this manner, operating system 480 classifies this combination as an ADSL modem. or in other words,
another typical personal computer peripheral device, analogous to conventional voice-band modems.

Generally speaking, device driver 400 works as follows: a user of processing system 398 desiring to establish a
data linkto a remote site for transmitting/receiving data initiates such link through an application program (Fig. 5). Oper-
ating system 480 (Fig. 4) interprets and services this request by passing control of this task to device driver 400, which
first generates appropriate instructions for a Device Initialization 440. In a preferred embodiment, Modem card 396 is
initialized through Bus Interface 410 using conventional voice band modem control commands, so that the present
invention is compatible with preexisting applications programs written for controlling modems using operating system
480. Similarly, therefore, control and data signals are interpreted and transmitted by operating system 480 to a Serial
Port Interface 475 so that conventional modem dialing instructions and handshaking signals can be imparted to Modern
Card 396 to establish a link through channel 100 to an upstream conventional ADSL transciever (not shown). As
explained above, after suitable handshaking protocols have been completed, the upstream fully compatible ADSL
transceiver will begin transmitting data on all available M usable sub-channels. This downstream data is filtered by FIL-
TER/ADC 380 and at this time, information for only N sub-channels (N<=M) is temporarily held in Buffer 370. At or
before this same time, an interrupt is generated by bus interface 385 and passed through device driver bus interface
410 to alert Interrupt Service Router 415 to the existence of downstream data requiring processing. Thereafter, DMT
Receive Core 460 begins processing the downstream data stream in response to control information from ISR 415. A
demultiplexer 465 extracts and correlates the data in the various sub-channels before passing it on to Serial Port Inter-
face 470, and back to Operating System 480. In this manner, Device Driver 400 coordinates with Modem card 396 to
effectuate a sofvvare modem whose performance is directly correlated to the computing power of a processor contained
within the host processing device.

As mentioned earlier, Device Driver 400 also contains control information for configuring the number and selection
of sub-channels to be used in the particular data link established through channel 100 with the upstream transciever
during an initialization process. As also mentioned above, this control information may be self-determined by a user of
host processing system 398, or alternatively, automatically sensed and monitored by such processing system, based
on a computing performance rating for such system determined in a calibration routine. In either event, during the ini-
tialization process (and at all times subsequent) the upstream transceiver is induced to use such sub-channels only for
the ensuing data transmission. This is accomplished by transmitting SNR information that is interpreted by the
upstream transceiver as zero for all but K 5 N of the sub-channels of the driver selection. This data is passed under con-
trol of Operating System 480 through Serial Port 475, Framing control 455 and DMT Transmit Core 450 before being
sent out to Modem Card 396 and channel 100.

It is understood, of course, that ADSL Modem 396 can also respond to a requestfrom a remote modem for initiating
the data link. The process for initializing the link, nevertheless, is essentially the same as that described above. Device
driver 400 can also contain control logic for supporting typical dial-up modem operations and control codes from con-
ventional modem application programs typically implemented in voice-band modems, such as setting up Origi-
nate/Answer modes, monitoring call progress, performing modem diagnostics, configuring receive/transmit buffer sizes,
supporting facsimile transmissions, as well as performing enhanced error control, data compression and flow control
between Modem Card 396 and Operating System 480. Device Driver 400 can also support other conventional "always-
on" data link connections as desired, such as may be found in typical ethernet network connections, and other dedi-
cated applications.

Given the teachings of the present invention, the general design of the above Data Pump Device Driver 400 is a
routine task well within the abilities of one skilled in the art. The specifics of such implementation are not critical or
essential to the present inventions, and will vary from application to application according to system designer require-
ments, so they are not included here. Again, while this embodiment of the present invention is set out in the context of
a PC based host processor running Windows, it will be apparent to those skilled in the art that above description is
merely an exemplary implementation. The referenced DMT routines, associated control and handshaking codes can be
employed in numerous host processing/operating system environments, and in a variety of different coding organiza-
tions (high level or low level processing forms) well—known in the

In the preferred embodiment implemented using a standard PC running Windows, Control/Application interface
500 includes Win32 codes which provide standard modem utility functions and interface with Data Pump Device Driver
400. In Fig. 5, a flowchart of the operation of the Control/Application Interface 500 can be seen ., which interface is dis-
cussed in more detail below.

Another particularly beneficial aspect of the embodiment of Fig. 3B is the provision of a self-determining "perform-
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ance" or calibration rating that can be used to determine an optimal or maximum data throughput rate. In other words,
the system of Fig. 3B can automatically and adaptively configure a host system 398 to a particular throughput rate
based on an evaluation of the available computing power. In a preferred embodiment, the performance rating is deter-
mined based on a calibration rouune executed by Data Pump Device Driver 400. This routine sets a timer, and counts
how many DMT frames can be processed within the given time; this gives a relative figure of merit for the particular host
system in question. For each sub-channel to be added, one DMT frame needs to be processed within a small fraction
of 250 us. Therefore, by incrementally increasing the sub-channel count, the overall effect on total system processing
overhead can be determined. Control/Application Interface 500 provides the user with control to set a threshold of avail-
able host power for implementing the high speed link. Based on this threshold of available power (which can be nomi-
nally set to 20%) the number of subchannels that can be supported can be gleaned very quickly

In view of current technology, when DMT processing is implemented in software, the host processing power is more
likely to be the limiting factor than the frequency band of the subband filter 80 in Figure 1B. Nevertheless, because host
processors (and especially microprocessors) are evolving in performance at a fairly rapid rare, the present invention
affords users an opportunity to realize a high speed data link with performance that is controllable, and which improves
whenever there is an upgrade in the host processing system. Since many typical present day personal computer sys-
tems have easily accessible and replaceable host processors, users of the present invention can easily and flexibly
expand and enhance the throughput and functionality of an ADSL modem.

An example of the flow chart for an ADSL mo dem application/control program 500 designed in accordance with
the present teachings is shown in Fig. 5. With the teachings herein, a user of host processing system 398 can, for the
first time, dynamically control a fonivard compatible and expandable modem, such as an ADSL modem, using modem-
control applications software that is analogous to that only previously available for voice band modems. In a preferred
embodiment, ADSL Modem Card 396 is automatically detected by Operating System 480 and set up by initialization
routine 505 by Modern Device Driver 400. A separate detection routine 510 determines whether or not ADSL Modem
Card 396 has been upgraded with an additional AFE (as described generally with reference to Figure 6 below), or alter-
natively whether a processor used in a host system has changed. The purpose of this step is primarily to determine
whether entries in a Device Parameters Table 560 need to be updated because of changes in computing power, front
end capabilities or other parameters that may necessitate a modification of the data throughput characterization of the
overall system when used in a communications mode.

