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REPORT ON THE

TO‘ Mail Stop 8' 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. § lilo you are hereby advised that a court action has been
filed in the US. District Court District of Delaware on the following

E] Trademarks or M Patents. ( El the patent action involves 35 U.S.C. § 292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT15—cv-816-RGA 7/17/2015 District of Delaware
PLAINTTFF DEFENDANT
TQ Delta, LLC Verizon Communications Inc, Verizon Services Corp.. VerizonOnline LLC, Verizon Business Network Services lnc., Verizon

Delaware LLC, and Verizon information Technologies LLC

PATENT OR DATE or PATENTTRADEMARK NO. OR TRADEMARK HOLDER or PATENT on TRADEMARK
* Semached —

  

   

 

   

 

  
 
 
  
 

 

   

   

   
 

 
 

  
 

  

  

 
 

DATE lNgl..UDED INCLUDED BY9/2015 Amendment El Answer B Cross Bill [I Other Pleading
PATENT OR DATE OF PATENT .TRADEMARK NO‘ OR TRADEMARK HOLDER OF PATEN 1' OR TRADEMARK

 

1 US 9,094,268 B2 TQ Delta, LLC

(BY) DEPUTY CLERK

Copy 1-—Upon initiation of action. mail this copy to Director Copy 3-Upnn 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

COMCAST-1002 (Part 1 of 2)

Comcast Cable Communic t' L|_ T
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Comcast Cable Communications LLC, et. al. v. TQ Delta
Page 1 of 519

jxs100
Typewritten Text



Page 2 of 519

Case 1:15—cv—00616—RGA Document 8 Filed 09/09/15 Page 2 of 2 Page|D #: 280

PATENT OR DATE OF PATENT ,TRADEMARK NO‘ OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
US 6,961,369 B1 ji
Us 8,718,158 B2  TQ Delta, LLC
Us 9,014,243 B2  TQ De1ta,LLC
US 7,835,430 B2  
Us 8,238,412 B2  TQ Delta, LLC
US 8,432,956 B2  TQ Delta, LLC
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 PageID #: 262
AO120(Rev U8/l0

Mail Stop 3 REPORT ON THE
FILING OR DETERMINATION OF AN

TO: Director of the U.S. Patent and Trademark Office ACTION REGARDING A PATENT ORP.O. Box 1450

Alexandria, VA 22313-1450 TRADEMARK

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

filed in the US. District Court District of Delaware
MPatents. ( [I the patent action involves 35 U.S.C. § 292.):E] Trademarks or

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

PLAINTIFF DEFEN DANT
TQ Delta, LLC Time Warner Cable Inc. and Time Warner Cable

PATENT OR DATE OF PATENT . . .TRADEMARK NO. OR TRADEM ARK HOLDER OP PATEN I OR TRADEMARK

In the aboVe-entitled case, the following pa1ent(s)/ trademark(s) have been included:

DATE INCLUDED BY Amendment El Answer [I Cross Bill 1: Other Pleading

TRI‘:’]:‘)f5E/1lT;I)(RN0_ 12)’},\T.lr?R(fD‘;"hIfi§l: HOLDER OF PATENT on TRADEMARK

In the aboy e——emit1ed case, the following decision has been rendered or judgement issued:

(BY) DEPUTY CLERK

Copy I-—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——C‘dSE file copy
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Case 1:15-cv—00615-RGA Document 8 Filed 09/09/15 Page 2 of 2 Page|D #: 263

PATENT 0R DATE OF PATENT , ,,TRADEMARK NO HOLDER 01 PATEN 1 OR TRADEMARK
Us 6,961,369 B1  TQ Delta, LLC
US8,718,158B2 Ti
US 9.0141243 B2 Ti
118 718351430132 Ti
Us 8,238,412 132  TQ Delta, LLC
US 8,432,956 132  TQ Delta, LLC
US 86111404132 
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15 Page 1 of 1 PagelD 721
Case 6:14—cv—O1027—ACC—KRS Document 73 Filed 09/09/

A0 [20 (Rev. 08/10)

TO Mail Stop 8 REPORT ON THE' 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

ll 16 you are hereby advised that a court action has been
In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § on the following

filed in the US. District Court Middle District of Florida, Orlando Division
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 Division
PLAINTIFF DEFENDANT

Orlando Communications LLC LG Electronics, lnc., et al

PATENT OR DATE OF PATENT .TRADEMARK
1 5,68‘/,1296  James Arthur Proctor, Jr., James Carl Otto
2 6,0009,553 12/28/0199 Dennis Martinez, Thomas Hengeveld, Michael Axford

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

E] Amendment

IIOLDER OF PATENT OR TRADEMARK

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

Order of Dismissal

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

to Director Copy 3——IIpon 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 patent(s),
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Case 6:14-ev-01026—ACC-KRS Document 75 Filed 09/09/15 Page 1 of 1 PagelD 749
A0 120 (Rev. 03/10

REPORT ON THE

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

Alexandria, VA 223 13-1450 TRADEMARK

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the US. District Court Middle District of Florida, Orlando Division on the following

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

DOCKET NO. DATE FILED U.S. DISTRICT COURT6:14—cv—1 026 6/26/2014 Middle District of Florida, Orlando Division
PLAINTIFF DEFENDANT

Orlando Communications LLC LG Electronics, lnc., et al

HOLDER OF PATENT OR TRADEMARKPATENT OR DATE OF PATENT
TRADEMARK NO, OR TRADEMARK

1 5.687,12Q6  James Arthur Proctor, Jr., James Carl Otto
2 6,0009,553 12/28/0199 Dennis Martinez, Thomas Hengeveld, Michael Axford

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

D Amendment

HOLDER OF PATENT OR TRADEMARK

In the above—entit1cd case, the following decision has been rendered or judgement issued:
DECISION/JU DGEMBNT

Order of Dismissal

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

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 6:14—cv-01028—ACC-KRS Document 84 Filed 09/09/15 Page 1 of 1 PagelD 790

REPORT ON THE

TO_ 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

In Compliance with 35 U.S.C. § 290 andfor 15 U.S.C. § 1 116 you are hereby advised that a court action has been
filed in the us. District Court Middle District of Florida, Orlando Division on the following

D Trademarks or MPatents. ( El 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 Division
PLAINTIFF DEFENDANT

Orlando Communications LLC HTC Corporation, et al

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

1 5,687,1296  James Arthur Proctor, Jr., James Carl Otto
2 6,0009,553 12/28/0199 Dennis Martinez, Thomas Hengeveld, Michael Axford

In the above—cntit1ed case, the following patent(s)/ tradem ark(s) have been included:
INCLUDED BY

HOLDER OF PATENT OR TRADEMARK

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

Order of Dismissal

(BY) DEPUTY CLERK DATE
R. Olsen

CLERK

Sheryl Loesch

9/9/2015

Copy }——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~U pun filing document adding patcnt(s), mail this copy to Director
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Case 1:15-cv—00616—RGA Document 3 Filed 07/17/15 Page 1 of 2 PagelD #: 121
A0 l20 Rev, 08/10)

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

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

T0:

in Compliance with 35 U.S.C. § 290 and/or 15 USC. § ll 16 you are hereby advised that a court action has been

filed in the USE District Court District of Delaware on the following

|:| Trademarks or M Patents. ( [I the patent action involves 35 U.S.C. § 292.): W

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

PLAINTIFF DEFENDANT

TQ Delta, LLC Verizon Communications Inc., Verizon Sen/ices Corp., Verizon
Online LLC, Verizon Business Network Services Inc., Verizon
Delaware LLC, and Verizon Information Technologies LLC

PATENT OR DATE OF PATENT

TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

1 See Attached

2

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

U Amendment [:J Answer [:1 Cross Bill ['_'J Other Pleading

To HOLDER OF PATENT OR TRADEMARK
1

_—
——

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

(BY) DEPUTY CLERK

Copy 1—Upun 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 1:15—cv-O0616—RGA Document 3 Filed 07/17/15 Page 2 of 2 PageID #: 122

PATENT OR DATE OF PATENT .