A calibration routine 520 is then executed to determine the nominal setup parameters for the overall system in the
manner described earlier. The results from this operation are stored in Device Paramater Table 560 where they then
become accessible to vanous application programs that may make use of ADSL Modem Card 396 and Device Driver
400. The information stored in table 560 can include any or all of the following (a) measurements of the computing
power available to the host processor; (b) measurements of the number of frames processable by the system within a
particular time period; (c) estimations of the expected loading on the processing system based on demands of other
applications programs and peripheral devices; (d) minimum and maximum data throughput estimations and/or targets;
(e) data identifying the type of host processor; (f) data identifying the number and type of AFEs in ADSL Modem card
396; (g) estimations and/or target system loading rates available for a datalink (i.e., maximum available processing time
to be used by the system during data transmission); (h) data transmit and receive buffer sizes; ( i) interrupt or similar
priority data for the modem card; (j) estimations and/or target system sub-channel utilization; (k) estimations and/or tar-
get system sub-channel bit capacity information; etc. It will be apparent to skilled artisans that the above are just exam-
ples of the types of information that may be pertinent to the performance of a high speed communications system, and
that other parameters may be considered depending on the environment, application, etc. in which the present inven-
tion is used.

After performing Auto Calibration routine 520, the results of the same are presented to the user for acceptance and
verification at step 525. At this point, the user can accept the predetermined configuration data at step 526 (i.e., such
as proposed maximum and minimum throughput rates, loading rates, etc.) and this would othewvise invoke an end of
modem setup routine 590. Should the user not want to accept the recommended parameters, a Manual Configuration
routine 530 is executed. At this iuncture, various system performance data can be presented to the user for review,
along with a list of modifiable system options 532. If for example, the user elects to increase the desired throughput rate,
a Verification routine 540 is then executed to determine whether such rate is reasonably sustainable within the other
parameters of the system. If the new proposed configuration data is otherwise acceptable, then the Device Parameter
Table 560 is updated, and the setup routine again ends. Othenivise, the user is alerted by a Notification/Suggestion rou-
tine 550, which points out the failure of the proposed configuration, and, if possible, makes suggestions to the user for
modifying the system options 532 so that overall compliance can be achieved within the performance capability of the
host processing system. The program then loops back to Acceptance routine 525, and thereafter the process is
repeated until an acceptable configuration has been achieved, and any changes have been incorporated into Device
Parameter Table 560.

While some of the operational steps above are described as implemented solely by Operating system 480 and
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Device Driver 400, it is understood that such operations occur under direction of modem applications program 500, or
in some cases, based on initialization routines executed by the host processing system. Moreover, to simplify the pres-
entation of the present invention. only some of the features that may be implemented are described above, and many
other well-known operational steps normally associated with setting up or monitoring modems are omitted.

As with the design of the above Data Pump Device Driver 400, the general design of the Control/Application Inter-
face 500 required to accomplish the above functions is a routine task well within the abilities of one skilled in the art
given the teachings herein. The specifics of such implementation are not critical or essential to the present inventions,
and will vary from application to application according to system designer requirements, so they are not included here.
Again, while this embodiment of the present invention is set out in the context of a PC based host processor running
Windows, it will be apparent to those skilled in the art that above description is merely an exemplary implementation.
The referenced Control/Application Interface can be employed in numerous host processing/operating system environ-
ments, and in a variety of different coding organizations (high level or low level processing forms) well-known in the art.

MULTIPLE AFE AND LOWEF? SAMPLING SPEED EMBODIMENT

Figure 6 illustrates an example of the present invention wherein a user can achieve significantly increased data
throughput using multiple low cost, low sampling speed AFEs, generally designated 680A, 680B, 680C, etc. As
described above, these AFEs may be in separate, modular form and configured in a bank form so that they can be
incorporated conveniently on a printed circuit board (or similar mounting) or integrated in a single IC chip. Each AFE
can be implemented in a fixed hardware configuration, or individually programmed/controlled to pass a certain portion
of the downstream data transmission. Assuming suitable processing power is available for DMT modu|ation/demodula-
tion (either through a dedicated or software implementation as described above in connection with Figs. 3A and 3B) a
user of such system can achieve substantially expanded functionality by upgrades having performance characteristics
and costs of their choice.

UNDERLYING THEOFIY OF PRESENT INVENTION FOR ADSL/DMT APPLICATIONS

A discussion of the underlying theory supporting the premise of the present invention now follows. In particular, this
section shows the mathematical foundation For the use of multiple low speed AFE's to sample a full bandwidth
ADSL/DMT signal. It will be apparent to those skilled in the art, after reading this discussion, that the present inventions
can be advantageously used in a number of rate adaptable communications environments, including CAP implementa-
tions of ADSL.

DMT Transmitter

To simplify the present discussion, only a subset of the DMT transmitter is considered, as shown in Figs 1D and
1E. The combined model that includes the channel response and the DMT receiver is shown below, where only one
branch of band-pass filtering and sanpling is shown for simplicity. To further simplify, the channel response and the
SFIR are combined together.

In this subsection, we analyze the signal over one band pass filtering process. The result shows that the DMT sig-
nals within the band pass can be recovered with the same use of impulse response shortening technique. With use of
multiple AFE‘s that cover different frequency bands, all DMT subchannels can be recovered. IFFT

In an ADSL environment as shown in Fig. 1D, N (N=512) frequency domain variables are transformed into the time
domain by IFFT block 60

N—1

yn Z Xnei=0

Cyclic Prefix

c time domain variables at the end are added to the prefix of the sequence as shown in Fig. 1D by block 70

[Zn}={Z.c:z.¢,-+1; ' ' .lZ.1lz0IZ1l' ' ' IZN-1}={yN-cl ' ' ' .YN.1.yo. ' ' '1}/N4}

AFE/DAC

Discrete time domain sequence are converted by AFE 75 to the continuous time domain waveform as follows:
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:20

2(7) = Z Znprx (t'nTc).n=-ac

where p7-X (t) is the transmitter pulse of the AFE/DAC used, and To is the transmitter DAC dock period and equal to

7. _ 250psec° N+C

according to the DMT ADSL specifications.

Channel

With reference now to Fig. 1E, if the channel impulse response is hc(f), we have

no

u(f)= Z znpF,X(t-nTc)n=-00

where p HX(t)=p TX(z‘) ®/76(1) .

Bandpass Filtering

If the bandpass filter 80 has an impulse response of

so

hBPF(t)"/(1):! Z ZnPBPF("’7Tc)n=—:zo

where p BP,_—(f)=pRX(f)®h BP,_—( f).

AFE/ADC

Let the sampling clock be Ts = Tc x L. This means a slower sampling by a factor of L for AFE 81. Thus,

as 00

Wk = Z ZnpBPF(kTs '”Tc) = Z ZnpBPF([kL '”]Tc)n:-no n:-no

For causal pulse pgpp (f). we have

oo 00

Wk = Z znpBPF((kL'n)Tc) = Z ZKL-npBPFnTc)n=-so n=O

Shortening FIR (SFIR)

After AFE discrete time sampling. a time domain equalizer (TEQ) called SFIR 82 is used to reduce the combined dis-
crete time impulse response to a duration smaller than c. If the SFIR response is hsF,,;[n], we have
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'7: = gawk-rhsrrn [1]on

= Z ZuPaPF (ML ‘ '1 ‘ iL]Tc )]hSFlR U]n=—-

= fiZnh!0l[kL_n]r[=—ao

= E zkL-n hm: ['1]r|=0

h,.,,rkL-ni = ihsmit1pm(IkL -n —tLH:.>i=0

Physical Meaning of /7,0, [n]

If we perform discrete Fourier transform at block 84 for hm [n], we obtain H,a,[w]= H SHE [Lo)]HB,,F [03] where H5F,,;,
[Lou] and HBPF [00] are the DFT's with period |(LTG) and I/Tc, respectively. Their spectra can be illustrated as shown in
Fig. 1F for L=5.

Dropping Cyclic Prefix

By dropping the cyclic prefix of length c/L, at block 83 we consider only s K =rK, k=0, - - - ,N1-1 , where N1 =N/L.

FFT

Performing FFT at block 84 for sk, K=0, - - - ,(N/L)-1 , one obtains:

N—l

qr: sle[=0
—j21rnl/N‘

—j11mlc /N,

—j27rn(kL—i)/N,h —j2mu’/N,‘e to:

—j27L'n(/CL-i)/N,h [I-]e—j2Irni/N,kL—ie mt

—j21rn(kL-—r’)lN,h [I-]e-j2rmrIN,{DI

where we assume hm, [r] is only nonzero for r’ = 0, - - - ,c. For a given i, let us define
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1'=|'r/El;

We can then define i'=i'L-i. where i’=0,....L-1 . Therefore, i=/'L-i’
From the above definitions, we have

N—l . .

2 ya Ie-j2m(kL—-r)INl-K
k=0

, _ N—l . .

-jzmud.-1)/1v, + : ykL_ie-j2m(kL—r)/N,
k=l' N —i

—'2m([k—l']L ")/N —’2:m([k—l']L ")/N

I H ‘ + E y(k-l')L+r"e J H ‘

1'—1

= Zykz.-rek=o
l'—-I

= Z )’(/c-nwek=o

1'—r N.-1-!‘

= 2 )’(k-r'+N)LH'e_jZM[k-r+N']LmIM + 2 }’kL«'e_j2Jm(kLmlN'
k=0 ‘ k=0

N,—1 _ . .
_ -_j2m(kL+i')/N

' I

:”f'ykL I e—j21m(kL+:")/N,+‘.
k=0

Therefore,

1: Nl—l

q” = 2 2 ykL_l_e—12Irn(kL—r)/Nlhm [I-]e—j2rrn1/N,i=0 k=0
N -1

ykL+‘.,e‘j2n‘Il(kL +1”)/Ni Jhmf [[18-j2n‘nl'/N,
-1 N-I _

Z xleJ2JI(kL+l)l/N —j2Irn(kL+i')/N, h [1-]e—j2n'ru'/N,(=0 (0!

[I-]e—j2Il'ru' /N1

N—l _ _

Z xleJ27l‘(kL+r)(1—n)/N Jhm
-1

e 1‘2rt(IcL+~»)(1—n)/Njhml[i]e—j21rni/N,

N -‘I

i e/2“‘“*""""”” = 0 when (/- n) ¢ mN1 ,k=0
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Knowing that hm, [I] is zero for i < 0 and i> c , we have

L—l _ __ .. _

xmNl+n e/21:-MIL E hm “L _ I--]e—j2rrn(lL-i‘)/N1- [=_..

Zhm.[lL—i']e""°"”“"‘”’” = ih,,,,[zL—i']e‘!'“"’L"'7T=
’=-°° z=_.=

a)=Z7m/N7;

=F hm;(l)Z8(t—[lL-z“]Tc)

' ar=2zm/N7;

=%Cror((0)® 3;: [Z6(w—L—’*;:)e1‘W'L
_ ar=2nn/N7;

L 2<;,.,,<,—v,2m-g-;;>eJ=*'*"LI
C

L—l L—! _ ., - . _..
qr: = N: Z xmN|+n Ze”"”"" 2 hm: UL —i'Ie'”"“"‘ "’”m=O i'=0 l=--

_N L" L" j2n'i'm/L ; EH (2701 _ 21:1) j2rrIi'/L“ lmZ_0xmN,+ni§‘,0e LT‘ I I0: N1‘ LT‘ e
_ N1 L" H ”,7rn 21:: L" j2nu+m>wL
" TC Zo“mNl4-11%, m:(N-I-E ‘ L1-C)_Z09m= x=

I
gym ‘Mm

xIn.N,+nH!ol (N7'‘ + L7‘)0
I

xm.N‘+nHIor (“'1N-1’-"[’"Nl “'"])v "=Ov~-‘NI ‘I
‘.

"mN.+nHta1[""VI "'"]‘ "=0v--‘NI “0

H,,,,[n] = H,,,(§fn), for 0 5 n < N
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Relationship between q,, and x,,

As shown in Fig. 1G if fi,of[n] is a bandpass filter and nonzero only in the intervals [k(N/2L), (k + I)(N/2L)] and [(2L-k-
I)(N/2L) (2L-k)(N/2L)], where 0 s k < L, the possible values of m that

H,,,,[muv/ L) +1.]

is nonzero for 0 s n < (N/L) are as follows.

Even k

It K is even, we can have m=K/2 and 0 S n <(N/2L) so that

I-I,,,,[m(2v/L) + n]

is nonzero over the interval [k(N/2L), (k + |)(N/2L)], and m=(L-I)-k/2 and (N/2L) S n < (N/L) so that

Hlor["|(N/ L) + R]

is nonzero over the interval [(2L-k-|)(Nl2L), (2L-K)(N/2L)].

Odd K

It K is odd, we can have m=(k-I)/2 and (N/2L) s n < (N/L) so that

H,a,[m(1v/ L) + n]

is nonzero over the interval [k(N/2L), (k + |)(N/2L)], and m=L-(k-I)/2 and 0 s n <(N/2L) so that

H,a,[m(NIL)+n]

is nonzero over the interval [(2L-k-|)(Nl2L), (2L-k)(N/2L)].
The above discussion is illustrated in Fig. 1G for L = 3.