TRADEMARK NO‘ OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 US 6,961,369 B1 11/1/2005 TQ Delta, LLC

2 US 8,718,158 B2 5/6/2014 TQ Delta, LLC

3 US 9,014,243 B2 4/21/2015 TQ Delta, LLC

4 US 7,835,430 B2 11/16/2010 TQ Delta, LLC

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 12/17/2013 TQ Delta, LLC



Page 10 of 519

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

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

P.0. Box I450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK

T0:

In Compliance with 35 U.S.C. § 290 and/or I5 U.S.C. § 1 I I6 you are hereby advised that a court aclion has been
filed in the U.S. District Coun Delaware on the following

[I Trademarks or M Patents. ( C] the patent aclion invo|7\;res"3r.’; .7
DOCKET NO. DATE FILED U.S. DISTRICT COURT

9/4/201 3 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

In the above—entit1ed case. the following palenl(s)/ trademark(s) have been included:
DATE INCLUDED INCLUDED BY

L] Amendment [:1 Answer B Cross Bill D Other Pleading

TRl:3E;':TRi'§O %’;TfR‘:FD';’;4TB:l{ HOLDER or PATENT OR TRADEMARK

--
—
_
—
—

(BY) DEPUTY C RK
Coun

' 3 g :41’. I
VWm.in. ton. DEL'1,9BO1 , . . . .

Copy I—Upon lI'lI nation of action, IIIIII this copy to Director opy 3-Upon lermmatlon ofaction, mail this copy to Director
Copy 2-Upon filing document adding patenl(s), mail 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 court action has been

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

DOCKET NO. DATE FII7I;lP7’2m5 U.S. DISTRICT COURT Massachusetts
PLAINTIFF DEFENDANT

BOSTON PROPERTIES LIMITED PARTNERSHIP CLAUDETTE MOUSSA,
d/b/a Boston Properties Advisors

PATENT OR DATE OF PATENT

1 2,527,181 1/8/2002 BOSTON PROPERTIES LIMITED PARTNERSHIP

T

T

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

G Amendment G Answer G Cross Bill G Other Pleading
PATENT OR DATE OF PATENT

MARK NO. DR TRADEMARK HOLDER OF PATENT OR TRADEMARK

——
——

——

In the abuve—enIitled case, the following decision has been rendered orjudgement issued;

DECISION/JUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy 1~Upon initiation of action, mail this copy to Director Copy kUpon termination of action, mail this copy to Director
Copy 2—Upon filing document adding patent(s), mail this copy to Director Copy 4vCasu File copy
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Case 1:15—cv—O0l21—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 USC. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
filed in the US. District Court Transferred to Delaware from Alabama on the following

E] Trademarks or MPatents. ( [:1 the patent action involves 35 U.S.C.’§ 292.);

DOCKET N(). DATE FILED U .S. DISTRICT COURT
15-cv-121-RGA 7/17/2014 Transferred to Delaware from Alabama

PLAINTIFF DEFENDANT

ADTRAN, lnc. TQ Delta, LLC

PATENT OR DATE OF PATENT V . . . .

TRADEMARK NO. OR TRADEMARK HOLDER or PA 1 IN I OR TRADEMARK
1 See Attachment #1 —
—
—
—
-

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

DATE INCLUDED INCLUDED BY

3/13/2015 :] Amendment m Answer I] Cross Bill [I Other Pleading

TR3:‘I§g‘/TRl(:RNO 1?j:T§R(:FJ)II’£4TAf31I:l: HOLDER or PATENT OR TRADEMARK
I See Attachment #2

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

DECISION/IUDGEMENT

(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-———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 #2 1559

Attachment #1

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

1.U.S. 7,453,881 B2 11/18/2008 TQ Delta, LLC

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

3.U.5. 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.S. 6,445,730 B1 9/03/2002 TQ Delta, LLC

6.U.S. 7,292,627 B2 1 1/6/2007 TQ Delta, LLC

7.U.S. 7,451,379 B2 11/11/2008

8.U.S. 7,471,721 B2 12/30/2008

TQ Delta, LLC

TQ Delta, LLC

9.U.S. 7,570,686 B2 8/4/2009 TQ Delta, LLC

10 . U.S. 7,831,890 B2 11/09/2010 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. U5.Z844882B2 11/30/2010 TQ Delta, LLC

14. U.S. 7,889,784 B2 2/15/2011

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

TQ Delta, LLC

TQ Delta, LLC

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

17. 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.

22.

U.S. 8,238,412 B2

U.S. 8,276,048 B2

08/07/2012

09/25/2012

TQ Delta, LLC

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

TQ Delta, LLC

TQ Delta, LLC
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Case 1:15—cv—OOl21-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 lTQ Delta, LLC

. U.S. 8,462,835 B2 6/11/2013 TQ Delta, LLC

. U.S‘ 8,495,473 B2 7/23/2013 TQ Delta, LLC

. U.S. 8,516,337 B2 O8/20/2013 TQ Delta, LLC
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Case 1:15-cv—00121-RGA Document 42 Filed 03/13/15 Page 4 of 4 PageID #: 1561
Attachment #2
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Case 1:14—cv-00954-UNA Document 3 Filed 07/17/14 Page 1 of 2 PagelD #1 592

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 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEIVIARK

In Compliance with 35 U.S.C. § 290 and/or I5 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

[I Trademarks or M Patents. ( D thepatentoction iiivolyes U.S.C. § 592.);

DOCKET NO. DATE FILED U.S. DISTRICT COURT
7/18/2014 District of Delaware

PLAINTIFF DEFENDANT

TQ Delta, LLC ADTRAN, Inc.

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

1 See Attached

DATE INCLUDED TNCLUDED BY
LI Amendment [I Answer [I Cross Bill C] Other Pleading

TR:\’$[T_::3A1‘['\TRJO<RN0 ' * 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—Upon filing document adding patcnt(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 PageID #: 593

PATENT OR DATE OF PATENT

TRADEMARK NO. OR TRADEMARK

US 8,090,008 B2 1/3/2012

US 8,073,041 B1 12/6/2011

US 7,292,627 B2 11/6/2007

US 7,471,721 B2 12/30/2008

US 8,218,610 B2 7/10/2012

US 8,355,427 B2 I/15/2013

US 7,453,881 B2 11/18/2008

US 7,809,028 B2 10/5/2010

L S 7,978,706 B2 7/12/2011

'S 8,422,511 B2 4/16/2013

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

S7,835,430 B2 11/16/2010

LS 7,570,686 B2 8/4/2009

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

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

US 7,451,379 B2 11/l 1/2008

US 8,516,337 B2 8/20/2013

US 7,979,778 B2 7/12/2011

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

0 LS 8,462,835 B2 6/11/2013

US 8,594,162 B2

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

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

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

25 LS 8,437,382 B2 5/7/2013

26 LS 7,836,381 B] 11/16/2010

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

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

29 US 8,495,473 B2

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

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

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

HOLDER OF PATENT OR TRADEMARK

TQ Delta, LLC

TQ Delta, LLC

'l‘Q Delta, LLC
T Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

>-"—‘—-\OoO\lO\UI-I>bJI\)o—I
N-—-O F‘F‘

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

153 (-

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

[\)|\)|\)>-4>—-—4>—- N>—-ooxlowuu
FTC

TQ Delta, LLC

TQ Delta, LLC

TQ Delta, LLC

TQ Dclta, 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-Ol83S—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 Farnan, 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: 1:13—cv-01835—RGA

Filer:

Document Number: 1

Docket Text:

Report to the Commissioner of Patents and Trademarks for PatentITrademark 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. Faman bfarnan@farnan1aw.com, tfarnan@farnan1aw.com

Michael J. Faman mfarnangafifarnanlawcom, 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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From: ded_nefreply@ded.uscourts.gov

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

Subject: 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 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 5:07PM 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 PatentITrademark 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. Farnan bfaman@fa.manlaw.com, tfarnan@faman1aw.com

Michael J. Faman mfarnan@faman1aw.com, tfarnan@farnanlaw.com

1:l3~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 #: 504
A0 120 (Rev. 08/10)

Mail Stop 8 REPORT ON THE
T0" 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

In Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § lll6 you are hereby advised that a court action has been
filed in the US. District Court District of Delaware on the following
Trademarks or IZPatents. h( 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.

HOLDER OF PATENT OR TRADEMARK

Idment El Answer |:l Cross Bill j Other Pleading

PATENT OR DATE OF PATENT HOLDER OF PATENT OR TRADEMARK

DATE INCLUDED INCLUDED BY
D Amei

NO

In the abovc—entilled case, the following decision has been rendered or judgement issued:

DECISION/TU DGEMENT

(BY) DEPUTY cl ,F.RK

Copy I—Up0n initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2-Upon tiling document adding patent(s), mail this copy to Director Copy 4——Case file copy



Page 21 of 519

Case 1:13—cv-02013-UNA Document 3 Filed 12/09/13 Page 2 of 2 PageID #: 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

US 7,809,028 B2

US 7,978,706 B2

10 US 8,422,511 B2

US 7,796,705 B2

12 US 7,889,784 B2

US 7,835,430 B2

14 US 7,570,686 B2

US 8,238,412 B2

16 US 8,432,956 B2

US 7,451,379 B2

18 US 8,516,337 B2

19 US 7,979,778 B2

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

11/18/2008

9/14/2010

8/4/2009

8/20/2013

6/18/2013

HOLDER OF PATENT OR TRADEMARK

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

'1‘Q Delta, LLC

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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A0120 Rev 08/10

Mail Stop 8 REPORT ON THE
TO: 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 court action has been
filed in the U.S. District Court Northern District of Texas, Dallas Division on the following

M Trademarks or I:I 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 DivisionDEI-FNDANT

De Boulle Diamond & Jewelry Inc

PATENT OR DATE OF PATENT .
TRADEMARK NO. OR TRADEMARK IIOLDER 01- PATENT OR TRADEMARK

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

_—
_—
——

In the above wntifled case, the following patent(s)/ tradernaIk(s) have been included:

DATE INCLUDED BY M Amendment :1 Answer El Cross Bill C} Other Pleading
PATENT OR DATE OF PATENT .

TRADEMARK N0. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 3,078,625 4/11/2006 De Boulle Diamond 8. Jewelry Inc

De Boulle Diamond & Jewelry Inc
_—
_—
—

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

CLERK (BY) DEPUTY CLERK DATE
Karen Mitchell s/A. Lowe-Monserrate 12/10/2013

Copy l—Upon initiation of action, mail this copy to Director Copy &—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-O1835—UNA Document 3 Filed 11/04/13 Page 1 of 2 PagelD #: 286

A0 120 (Rev. 08/10)

Mai] 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 l5 U.S.C. § I I 16 you are hereby advised that a court action has been
filed in the U.S. Disuict Court District of Delaware on the following

El 'l'rade111arks or [2 Patents. ( [I the patent action involves 35 U.S.C. § 292.):

DO(‘Kl<L'l‘ N0. 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 .

TR/\l)l-LM/\RK NO. OR TRADEMARK HOLDER OF PAHNT OR TRADEMARK

1 See Attached ——
——
——
——
——

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

[:1 Amendment D Answer |___l Cross Bill I] Other Pleading
PATENT OR DATE OF PATENT

TRADEMARK NO. OR TRADEMARK IIOLDER OF PATENT OR TRADEMARK

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

(BY) DEPUTY CLERK

Copy I—Upon initiation of action, mail this copy to Director Copy 3——I.'pon termination ofaction, 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 1:13-cv-01835-UNA Document 3 Filed 11/04/13 Page 2 of 2 PageID #: 287

PATENT OR DATE OF PATENT

TRADEMARK NO.
US 8,090,008 B2
L5 3,073,041B1’
L

L

 )— 
S 7,292,627 B2
S 7,471,721 B2

LS 8,218,610 B2
, LS 8,355,427 B2

U5 7,453,881 B2
S 7,978,706 B2
S 8,422,511 B2
S 7,889,784 B2
S 7,835,430 B2
S 7,570,686 B2
S 8,238,412 B2
S 8,432,956 B2
S 7,451,379 B2
S 8,516,337 B2
S 7,979,778 B2
S 7,925,958 B2
S 8,462,835 B2

>—->—1\DOo\)O\U1-thus
1-16

f"<:‘

>#>—-I!#D—| U1-D-uzlx) (-4
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Case 1:13—cv-01836-UNA Document 3 Filed 11/04/13 Page 1 of 2 PageID #: 362
.-\() l20 (Rev, 08; 10)

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 TRA])E]\[ARK

T0:

In Cmnpliancc with 35 U.S.C. §‘ 290 and-‘or 15 USC. ll 16 you are hereby advised that at coun action has been

filed in the US. District Court District Of Delaware on the following

I] ’l'rz1de1mu'ks or l2[PmenIs. ( [I the patent action involves 35 U.S.C. § 292.):

DOCKET NO. DATE FILED U.S. DISTRICT COURT
11/4/2013 District of Delaware

l’I..i\lN'llFl7 [)El*FNDAN’l‘

TQ Delta, LLC Zhone Technologies, lnc.