In another variation that can be used in the present invention, similar advantages to those obtained by limiting
bandwidth in the received signal in the downstream transceiver can be obtained by also optionally limiting the upstream
data rate of the transceiver as well. In other words, the ADSL standard provides for 31 channels in the upstream direc-
tion, but many applications do not require this amount of bandwidth. The constraints, requirements and costs associ-
ated with the DMT modulation signal processing, and DAC 330 also can be significantly reduced by transmitting only a
sub-set of the available 31 sub-channels. The determination of the appropriate sub-channels would be accomplished
in essentially the same manner as set forth above, except that the information on upstream sub-channel SNR usually
must be determined by the upstream transceiver, and then fed back to the downstream transceiver. To save time and
overhead complexity, and given the fact that there is less variation in bit capacity in sub-channels in this frequency band,
one approach also would be to simply select a fixed sub-set of such sub—channe|s—without regard to their actual per-
formance characteristics. In a software modem environment, Control/Application software 500 would provide a user
with selectable control to effectuate a restricted upstream transmission on limited sub-channels. Again, with respect to
the ADSL standard, the only requirement in this respect is that the upstream pilot tone must also be transmitted to
establish a valid data link An optional limited "upstream" transmission can be effectuated in a variety of ways by the cir-
cuitry already described above in connection with Figs. 2 and 3. The exact details of such implementation will be appar-
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ent to those of skill in the art given the present teachings.
Although the present invention has been described in terms of a preferred ADSL embodiment, it will be apparent

to those skilled in the art that many alterations and modifications may be made to such embodiments without departing
from the teachings of the present invention. For example, it is apparent that the present invention would be beneficial
used in any xDSL or high speed multi-carrier application environment. Other types of VLSI and ULSI components
beyond those illustrated in the foregoing detailed description can be used suitably with the present invention. Accord-
ingly, it is intended that the all such alterations and modifications be included within the scope and spirit of the invention
as defined by the following claims.

Claims

1. A high speed communications system capable of supporting a downstream data transmission from a upstream
transceiver using a analog signal consisting of M data carrying signals contained within a bandwidth F, said system
comprising:

a channel interface circuit for coupling to and receiving said analog signal; and
a front end receiving circuit for processing the analog signal and converting it to a digital signal;
a processing circuit for extracting N data carrying signals (N <M) from the digital signal using a first frequency
portion f1 of the digital signal (f1 <F).

The system of claim 1, wherein the N data carrying signals are selected by the processing circuit based so as to
minimize the amount of processing required to extract the selected data from the digital signal.

The system of claim 2, wherein the N data carrying signals can be selected during a initialization process setting
up a data link to the upstream transceiver.

The system of claim 3, wherein M data carrying signals can be sent by the upstream transmitter during a initializa-
tion process, and thereafter, only N data carrying signals are sent.

The system of claim 1, wherein the front end circuit includes: (i) a sub-band filter for passing the first frequency
bandwidth portion ft of said bandwidth F; (ii) and an analog to digital converter.

The system of claim 1, wherein the selected data further includes data obtained from an additional second fre-
quency bandwidth portion f2 of said bandwidth F, so that an additional number of data carrying signals P from the
M data carrying signals (N+P < M) can be processed.

The system of claim 6, further including one or more sub-band filters for passing the first frequency bandwidth por-
tion f1 and second frequency bandwidth portion f2 of said bandwidth F and an analog to digital converter.

The system of claim 7, wherein a target data rate of the system can be increased by processing an additional
number of data carrying signals P from the M data carrying signals, where N+P <M.

The system of claim 1, wherein the selected data to be extracted from the bandpassed data can be controlled by a
user of such system.

. The system of claim 9, wherein a user of such system can increase a target data rate of the system by modularly
augmenting the front end circuit to include additional bandwidth and analog to digital conversion capacity such that
an additional number of data carrying signals P from the M data carrying signals (N+P <M) can be processed.

. The system of claim 1, further including a front end transmitting circuit for transmitting control information to cause
said upstream transceiver to transmit downstream data only using the N data carrying signals.

. The system of claim 11 , wherein the control information transmitted to the upstream transceiver includes feedback
information indicating that only N of the M data carrying signals are desirable for downstream data transmission,
even during times when said channel is capable of supporting more than N data carrying signals.

. The system of claim 12, wherein the control information transmitted to the upstream transceiver further includes
feedback information indicating that: G) the system can support any data protocols used by said upstream trans-
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ceiver; and (ii) that they are connected through a channel with substantial signal attenuation characteristics for data
signals other than the N data carrying signals.

. The system of claim 1, further including a front end transmitting circuit for transmitting an upstream data signal
using a second frequency bandwidth F2 different from F, and L data carrying signals, and where L < M.

. A high speed communications system for processing an analog data signal from a channel capable of supporting
M modulated sub-channels, said system comprising:

a channel interface circuit for coupling to and receiving said analog data signal from the channel;

a analog front end circuit for processing the analog data signal and converting it to a digital signal;

a processing circuit for extracting data from the digital signal, the digital signal including data taken from a
number N of said sub-channels, where N is intentionally selected to have a value less than M and where N is
negotiated with an upstream transceiver during a initialization procedure.

. The system of claim 15, where the N sub-channels are initially loaded with bit capacities that are left essentially
unchanged unless said channel characteristics vary.

. The system of claim 15, wherein the selection of the N sub-channels can be done during the initialization proce-
dure.

. The system of claim 15, wherein the value of N is based on signal processing capability of the processing circuit.

. The system of claim 15, wherein a target data rate of the system can be increased by processing a additional
number of sub-channels P from the M sub-channels, and where N+P <M.

. The system of claim 15 further including a front end transmitting circuit for transmitting control information to cause
said upstream diver to transmit downstream data only using the N sub-channels.

. The system of claim 15, wherein the upstream transceiver uses discrete multi-tone (DMT) modulation for generat-
ing the M modulated sub-channels, and the channel supports asymmetric digital subscriber loop (ADSL) transmis-
sion standards.

. A high speed communications system for processing an analog data signal from a channel capable of supporting
M modulated sub-channels, said system comprising:

a channel interface circuit for coupling to and receiving said analog data signal from the channel;

an analog front end circuit for processing the analog data signal and converting it to a digital signal;

a bus interface circuit for transmitting the digital signal to a host processing device, and for receiving a trans-
mission control signal from the host processing device to cause said upstream transmitter to transmit using
only from a number N of said sub-channels, where N is intentionally selected to have a value less than M, and
where N is negotiated with a upstream transceiver during a initialization procedure.

. The system of claim 22, wherein the value of N is based on signal processing capability of the host processing
device.

. The system of claim 22, wherein a data rate of the system can be increased by processing an additional number
of sub-channels P from the M sub-channels, and where N+P < M.

. The system of claim 22, wherein the upstream transceiver uses discrete multi-tone (DMT) modulation for generat-
ing the M modulated sub-channels, and the channel supports asymmetric digital subscriber loop (ADSL) transmis-
sion standards.