PATY-..\lT OR DATE or PATENT ‘\ , / . - .
l l{Al)ltM.l\RK No. on ’l'}L»\l)l:?MARK ”O]‘DI‘R Or PATLNT “R I MDLMARI‘

l)A'Iil. iNCI,Ul)l{D

Cross Bill D Other Pleading
I’/\'i E’_\i'I OR DATE OF i’ATI;'I\?T

’I'R;\DI7MARK NO. OR TRADEMARK

In the abo\'c———c:11litled case. the followiiig decision has bee111'endex'::d orjudgcment issued.
1)l;ClS]0N‘.lUi)(jiiMIiN'l'

(BY) l)H’U'l Y Cl ,l:'RK

( 'op_\ l—l 'pon initintimi ofaction, mail this copy to Director (‘npy 3—[.?pnn termination of action, mail this copy to Director
(‘npy 2—['pon filing document adding patent(.s), mail this copy to Director Copy 4——(Tase file copy
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Case 1:13—cv—0l836-UNA Document 3 Filed 11/04/13 Page 2 of 2 PageID #: 363

DATE OF PATENT M
OR TRADEMARK HOLDER OF PATENT OR TRADE ARK

173/2012
12/6/2011
I 1/6/2007

US 7,471,721 B2 12/30/2008
. Us 8,218,610 B2 7/10/2012
6. US 8,355,427 B2 1/15/2013

US 7,453,881 B2 11/18/2008
US 7,809,028 B2 10/5/2010
US 7978.706 B2 7/12/2011

10 US 8,422,511 B2 4/16/2013
11 LS 7,796,705 B2 9/14/2010
12 US 7,889,784 B2 2/15/2011
13 15 7,835,430 B2 11/16/2010
14 Us 7,570,686 B2 8/4/2009
15 L8 8,238,412 B2 8/7/2012
16 Us 8,432,956 B2 4/30/2013
17 LS 7,451,379 B2 11/11/2008
18 US 8,516,337 B2 8/20/2013
19 L5 7,979,778 B2 7/12/2011
20 LS 7,925,958 B2 4/12/2011
21 LS 8,462,835 B2 6/11/2013
22 US 7,978,753 B2 7/12/2011
23 US 6,445,730 B1 9/3/2002
24 LS 8,437,382 B2 5/7/2013

PATENT OR

TRADEMARK NO.

US 8,090,008 B2

US 8,073,041 B1

US 7,292,627 B2
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ITVTTFID STATES DFIPARTMFIVT OF‘ (‘(’)MI\’lF}R(‘F}
United States Patent and Trademark Office
Addie» C‘OMMISS10_\'ER FOR PATENTSPO Rm: I450

Alexandria, Vlrgnra 22313-1450wvrwusptogov

ATTY.DOCKET.NO TOT CLAJJWS IND CLAIMS

9 513/476,310 05/21/2012 2631 2050 6936-2-CON-2-1-4
CONFIRMATION NO. 7896

62574 CORRECTED FILING RECEIPT
Jason H. Vick

Sheridan Ross, pc IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIISuite # 1200 oooooooezo 7573

1560 Broadway
Denver, CO 80202

Date Mailed: 06/24/2013

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. It you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
David M. Krinsky, Acton, MA;
Robert Edmund Pizzano JR., Stoneham, MA;

AppIicant(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 12/779,660 05/13/2010 PAT 8238412
which is a CON of 12/477,742 06/03/2009 PAT 7835430
which is a CON of 10/619,691 07/16/2003 PAT 7570686
which is a CON of 09/755,173 01/08/2001 PAT 6658052
which claims benefit of 60/224,308 08/10/2000
and claims benefit of 60/174,865 01/07/2000

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.
Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

If Required, Foreign Filing License Granted: 05/31/2012

page 1 of 3
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is US 13/476,310

Projected Publication Date: Not Applicable

Non-Publication Request: No

Early Publication Request: No
Title

Multicarrier Modulation Messaging for Power Level Per Subchannel Information

Preliminary Class

375

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

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

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—he|p “toolkits“ giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

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

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related appIications(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 "lF 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).

SeIectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SeIectUSA, our nation works to
promote and facilitate business investment. SeIectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U .8. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTIVIENT OF CO3/INIERCE
United States Patent and Trademark Office
Address CO)/IIVIISSIONER FOR PATENTS

P.O. Box 1450
Alexmidrim Virginia 22313-1450www.uspLo.gov

APPLICATION NO. ISSUE DATE PAT ENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.

13/476.310 04/30/2013 8432956 6936-2-CON-2- 1-4

52574 7590 04/10/2013

Jason H. Vick
Sheridan Ross, PC
Suite # 1200

1560 Broadway
Denver, CO 80202

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

(application filed on or after May 29, 2000)

The Patent Term Adjustment is 0 day( s). Any patent to issue from the above—identified application will include

an indication of the adjustment on the front page.

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

detennines 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
(QODM) at (571)-272-4200.

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

David M. Krinslsy, Acton, MA;
Robert Edmund Pizzano JR, Sloneham, MA;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location

for business investment, innovation, and commercialization of new technologies. The USA offers tremendous

resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation

works to encourage and facilitate business investment. To learn more about why the USA is the best country in

the world to develop technology, manufacture products, and grow your business, Visit SelectUSA.gov.

IRlO3 (Rev. 10/09)
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Cbangefs) applied
to clocum-ant,

/T1flf/

z/a/20:5

-3-

other known or later developed diagnostic or test i11formatio11 that may be appropriate for the

particular communications environment. For example, the exchanged diagnostic and test

information can be directed toward specific limitations of the modems, to information

relating to the modem installation a11d deployment environment, or to other diagnostic and

test information that can, for example, be determined as needed which may aid in evaluating

the cause of a specific failure or problem. Altematively, the diagnostic and test information

can include the loop length a11d bridged tap length estimations as discussed in copending
097 5 5 1 7 7-

filed herewith and incorporated herein by reference in

its entirety.

For example, a11 exemplary embodiment of the invention illustrates the use of the

diagnostic link mode in the communication of diagnostic information from the remote

terminal (RT) transceiver, e.g., ATU—R, to the central office (CO) transceiver, e.g., ATU—C.

Transmission of information from the remote terminal to the central office is important since

a typical ADSL service provider is located in the central office and would therefore benefit

from the ability to determine problems at the remote terminal without a truckroll. However,

it is to be appreciated, that the systems a11d the methods of this invention will work equally

well in communications from the central office to the remote terminal.

These and other features and advantages of this invention are described in or are

apparent from the following detailed description of the embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments of the invention will be described in detail, with reference to the

following figures wherein:

Fig. l is a functional block diagram illustrating an exemplary communications system

according to this invention; and

Fig. 2 is a flowchart outlining an exemplary method for communicating diagnostic

and test information according to this invention.

DETAILED DESCRIPTION OF TI-IE INVENTION

For ease of illustration the following description will be described in relation to the

CO receiving diagnostic a11d test information from the RT. 111 the exemplary embodiment,

the systems and methods of this invention complete a portion of the normal modem

initialization before entering into the diagnostic link mode. The systems and methods of this

invention can enter the diagnostic link mode manually, for example, at the direction of a

NVAl 65661 .1
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Substitute for form 1449A/PTO commete if Known
Application Number 13/476310

INFORMATION DISCLOSURE FM We Maymolz
First Named Inventor ll avid M. Krinsky et al.
Art Unit 2 6 3 1

Examiner Name KHANH C TRAN

Attorney Docket Number 5550-2-CON2-1-4

U.S. ATENT DOCUMENTS
Document Number 1 Publication Date Name of Patentee of Pages, Columns, Lines, Where
Number-kind Code 2 ””‘”"‘””’ MM—DD-YYYY Applicant of Cited Document Relevant Passages or Relevant

Figures Appear
05-24-1983 Rosbur et al.

2 01-21-1980 —

:—
Wichter etal.

‘ ' 7'7 Stevens etal.
5864602 Needle

5964891 Caswell et al.
6073179 '
6075821

U1 0') __\ l\J L0 0') O

1

2

1 04-17-2001

6249543 06-19-2001

6404774 06-1 1-2002
641 1678 06-25-2002

0445773 00-03-2002
18 6449307 09-10-2002 lshikawa etal.

19 01-28-2003 Mirfakhraei

20 10-07-2003 Milbrandt
10-14-2003 Milbrandt

6636603 10-21-2003 Milbrandt

6658052 12-02-2003 Krinsk et al.

0121-20-2004

*°°‘°°“*Krinsk etal.
. . 11-16-2010 Krinsky etal.

02-15-2011 Krinsky_§t al.
2010/0226418 09-09-2010 Krinsk etal.
2011/0103443 05-05-2011 Krinsk et al.
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6512789
6631120
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G) \l |\) 01 __l \IO5

/Khanh Tran/' (1 0/27/2131 2) 10/2.7/2012
*EXAMlNER: 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.

ALL REFERENCES CONSEBEEED EXCEPT WHERE LENED THRGUGH. /KCT/
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
Ilnjted States Patent and Trademark Oflfice
Address: COMTVIIS SION * FOR PATENTS

P 0 Box l4S0
Alexandria, Virginia 22313-1450
www uspm gov

APPLICATION NO. FILING DATE FIRST NAl\/ED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

13/476,310 05/21/2012 David M. Krinsky 6936—2—CON—2—l—4 7896

62574 7590 04/03/2013. EXAMINER
Jason H. Vick

Sheridan Ross, PC
Suite # 1200

1560 Broadway PAPER NUMBER
Denver, CO 80202

TRAN, KIIANII C

NOTIFICATION DATE DELIVERY MODE

04/03/2013 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@ sheridanrosscom

PTOL—90A (Rev 04/07)
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Application No. App|icant(s)

Supplemental 13/476,310 KRINSKY ET AL.

Notice of Allowability E>;mgeC[_ TRAN Qggynit ’F‘:{;,<;‘.;S,‘u;“"°"‘°"°
No

— 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 and AmendmentAfter Notice of Allowance filed 3/25/2013.

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

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

3. [I The allowed c|aim(s) is/are j. As a result of the allowed c|aim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
hit ://www.us to. ov/ atents/lnit events./' E1/inc:iex.'s or send an inquiry to PPI-ti'eedbacl< -' us tocov .

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

Certified copies:

a) [I All b) El Some *c) E] None of the:

1. El Certified copies of the priority documents have been received.

2. El Certified copies of the priority documents have been received in Application No.

3. I:I 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( )).

* Certified copies not received:

Interim copies:

a) D All b) D Some c) D None of the: Interim copies of the priority documents have been received.

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

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

El including changes required by the attached Examiner’s Amendmentl 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. |:I 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. I] Notice of References Cited (PTO-892) 5. El Examiner‘s Amendment/Comment

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

3. El Examiner's Comment Regarding Requirement for Deposit 7. X Other PTO-90C.
of Biological Material

4. El Interview Summary (PTO—413),
Paper No./Mail Date .

/KHANH C TRAN/

Primary Examiner, Art Unit 2631

U.S. Patent and Trademark Office

PTOL-37 (Rev. 03-13) Notice of Allowability Part of Paper No./Mail Date 20130328
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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 NO.l FILING DATE FIRST NAMED INVENTOR I ATTORNEY DOCKET NO.
CONTROL NO. PATENT IN REEXAMINATION

13/476,310 21 May, 2012 KRINSKY ET AL. 6936—2—CON—2—l—4

EXAMINER

Jason H. Vick

Sheridan Ross, PC KHANH C‘ TRANSuite # 1200

1560 Broadway ART UNIT PAPER
Denver, CO 80202

2631 20130328

DATE NIAILED:

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

proceeding.

Commissioner for Patents

This communication is responsive to the Amendment After Notice of Allowance and the IDS filed on 3/25/2013. The IDS has been
considered and entered. The Anlendnlent to the Specification has been entered.

/KHANH C TRAN/

Primary Examiner, Art Unit 2631

PTO-90C (Rev.04-O3)
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SUDSWUIB f0f fOF|'Tl Compfete Known
I3/476310

INFORMATION DISCLOSURE ..
STATEMENT BYAPPLTCANT

U.S. PATENT DOCUMENTS

Document Number Publication Date Name of Patentee of Pages, Columns, Lines, Where
Number-kind Code 2 "”"’°’”"’ MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant

Figures Appear

FOREIGN PATENT DOCUMENTS

Foreign Patent Document Publication Date Name of Patentee or Pages, Columns,
MM-DD—YYYY Applicant of Cited Lines, Where

Country Code“; Number‘; Kind _ Relevant
Code5 (if known) Passages or

Relevant Figures
A ear

OTHER ART (Including Author, Title. Date, Pertinent Pages, etc.)
Examiner Cite
|nitials* No.‘

1 Decision of Refusal (including translation) for Japanese Patent Application No. 2011-012155,
mailed February 25, 2013 (Attorney Ref. No.: 6936—2—PJP—D|V—2)

Examiner . ,v A T . D t ,,_ A,/Klianh Taanr (03-/.18/2513) 93,5 /24315
*EXAMlNER: 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.

ALL REFERENCES CONSEDEEED EXCEPT WHERE LENED THRGUGH. /KCT
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: David M. Krinsky 3 Group Art Unit: 263]

Application No.: 13/476,310 3 Examiner: TRAN, Khanh C.
Filed: May 21, 2012 ) Confirmation No.2 7896

Atty. File No.: 6936-2-CON -2- 1 -4

For: Multicarrier Modulation Messaging for Power Level Per Subchannel Information

NOTIFICATION oE LOSS 0E ENTITLEMENT OF

SMALL ENTITY STATUS UNDER

37 CFR §§ 1.27 (g)(2) and 1.28(c)

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Madam:

On November 5 , 2012, Applicants filed an Assertion of Entitlement to Small Entity Status in

the referenced application. Applicants filed the Assertion in good faith, and paid the fees associated

with the application as a small entity in good faith. It was later discovered that the Applicant should

not have been entitled to small entity status and the Assertion was established in error.