. A method of processing a xDSL signal from a digital subscriber loop, said method including the steps of:
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negotiating a reduced data rate R’ for said signal between a downstream and a upstream transceiver; and

thereafter transmitting said xDSL signal from the upstream transciever to the downstream transceiver utilizing
a number of sub-channels N to effectuate the reduced data rate Fl‘. where N is intentionally selected to be less
than a maximum number of sub-channels M supported by said digital subscriber loop;
wherein the number of sub-channels N is based on signal processing capability available to the downstream
transceiver.

. The method of claim 26, wherein the data rate of the system can be increased by processing an additional number
of sub-channels P from the M sub-channels, and where N+P <M.

. The method of claim 26, wherein the upstream transceiver uses discrete multi-tone (DMT) modulation for generat-
ing the M sub-channels.

. The method of claim 26, wherein the reduced data rate Fl‘ can be specified by a user operating the downstream
transceiver.

. A high speed communications data receiver for communicating through a channel at a data rate X with a upstream
transmitter capable of transmitting a data stream at a rate Y (X<Y), the receiver comprising:

a channel interface circuit for coupling to and receiving said data stream; and
an analog front end circuit for data sampling the analog signal and converting it to
a digital signal; and
a processing circuit for extracting selected data from the digital signal, and for generating a transmission con-
trol signal for causing said upstream transmitter to transmit at a data rate substantially equal to said data rate
X during a data stream transmission; and
wherein data sampling requirements of the analog front end circuit and extracting of the processing circuit are
reduced because data sampling and extracting is only performed for a fractional portion of the data stream.

. The system of claim 30, wherein the analog front end circuit further includes one or more sub-band filters for filter-
ing the analog data signal to generate the fractional portion of the data stream that requires data sampling and
extracting.

. The system of claim 30, further including a front end transmitting circuit for transmitting the transmission control sig-
nal from the processing circuit to cause said upstream transceiver to transmit downstream data only at said data
rate X.

. The system of claim 32, wherein the control information transmitted to the upstream transceiver includes feedback
information indicating that the maximum downstream data transmission data rate is X, even during times when said
channel is capable of supporting more than said data rate X.

. The system of claim 30, further including a front end transmitting circuit for transmitting an upstream data transmis-
sion using a data rate Z, where Z < Y.

. The system of claim 30, wherein the ratio of X to Y is approximately .5 or less, and this ratio can be increased
through modular additions to the analog front end circuit.

. A high speed communications data receiver for communicating through a channel with an upstream transmitter that
is capable of transmitting a data signal with a particular frame rate T and data rate Y, the receiver comprising:

a channel interface circuit for coupling to and receiving said data signal; and
an analog front end circuit for sampling the data signal and converting it to a digital signal; and
a processing circuit that: (i) is configurable for processing the digital signal at a data rate <=X and using said
frame rate T, where X is determined for such processing circuit prior to initialization of a data transmission and
X < Y/2; (ii) generates a transmission control signal for causing said upstream transmitter to transmit at a data
rate no greater than X during a data transmission;
wherein signal processing requirements for the processing circuit are reduced because processing is only per-
formed at a fractional rate of the available data rate of said transmission protocol.
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. The system of claim 36, wherein the control information transmitted to the upstream transceiver includes feedback
information indicating that the maximum downstream data transmission data rate is X, even during times when said
channel is capable of supporting more than said data rate X.

. The system of claim 36, wherein the feedback information including the data rate X can be controlled by a user of
such system.

. The system of claim 36, wherein the ratio of X to Y is approximately .2 or less.

. A high speed communications system for transmitting digital information in a channel capable of supporting a trans-
mission bandwidth F, said system comprising:

an upstream data transceiver capable of modulating the digital information to generate an analog data signal
data transmission using said transmission bandwidth F; and
a downstream data transceiver channel interface circuit for coupling to and receiving said analog data signal
from the upstream data transciever through said channel, the downstream data transceiver including:

(i) a front end receiving circuit for processing the analog data signal and converting it to a digital signal; and
(ii) a processing circuit for demodulating the digital signal, the digital signal including data from a first fre-
quency bandwidth portion f1 of said bandwidth and for generating feedback information indicating to the
upstream transceiver that the bandwidth other than f1 is unsuitable for data transmission; and
(iii) a front end transmitting circuit for transmitting the feedback information using a second frequency
bandwidth portion f2 to cause said upstream transceiver to transmit downstream data only using the first
frequency portion f1.

. The system of claim 40, wherein the ratio of f1 to F is approximately .5 or less, and this ratio can be increased
through modular additions to the front end receiving circuit.

. The system of claim 40, wherein the feedback information contains intentionally altered channel characteristic
information.

. The system of claim 41, wherein the feedback information, including the size and location of first frequency portion
f1, can be controlled by a user of such system.

. A high speed communications data receiver for communicating through a channel at a controllable data rate X with
an upstream transmitter capable of transmitting a data signal at a flame rate T, and a data rate Y, where )</Y < 1/2,
the receiver comprising:

a channel interface circuit for coupling to and receiving said analog data signal; and
an analog front end circuit for data sampling the analog signal and converting it to a digital signal; and
a processing circuit for determining said rate X based on processing capabilities available for extracting data
from the digital signal, and for generating a transmission control signal for causing said upstream transmitter
to transmit using said flame rate T, and a data rate substantially equal to said data rate X during a data trans-
n"||SS|Ol"I.

. The receiver of claim 44, wherein said rate X is determined during a calibration routine.

. The receiver of claim 45, wherein said calibration routine is executed by a host data processor to determine the
capabilities of such processor.

. The receiver of claim 44, wherein said rate X is configurable by a user of such receiver based on performance char-
acteristics of a host processor comprising a portion of the processing circuit.

. The receiver of claim 44, wherein X/Y is approximately .5 or less.

. A method for communicating through a channel with an upstream transmitter that is capable of transmitting a data
signal at a frame rate T, and a data rate Y, the method comprising the steps of:
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receiving said data signal; and
sampling the data signal and converting it to a digital signal; and
processing the digital signal at a data rate <=X and using said frame rate T, where X is determined prior to ini-
tialization of a data transmission and X < Y/2; and
generating a transmission control signal for causing said upstream transmitter to transmit at a data rate no
greater than X during a data transmission.

. The method of claim 49, wherein the control information transmitted to the upstream transceiver includes feedback
information indicating that the maximum downstream data transmission data rate is X, even during times when said
channel is capable of supporting more than said data rate X.

. The method of claim 49, wherein the feedback information including the data rate X can be controlled by a user of
such system.

. The method of claim 49, wherein said rate X is determined during a calibration routine.

. The method of claim 49, wherein said rate X is configurable by a user of such receiver based on performance char-
acteristics of a host processor comprising a portion of the processing circuit.