Pursuant to 37 CFR §§ 1.27(g)(2) and 1.28(c), Applicants are informing the Office that the

referenced application is no longer entitled to Small Entity Status.

Furthermore, pursuant to 37 C.F.R. §1.28(c)(1)(2), on November 19, 2012, Applicants

submitted payment of $80 at the small entity rate for the following:

0 Terminal Disclaimer ~ $80

The current fees for the referenced payments are listed below for a total of $160:

0 Terminal Disclaimer — $160

Therefore, the Commissioner is hereby authorized to charge to deposit account number

19-1970 $80.00 for the deficiency owed.
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The Commissioner is also 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

ovcrpaymcnt to that Account.

Respectfully submitted,

SHERIDAN ROSS P.C.

Date: March 25 2013 By: /Jason H. Vicl</
Jason H. Vick

Reg. No. 45,285

1560 Broadway, Suite 1200

Denver, Colorado 80202

Telephone: 303-863-9700
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Electronic Acknowledgement Receipt

EFS ID: 15345750

Application Number: 13476310

International Application Number:

Confirmation Number: 7896

Multicarrier Modulation Messaging for Power Level Per SubchannelTitle of Invention: .Information

First Named Inventor/Applicant Name: David M. Krinsky

Customer Number: 62574

Filer Authorized By: Jason Vick

Attorney Docket Number: 6936-2-CON-2-1-4

Receipt Date: 25-MAR—201 3

Filing Date: 21-MAY—201 2

Application Type: Utility under 35 USC111(a)

Payment information:

Submitted with Payment no

File Listing:

Document . . File Size(Bytes)/ Multi Pages

Notification of loss of entitlement to Loss_of_Entitlement_of_Small
small entity status Entity_Status.pdf §4':n=alrl§f5n=7f541rlmrlflfii §r777718Pm4

beab

Information:
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Total Files Size (in bytes)

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 of an 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/R0/1 05) 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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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable l'ee(s). to: M_a_i1 Mail Stop ISSUE FEECommissioner for Patents
l’.O. Box 1450
Alexandria, Virginia 22313-1450

or Ea; (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

pcpropriale. All further correspondence including the Patent. advance orders and notification of maintenance tees will be mailed to the current corres otidence 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 " * LE ADDRESS" formaintenance fee notifications.

CURREN’l‘C0RRES|’0NDliNCEADDRhSS(Nola: Use Elovklfora-1)’ ohms: of addmss) Note: A certificate of mailing can only be used for domestic mailings of theFee(s) Transmittal. This certi icate cannot be used for any other accompanying

papers. Each additional paper, such as an assignment or formal drawing, mustavc its own certificate of mniling or transmission.62574 7590 01/04/2013

.lflSOI] H. VlCk Certificate of Mailing or Transmission. ' v ‘ ' ' .' _' , ‘ I ' d

Shendan Ross. PC itliéib fill‘ e§'Ja“c‘e"3$?tr.F§i‘?icI§§f'§,’é‘£lI$e'?£°i£§t‘1‘i'§$’§§.i'si‘il'L.ih§nié‘ii§§e'1,‘ # 12 O addressed to the Mail Stop ISSUE FEE address above, or being facsimile

Broaglway transmitted to the USPTO (571) 273-2885. on the date indicated below.
Denver, ('I):pmilnr‘s name)

(Signature)
(Date)

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

13/476,310 05/21/2012 David M. Krinsky 693(>2—CON—2—1—4 7896

TITLE OF INVENTION: Multlcnrrier Modulation Messaging for Power Level Per Subchzinncl Information

SMAWNTWY T°““EE<S>D“B DATED“
YES $885 $0nonprovisional $3 00 04/04/2013

EXAMINER ART UNIT CLASS-SUBCLASS

TRAN, KIIANII C 375-2?/1000

1‘. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list _
(‘FR 1'363)‘ (1) the names of up to 3 registered patent attorneys 1—ia—Qn—5_l- Ck

D Change of correspondence address (or Change of Correspondence or agents OR, alternatively.
Address mun P10/SB/122) auached‘ (2) the name ol'a single lirni (having as a member a 2 Sheridan R055 PC———
D "Fcc Address" indication (or “i'*'ec Address" Indication form registered attorney or agent) and the names of up toPTO/SB/47; Rev 03-02 or more recent) attached. Lse ol' :1 Customer Feglsiefed Pale“! 3ii°m§Y5 01" ?‘~g3niS- ll 110 11511110 13 3
Number is required. listed, no name will be printed. ’ ‘

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

PLEASE NOTE: Unless an aslgilgnee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed forrecordation as set forth in 37 C 3.11. Completion of this form is NOT it substitute for filing an assignment. .
(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

TQ DELTA, LLC AUSTIN, TEXAS

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

-‘la. The following feels) are submitted: 4b. l’ayment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[II Issue Fee U A check is enclosed.

M Publication For (No small entity discount permitted) D Payment by credit card. Form PTO—2038 is attached.
l._.l Advance Order — # of Copies 'l'he Director is hereby authorized to charge the re uired fee(s), any deficiency, or credit any

overpayment. to Deposit Account Number 9-113211 __ (enclose an extra copy of this fonn).
5. Change in Entity Status (from status indicated above)

D a. Applicant claims SMALL ENTITY status. See. 37 CFR 1.27. [2] I7. 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; n registered attorney or agent: or the assignee or other party ininterest as shown b the records of the United States Patent and Trademark Oflice.

_ ' Date 2 /l7£!v 1/)
,// , /4”’

Typed Dr Pfi1J»ed’I'§«,l‘1,‘,I£e—""ia§9rLl‘,l~ V|Cl< Registration No. 45,285

Authorized Signature

This c ion ofinformation 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 USC. 122 and 37 CFR l. 14. T is collection is estimated to take 12 minutes to complete. including gathering. preparing, andsubmitting the completed application form to the USPTO. Time will val de ndin upon the individual case. Any comments on the amount of time you require to com lete

this form and/or suggestions for reducing this burden, should be sent to e C let in ormation Officer, U.S. Patent and Trademark Office. U.S. Department of Commerce,li’.O.Box 1450. Alexan ria, Virginia 22313-1450. DO NOT SEND FEES OK C()Ml’Ll1"l’l:'D l*'OK.i\/IS 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 infonnation unless it displays a valid OMB control number.

PTOL-85 (Rev. 02/1 1) Approved for use through 08/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE



Page 42 of 519

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: David M. Krinsky ; Group Art Unit: 2631

Application No.: 13/476,310 g Examiner: TRAN, Khanh C.