. A method of operating a high speed communications system that is coupled through a channel to an upstream
transceiver operating at a maximum data rate Y using a bandwidth F, said method comprising:

(a) receiving an analog initialization signal having a bandwidth F from the upstream transceiver through the
channel; and
(b) generating a digital signal based on sampling a portion of the analog data transmission signal correspond-
ing to a first frequency bandwidth portion f1, where f1 <F; and
(c) processing the digital signal to extract data from the digital signal such that an effective receiving rate X
(where X<Y) is achieved by the system;
(d) generating feedback information pertaining to the channel transmission characteristics indicating to the
upstream transceiver that data rates higher than X should not be used;
(e) thereafter recieving an analog data signal transmitted by the upstream transceiver to have a bandwidth f1 ;
(f) repeating steps (b) and (c).

. The method of claim 54, further including a step prior to step (a): receiving a control signal from a user of such sys-
tem for determining the effective receiving rate X.

. The method of claim 54, further including a step: determining an optimal bandwidth portion f1 so as to minimize the
amount of processing required to extract the data from the digital signal at the receiving rate X.

. A high speed communications transceiver for communicating with an upstream transceiver transmitting an analog
data transmission signal using M data carrying signals within a bandwidth F through a channel to said system, said
transceiver comprising:

a channel interface circuit for coupling to and receiving said analog data signal from the channel; and
a front end receiving circuit for sampling the analog data signal and generating a digital signal based on such
analog data signal, the digital signal including data from a first frequency bandwidth portion f1 of said band-
width F containing N data carrying signals, where N<M; and
a bus interface circuit for transmitting the digital signal to a host processing device; and
wherein the system's performance, including data rate, can be scaled based on modifications to said front end
receiving circuit or said host processing device so that a the sampling of the analog data signal can be
increased, and the first frequency bandwidth portion f1 can also be expanded.

. The system of claim 57, wherein the front end receiving circuit includes a filter for passing thefirst frequency band-
width portion f‘l of said bandwidth F; (ii) and an analog to digital converter.

. The system of claim 58, wherein when the modifications include additional bandpass filters for increasing the first
frequency bandwith portion from f1 to f2, where F > f2 > f1, the number of data carrying signals is increased from
N to N+P, where P = f2/f1*N , and N+P< M.
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. The system of claim 57, wherein the modifications include adding an additional number of front end circuits k in the
system each with a bandpass frequency ft to result in N*k data carrying signals being included within the digital
signal.

. The system of claim 57, wherein the first frequency bandwidth portion H is programmable.

. The system of claim 57, further including a front end transmitting circuit for transmitting control information to cause
said upstream transceiver to transmit downstream data only using the N data carrying signals.

. The system of claim 62, wherein the control information transmitted to the upstream transceiver includes feedback
information from the host processing device indicating to the upstream transceiver that only N of the M data carry-
ing signals are desirable for downstream data transmission, even if said channel is capable of supporting more than
N data carrying signals.

. The system of claim 63, wherein the front end transmitting circuit transmits an upstream data transmission using a
second frequency bandwidth F2 and L upstream data carrying signals, and where L < M.

. The system of claim 57, further including a host processor circuit in the host processing device for extracting
selected data from the N data carrying signals.

. The system of claim 65, wherein host processor circuit includes a host microprocessor, a programmable memory
coupled to the microprocessor, and a data extraction routine located in the memory which can be executed by the
microprocessor.

. The system of claim 66, wherein the modifications include upgrading said host processing circuit to include addi-
tional signal processing power for processing an additional number of data carrying signals.

. A method of operating a high speed interface between an upstream transceiver and a host processing device at a
target data rate, said method comprising:

(a) receiving an analog initialization signal having a bandwidth F from the upstream transceiver through a com-
munications channel; and
(b) generating a digital signal based on sampling a portion of the analog initialization signal corresponding to
a first frequency bandpass portion f1;
(c) transmitting the digital signal to said host processing device so that characteristics of data carrying signals
contained within first frequency bandpass portion ft can be determined, and a number of such data carrying
signals can be configured for use by said host processing device to achieve said target data rate; and
(e) generating feedback information indicating to the upstream transceiver that bandwidth other than the first
frequency bandpass f1 should not be used for data transmission; and
(f) receiving an analog data transmission signal having a bandwidth ft from said upstream transceiver; and
(g) generating a digital signal based on sampling the analog data transmission signal; and
(h) transmitting the digital signal to the host processing device so that it can be processed to extract selected
data from the data carrying signals;
(i) when a data rate increase is required, expanding the first frequency bandpass portion fl and returning to
step (a).

69. The method of claim 68, further including a step of: determining an optimal size and location of first frequency
bandpass portion f1 so as to minimize the amount of processing required by said host processing device to extract
the data from the digital signal.

. The method of claim 68, wherein the ratio of ft to F is approximately .5 or less, and a data rate of such interface is
controlled by controlling this ratio.

. The method of claim 68 wherein the analog data transmission is comprised of M modulated sub-channels within
bandwidth F. and the selected data is contained in N of the M sub-channels within first selected frequency band-
pass portion f1, where N < M.

72. The method of claim 68, further including a step: determining an optimal set of N sub-channels so as to minimize
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the amount of processing required to extract the data from the digital signal.

. The method of claim 68, further including a step wherein protocol information pertaining to standards applicable to
Asymmetric Digital Subscriber Loops is transmitted by the upstream data transceiver so as to set up a ADSL com-
patible data link.

. The method of claim 68, wherein during step (i) the first frequency bandpass portion f1 is increased by the use of
additional bandpass filters for increasing the first frequency bandwith portion from f1 to f2, where F > f2 >11, so that
the selected data is received at an increased rate equal to approximately f2/f1.
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(54) Adaptive bit swapping between channels of a discrete multitone system

(57) An adaptive bit swapping method and device are provided. The method includes the steps of (a)
initializing (200) the DMT system to transmit the data via the channel in a steady state; (b) selecting (204) a
frame (400) having an inserted sync block from a frame structure of the transmitted data: ic) calculating (210)
the signal-to-noise ratios (SNRS) of respective sub-channels of the selected frame; id) calculating (214) a first
difference value between the present representative SN Rs calculated in step (cl and the previous
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first difference values of the respective sub-channels: (f) obtaining a second difference value being a difference
between the maximum value and the minimum value; (g) determining (218) whether the second difference
value is equal to or greater than the predetermined threshold value; and (h) correcting (220) bit and power
assigning tables of a transmitter and a receiver if the second difference value is greater than or equal to the
threshold value. In addition, the bit and power assigning tables can be corrected accurately since bits and
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ADAPTIVE BIT SWAPPING METHOD AND DEVICE
FOR DISCRETE MULTITONE SYSTEM

The present invention relates to a discrete multitone

(DMT) system, and more particularly, to an adaptive bit

swapping method and device for a DMT system, which adjust

the number of bits and power assigned to each sub-channel

according ix: channel characteristics varied during data

transmission.