Filed: May 21,2012 3 Confirmation No.: 7896
)

)

For: MULTICARRIER MODULATION MESSAGING FOR POWER LEVEL PER

SUBCHANNEL INFORMATION

Atty. File No.: 6936-2-CON-2-1-4

COMMENTS ON STATEMENT OF REASONS FOR ALLOWANCE

Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313

Madam:

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

further the Notice of Allowability (“Notice”) having a mailing date of January 4, 2013.

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

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

Claims are allowable over prior art of record because the cited references

either singularly or in combination cannot teach or suggest uniquely distinct

features used in combination of other claimed elements “ he message comprises

one or more data variables that represent the diagnostic information,

wherein bits in the message are modulated onto DMT symbols using

Quadrature Amplitude Modulation (5 {AM} 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 power level per subchannel
information”.

Attorney Docket No.: 6936-2~CON—2—l -4
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Based on the Notice, the patentability of all other independent and dependent claims is

assumed to be based upon the elements as set forth in such claims and that such claims meet all

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

As is clear from MPEP 1302.14,

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

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

be written to specifically or impliedly state that all the reasons for allowance are
set forth.”

While the stated Reasons for Allowance may be a stated reason for allowing some

independent claims, Applicant submits that some independent claims have a different reason for

allowance and that some independent claims have other reasons for allowance.

Specifically, the prior art fails to teach the specific combination of features as recited in

the independent claims 44, 46, 48, 50, and 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 RO S S P. C.

By: //%’/T::’,///_/fl.,/
,6///Jason H. Vick

Reg. No. 45,285

1560 Broadway, Suite 1200
Denver, Colorado 80202

Telephone: 303-863-9700

Attorney Docket No.: 6936-2—CON—2-l-4
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: David M. Krinsky

Application No.: 13/476,310

Filed: May 21, 2012

Atty. File No.: 6936-2—CON—2—1-4

For:

SUBCHANNEL INFORMATION

3 Group Art Unit: 2631

3 Examiner: TRAN, Khanh C.

g Confirmation No.: 7896
)

)

MULTICARRIER MODULATION MESSAGING FOR POWER LEVEL PER

AMENDMENT AFTER ALLOWANCE UNDER

37 C.F.R. 1.312

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Madam:

Applicants submit this Amendment After Allowance pursuant to 37 C.F.R. 1.312 in

response to the Notice of Allowance having a mailing date of January 4, 2013. While Applicants

believe that no fees are due with the filing of this response, the undersigned hereby authorizes

the charge of any fees deemed necessary to Deposit Account No. 19-1970.

An amendment may be entered after the mailing of a Notice of Allowance but prior to

payment of the issue fee upon recommendation of the primary Examiner. Therefore, it is

respectfully requested that the above-referenced application be amended as follows:

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

Remarks begin on page 3 of this paper.

Attorney Docket No. 693 6-2-CON-2-1-4
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AMENDMENTS TO THE SPECIFICATION

Please amend the first paragraph immediately following the title with the following:

Related Application Data

This application is a continuation of U.S. Application No. 12/779,660, filed May 13,

20422010 now U.S. Patent No. 8 238 412, which is a continuation of U.S. Application No.

12/477,742, filed June 3, 2009, now U.S. Patent No. 7,835,430, which is a continuation of U.S.

Application No. 10/619,691, filed July 16, 2003, now U.S. Patent No. 7,570,686, which is a

continuation of U.S. Application No. 09/755,173, filed January 8, 2001, now U.S. Patent No.

6,658,052, which claims the benefit of and priority under 35 U.S,C. §1 l9(e) to U.S. Provisional

Application No. 60/224,308, filed August 10, 2000 entitled “Characterization of transmission

lines using broadband signals in a multi—earrier DSL system,” and U.S. Provisional Application

No. 60/174,865, filed January 7, 2000 entitled “Multiearrier Modulation System with Remote

Diagnostic Transmission Mode”, each of which are incorporated herein by reference in their

entirety.

On page 3, lines 1-9, of the originally filed specification, please amend the following:

other known or later developed diagnostic or test information that may be appropriate for the

particular communications environment. For example, the exchanged diagnostic and test

information can be directed toward specific limitations of the modems, to information relating to

the modem installation and deployment environment, or to other diagnostic and test information

that can, for example, be determined as needed which may aid in evaluating the cause of a

specific failure or problem. Alternatively, the diagnostic and test information can include the

loop length and bridged tap length estimations as discussed in U.S.‘ patent application No.

09/755 172 now U.S. Patent No. 6.865 22leepending14ette1verey-J.3e>eleet—1>+e>r€)8l§4—3—0G0G03,

filed herewith and incorporated herein by reference in its entirety.

Attorney Docket No. 693 6-2—CON-2-1 -4
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REMARKS

By this amendment, the Cross-Reference to Related Applications has been updated and

minor typographical errors have been corrected. 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 PQC4

Date: QT/“lnn ‘/5 By:__,/
Jason H. Vick

Reg. No. 45,285

1560 Broadway, Suite 1200

Denver, Colorado 80202

Telephone: 303-863-9700

Attomey Docket No. 6936-2-CON-2-l-4
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of:

David M. K_rinsky et al.

Serial No.: 13/476,310

Filed: May 21, 2012

Atty. File No.: 6936~2—CON—2—l—4

Group Art Unit: 2631

Confirmation No.: 7896

Examiner: TRAN, Khanh C.

SUPPLEMENTAL

INFORMATION DISCLOSURE

Entitled: “MULTICARRIER MODULATION

MESSAGING FOR POWER LEVEL PER

SUBCHANNEL INFORMATION”

STATEMENT\./\/\/\/\/\/\/\/\/\/
Electronically Submitted

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

The references cited on attached Form PTO—l449 are being called to the attention

of the Examiner.

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

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

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

accordance with 37 C.F.R. § l.98(a).

[:] 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 translation/abstracts and/or in the

figures, although applicants do not necessarily vouch for the accuracy of the translation.

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

0 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

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.

1
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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):

Within three months of the filing date of a national application other than a continued prosecution
application under 37 CFR l.53(d), or

Within three months of the date of entry into the national stage of an international application as set
forth in 37 CFR 1,491 or

Before the mailing date ofa first Office 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 l.l l4‘

Although no fee is believed due, if any fee is deemed due in connection with this submission, please charge such fee to
Deposit Account I9-I970.

37 CFR l.97(c): The information disclosure statement transmitted herewith is being filed after all the above conditions (37
CFR l.97(h)), but before the mailing date of one of the following conditions:

(I) a final action under 37 CFR. l.l [3 or
(2) a notice ofallowance under 37 C.F.R. 1.311, or
(3) an action that othenvise closes prosecution in the application.

This information 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, ifany 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 ot'$l 80,00 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 l9-1970.

37 CFR l.97(d): This information Disclosure Statement is being submitted after the period specified in 37 CFR l.97(c).

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

E Applicants hereby requests consideration of the reference(s) disclosed herein. Please charge Deposit Account
19-i970 in the amount of $180.00 under 37 CFR. l.17(p). Please credit any overpayment or charge any underpayment to
Deposit Account l9~l970. Election to pay the fcc should not be taken as an indication that applicantts) cannot execute a
certification.
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Certification (37 C.F.R. 1.97(e))

(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)(l).