A multigarrier is generally used in a DMT system to

use a channel efficiently for transmitting data. Basically

in multicarrier modulation. several carrier-modulated

waveforms are overlapped to represent an input bit stream.

A multicarrier transmission signal is the composite of M

independent sub-signals or sub—channe1s, each having the

same bandwidth of 4.3125KHz and respective main frequencies

of fi (i=1, 2, 3,...M). These sub-signals are Quadrature

Amplitude Modulation (QAM) signals. When data is

transmitted at a high speed via an inferior transmission

path such as a copper line, the DMT system enables the data

to be transmitted at 6Mbps or above, thus offering a good

service. In this DMT system using several carriers, the

number of bits and power of each channel depending on its

signal—to-noise ratio (SNR) are assigned to each sub-

channel in the initialization of the system.

Changing the number of bits and power assigned to each

sub—channel according to its SNR, which is varied without

an interruption in a data stream in a data transmission

mode, is referred to as bit swapping. Bit swapping is used

1
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in an Asymmetric Digital Subscriber Line (ADSL) service

employing the DMT system to reduce an error probability of

transmission data.

Channel characteristics vary gradually with time in

most systems, and frequency response characteristics of an

ADSL loop vary gradually with temperature. Therefore, a

channel model determined in the initialization of a system

should. be changed according to the frequency response

characteristics.

A conventional method for allocating bits to a sub-

channel will be described as follows.

A transmitter terminal as well as a receiver terminal

by adaption can operate according to the essential concept

of a bit allocating method which has been proposed in a

dissertation submitted to the Department of Electrical

Engineering and the Committee on Graduate Studies of

STANFORD University in partial fulfillment of the

requirements for the Degree of Doctor of Philosophy, May

1993, entitled “BANDWIDTH OPTIMIZED DIGITAL TRANSMISSION

TECHNIQUES FOR SPECTRALLY SHAPED CHANNELS WITH IMPULSE

NOISE", by Ronald R. Hunt and P.S. Chow. Details of the

bit allocating method there described are as follows:

1. the steady state mean square errors(MSE)'s of all

used sub-channels are monitored, where these error values

are differences between inputs and outputs of a slicer;

2. it is determined continuously whether the

difference between a naximum error value and a ndnimum

error value is a predetermined threshold value (generally
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3dB) or above, and if the difference is the threshold value

or above, the procedure goes to the subsequent step;

3. the bit number of a value in a bit allocation

table for a sub—channel having the maximum error value is

decreased by 1, while the hit number of a value in a bit

allocation table for a sub—channel having the minimum error

value is increased by 1;

4. the minimum error is doubled, while the maximum

error is halved;

5. the slicer settings for two sub-channels whose bit

values are changed are adjusted; and

6. the bit swapping information is sent back to a

transmission part.

The initial number of bits allocated to a sub~channel

is determined according to an SNR measured during an

initialization in an ADSL DMT system. However, the above

bit allocation method exhibits the drawback that an

incorrect bit swapping may be performed, since an MSE value

may be increased due to an error, such as a burst error

when data is examined in a reception part, or a frequency-

domain equalizer (FEQ) error which can affect MSE in a

steady state.

To circumvent the above problems, it is first object

of the present invention to provide an adaptive bit

swapping method for a DMT system in which bits allocated to

each sub-channel are swapped in a transmission unit

according'to an actually measured SNR.

It is second object of the present invention to
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provide an adaptive bit swapping device for a DMT system.

To achieve the first object, there is provided an

adaptive bit swapping method in a discrete multitone (DMT)

system for an asymmetric digital subscriber line (ADSL)

which has a transmitter for encoding and converting data to

be transmitted via a channel, and a receiver for restoring

the transmitted data to the original form by conversion and

decoding, said method comprising the steps of: (a)

initializing said DMT system to transmit said data via said

channel in a'§teady state; (b) selecting a frame having an

inserted sync block from a frame structure of said

transmitted data; (c) calculating the signal—to-noise

ratios (SNRS) of respective sub-channels of said selected

frame; (d) calculating first difference value between the

present representative SNRs calculated in step (c) and the

previous representative SNRS of each sub—channel; (e)

selecting a maximum value and minimum value among the first

difference ‘values of said respective sub-channels; (f)

obtaining the second difference value between said maximum

value and said minimum value; (g) determining whether said

second difference value is equal to or greater than the

predetermined threshold value; and (h) correcting bit and

power assigning tables of a transmitter and a receiver if

said second difference value is greater than or equal to

said threshold value. —

To achieve the second object. there is provided an

adaptive bit swapping device functioning as a receiver for

restoring the transmitted data to the original form by
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conversion and decoding, said device being included in a

discrete multitone (DMT) system for an asymmetric digital

subscriber line (ADSL) which has a transmitter for encoding

and converting data to be transmitted via a channel, said

device comprising: A/D converting means for converting said

analogue data signal received via said channel into a

digital signal; time-domain equalizing means for receiving

said digital signal and reducing a guard band used to

remove an interblock interference; fast — Fourier

transformingfitfieans for receiving the output of said time-

domain equalizing means and demodulating said data signal

modulated in said transmitter; frequency-domain equalizing

means for receiving the output of said fast Fourier

transforming means and compensating for a phase error of

each sub-channel; SNR measuring means for selecting a frame

having an inserted sync block from a frame structure of

said transmitted data, calculating the signal-to—noise

ratios (SNRs) of respective sub-channels of said selected

frame, calculating first difference value between the

present representative SNRs calculated above and the

previous representative SN'Rs of each sub-chazmel, selecting

a maximum value and minimum value among the first

difference values of said respective sub-channels,

obtaining the second difference value between said maximum

value and said minimum value, determining whether said

second difference value is equal to or greater than the

predetermined threshold value and outputting to a

transmitter and a receiver the signal used for correcting
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bit and power assigning tables of a transmitter and a

receiver; and decoding means for receiving the outputs of

said SNR measuring means and said frequency-domain

equalizing means, resetting a slice value, and decoding

said reset slice value.

Specific embodiments of the present invention are

described in detail below, by way of example, with

reference to the attached drawings, in which:

FIG. 1 is a block diagram of a conventional basic DMT

system; &‘

FIG. 2 is a flow-chart of a bit swapping method for a

DMT system according to an embodiment of the present

invention;

FIG. 3 is a block diagram of a receiving unit in a DMT

system for performing the method of FIG. 2 according to an

embodiment of the present invention; and

FIG. 4 illustrates the structure of a superframe based

on "ADSL standards", which is transmitted in a steady

state.

An adaptive bit swapping method and device for a DMT

system according to an embodiment of the present invention

will be described below, with reference to the attached

drawings.

A conventional basic DMT system shown in FIG. 1 has a

transmitter 100 including an encoder 104, an inverse fast

Fourier transformer (IFFT) 106 and a digital/analogue (D/A)

converter 108, a receiver 102 including an analogue/digital

(A/D) converter 110, a fast Fourier transformer (FFT) 112
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and a decoder 114, and a transmission path (a transmission

channel or a channel) 116. A. DMT system for an ADSL

transmits a signal via 256 individual channels each having

a 4KHz bandwidth. The encoder 104 of the transmitter 100 in

the DMT system shown in FIG. 1 simply receives data

sequences via an input terminal IN (the accurate number of

bits depends on a data rate and an overhead) and allocates

the input data sequences to a multitude of sub-channels.

The IFFT 106 produces a plurality of time based samples

having sever5l real number values from an encoded value.

The D/A converter 108 converts a plurality of the received

time based samples into an analogue signal suitable for

transmission via a copper line, and transmits the analogue

signal to the A/D converter 110 via the transmission path

115.

The receiver 102 performs the operations of the

transmitter 100 in a reverse order. The receiver 102

consists of three components for performing time recovery,

filtering, and channel check functions, respectively.

An adaptive bit swapping device for a DMT system

according to an embodiment of the present invention is

shown in Fig.3 and includes an A/D converter 300, a time-

domain equalizer (TEQ) 302, an FFT 304, a frequency-domain

equalizer (FEQ) 306, a decoder 308, and an SNR measurer

310. -

Referring to FIG. 2, showing an algorithm for a bit

swapping method for a DMT system according to an embodiment

of the present invention, when the DMT system is activated
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to transmit data, it is initialized with regard to the

channel conditions of the transmitter and receiver, in step

200. The initialization is divided into activation &

recognition, transceiver training, and channel analysis &

exchange. The initialization in the embodiment of the

present invention is especially concerned with channel

analysis, since the SNR of each sub-channel of a channel

formed between the transmitter and the receiver is measured

and the number of bits and power are assigned according to

the variationgin the measured SNR. When the DMT system is

placed in a steady state after the initialization, data

transmission begins, in step 202.’

FIG. 4 illustrates the structure of a superframe of

data transmitted in a steady state, which is determined by

"ADSL standards". Referring to FIG. 4, a sync(ronization)

symbol 400 used to restore the synchronization of the data

without reinitialization when the data are affected by an

instantaneous interrupt is inserted in a frame 68 of frames

0-68.

In step 204, frame 68 alone is selected after step 202

in the embodiment of the present invention, whereas all

frames among the 68 frames shown in FIG. 4 are selected to

obtain MSEs in the prior art. In step 206, the signal PSD

of each sub—channel is measured by a deterministic least

sequence (DLS) method, after step 204. The DLS method

indicates that known sequence values received. from the

transmitter via the channel are accumulated and averaged.

A channel response free of random noise can be achieved by
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this method, and the signal PSD of each sub-channel can be

achieved by fast Fourier transforming the channel response.

In step 208, the noise PSD of each sub-channel is measured

by a Welch method after step 206. After step 208, the SNR

of each sub-channel is obtained from the measured signal

PSD and. noise PSD in step 210. After step 210, it is

determined whether the obtained SNR is the Nth SNR of each

sub-channel or not in step 212. Here, N is a predetermined

number(50~150). Steps 206-210 should be performed

repeatedly £3} series of N sequent superframes because a

plurality of sync frames 68, each pattern of which is

known, is needed in order to accurately measure the SNR of

each sub—channel.

If N SNRs for each sub-channel are obtained, then

firstly, the representative SNR(SNRflw) of each sub-channel

is obtained by averaging the N SNRS. Then, the difference

value(or first difference value) between the presently

obtained SNR,w and the previously obtained SNRn is

calculated for each sub-channel. By a method similar to

that described above, all first difference values for all

sub—channels are obtained in step 214.

The maximum and the minimum values among the first

difference values calculated in step 214 are selected in

step 216. After step 216, the second. difference value

between the maximum value and the minimum .value is

calculated and it is determined whether _the second

difference value is a predetermined threshold value(around

3 DB) or not in step 218. If the second difference value is
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smaller than the threshold value, the procedure feeds back

to step 204, and if it is equal to or greater than the

threshold value, the bits and power assigned to a

corresponding sub—channe1 in a transmitter are swapped.

That is, the number “of bit of a sub—channel having a

minimum value is assigned to sub—channel having a maximum

value. Thus, the corresponding parameters (a bit number and

power table) should be changed to enable a receiver to make

an accurate decision, in step 220. In step 222, it is

determined whether the DMT system is off after step 220.

If it is not off, the procedure feeds back to step 204, and

if it is off, the bit swappingi method of the present

invention ends.

Since the bit swapping only takes place once after at

least one superframe has been transmitted (17msec is

required‘for one superframe transmission), a long time is

required for the bit swapping. However, even though the

channel changes during the time required for the bit

swapping, this method can be used because a channel changes

very slowly, for example by temperature, etc.

Fig.3 shows a device for performing the above-

described method. The A/D converter 300 converts an

analogue signal received via an input port IN into a

digital signal. The TEQ 302 receives the digital signal

from the A/D converter 300 and reduces a guard band used to

remove an interblock interference (IBI) produced due to

characteristics of a DMT system. For this purpose, a

finite impulse response filter (FIR) may be used as the TEQ

10
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302. The FFT 304 receives the signal output from the TEQ

302 and performs a demodulation corresponding to a

modulation of the transmitter. Thus, the FFT 304 serves as

a demodulator corresponding to the IFFT 106 of FIG. 1. The

FEQ 306 is a filter for receiving the output of the FFT 304

and compensating for a phase error of each sub-channel.

Meanwhile, the SNR measurer 310 of FIG. 3 receives the

output of the A/D converter 300 and performs the steps 204-

220 described in Fig.2. The SNR. measurer 310 can be

achieved inéflterms of software in a digital signal

processor. After processing step 218 shown in Fig.2, the

SNR measurer 310 outputs the control signal for bit

swapping to the transmitter via an output port OUT1 to

correct a bit allocation table at a transmitter, and the

measured SNR of each sub—channel is output to the decoder

308. The decoder 308 receives the outputs of the SNR

measurer 310 when frame 68 is input, and the output of the

FEQ 306 when any frame among frames 0 - 67 is input,

decides a slicer value, decodes the reset slicer value, and

outputs the decoded value via an output port OUT2.

As described above, in the adaptive bit swapping

method and device of embodiments of the present invention

in the DMT system, the method for comparing SNRS is added

to an SNR measuring method used in a conventional process

of initialization. The adaptive bit swapping device

selects only frame 68 from each superframe, thereby

simplifying a conventional complex hardware construction

using all frames. Furthermore, in the adaptive bit swapping

11
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method, more accurate swapping information for changing the

number of bit and corresponding power can be transmitted to

a transmitter than in the conventional method depending on

an MSE, since an actually measured SNR value on a frame 68

is used when the assigned hit number and the assigned

quantity of power are changed according to a channel

variation .
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