A copy of the 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 in a counterpart foreign
application, and, to the knowledge of the undersigned after making reasonable
inquiry, no item of information contained in this Information Disclosure Statement
was known to any individual designated in 37 C.F.R. l.56(c) 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.

By: I,//~/:/?*:”‘”"7"
//_/_,49‘;Tason H. Vick

‘X Registration No. 45,285
1560 Broadway, Suite 1200
Denver, Colorado 80202-5141

(303) 863-9700
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Substitute for form 1449A/PTO compyete if Known
I3/476310

INFORMATION DISCLOSURE ..
STATEMENT BYAPPLTCANT

U.S. PATENT DOCUMENTS

Document Number Publication Date Name of Patentee of Pages, Columns, Lines, Where
Number-kind Code 2 "”"’°’”"’ MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant

Figures Appear

FOREIGN PATENT DOCUMENTS

Foreign Patent Document Publication Date Name of Patentee or Pages, Columns,
MM-DD—YYYY Applicant of Cited Lines, Where

Country Code“; Number‘; Kind _ Relevant
Code5 (if known) Passages or

Relevant Figures
A ear

OTHER ART (Including Author, Title, Date, Pertinent Pages, etc.)
Examiner Cite
|nitials* No.‘

1 Decision of Refusal (including translation) for Japanese Patent Application No. 2011-012155,
mailed February 25, 2013 (Attorney Ref. No.: 6936—2—PJP—D|V—2)

Examiner Date
Signature Considered

*EXAMINER: Initial if reference is considered. whether or not citation is In conformance and not considered. Include copy of this
form with next communication to applicant.
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Electronic Patent Application Fee Transmittal

Application Number: 13476310

Filing Date: 21-May-2012

Multicarrier Modulation Messaging for Power Level Per SubchannelTitle of Invention: .Information

First Named Inventor/Applicant Name: David M. Krinsky

Filer: Jason Vick/Joanne Vos

Filed as Large Entity

Utility under 35 USC111(a) Filing Fees

Sub-Total in

USD($)

Basic Filing:

Claims:

Description

Miscellaneous-Filing:

Patent-AppeaIs-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 Fee Code Quantity USD($)

Extension-of-Time:

Miscellaneous:

Submission- Information Disclosure Stmt 1806
Total in USD ($)
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Electronic Acknowledgement Receipt

EFS ID: 15346945

Application Number: 13476310

International Application Number:

Confirmation Number: 7896

Multicarrier Modulation Messaging for Power Level Per SubchannelTitle of Invention: .Information

First Named Inventor/Applicant Name: David M. Krinsky

Customer Number: 62574

Filer Authorized By: Jason Vick

Attorney Docket Number: 6936-2-CON-2-1-4

Receipt Date: 25-MAR—201 3

Filing Date: 21-MAY—201 2

Application Type: Utility under 35 USC111(a)

Payment information:

Submitted with Payment yes

Deposit Account 191970

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 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

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

File Listing:

Document Document Description File Name File SIze(Bytes)/ Multl PagesNumber Message Digest Part /.zip (if appl.)

156901

Issue Fee Payment (PTO-85 B) |ssu_Fee_Payment.pdf 2/b-’Ieej'dZdr')br')’:’3'/b4bdd /b I/debfj'8r')S‘e
734073

Warnings:

Information:

160343
Post Allowance Communication - Comments_on_Reason_for_All

Incoming owance.pdf 6eUf$‘ed‘)3‘5-1&3I'I3cdf59f/bebI35|ccUa2c8‘
7fl7

Warnings:

Information:

230719

AMEND_312.pdf ('l-18d8C44/604661930404 le2&4de8b566
0rl1F1f

Multipart Description/PDF files in .zip description

Document Description Start

Amendment after Notice ofA||owance (Rule 312)

Specification

Applicant Arguments/Remarks Made in an Amendment

Warnings:

Information:

341064

|DS_04.pdf b77 I (73912-’I577b(96339dn3cac453759d4
aa43e

Multipart Description/PDF files in .zip description

Document Description Start

Transmittal Letter

Information Disclosure Statement (IDS) Form (SE08)

Warnings:

Information:

93467
6936-2-PJP-

Non Patent Literature D|V_2_OA_02_25_2013'pdf bc62a3c48-15 ea7b086e97-1ae3a1-’I6c48e44
935c4
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Information:

Fee Worksheet (SB06) fee—info.pdf 1r7tlrl979791:=4R48flarl74f91a78R(0rle471
fl 23f

Information:

Total Files Size (in bytes) 1016138

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 of an 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/R0/1 05) 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 OEEICE
UNITED STATES DEPARTIVIENT OF COM1\IERCELniled Slates Pateilt and Trademark Office
Addiess: COMl\/IISSIONER FOR PATENTS

P.0. Box 1450
Alexandria. Virginia 22313—1430www.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

EXAMIVER

TRAN, KHANH C

Sheridan Ross, PC

Suite # 1200
1560 Broadway 3531
Denver, CO 80202

62574 7590

Jason H. Vick

DATE MAILED: 01/04/2013

13/476,310 05/21/2012 David M. Krinsky 6936—2—CON—2—1—4

TITLE OF INVENTION: Multicarrier Modulation Messaging for Power Level Per Subchannel Information

APPLN. TYPE SM_AI_L ENTITY ISSUE FEE DUE PUBLICATION FEE T)UE PREV. PAID ISSUE FEE TOTAL FEE(S) T)UE DATE DUE

YES $885 $300 $0nonprovisional $1 185 04/04/2013

TIIE APPLICATION IDENTIFIED ABOVE IIAS BEEN EXAMINED AND IS ALLOVVED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE IWERITS IS CLOSED. THIS NOTICE OF ALLOVVANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAVVAL FROl\/I 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 VVITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN TIIIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOVVN ABOVE), THE RETURN OF PART B OF TEHS FORM
VVILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOVVARD THE ISSUE FEE NOVV
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review tl1e SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current
SMALL ENTITY status:

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

B. if the status above is to be removed, check box 5b on Part B -
Fee(s) Transmittal and pay the PUBLICATION FEE (if required)
and twice the amount of the ISSUE FEE shown above, or

If the SMALL ENTITY is shown as NO:

A. Pay TOTAL FEE(S) DUE shown above, or

B. if applicant claimed SMALL EN'l'l'l'Y status before, or is now
claiming SMALL ENTITY status, check box 5a on Part B — Fee(s)
Transmittal and pay the PUBLICATION FEE (if required) and 1/2
the ISSUE FEE shown above.

II. PART B — FEE(S) TRANSMITTAL, or its equivalent, n1ust be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE a11d PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, sectio11 "4b"
of Part B — Fee(s) Transmittal should be completed and a11 extra copy of the form sl1o11ld be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee n1ust be clearly made, and delays in processing may occur due to the difficulty i11 recognizing
the paper as an equivalent of Part B.

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

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

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

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

or Ea (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.

CURRLNTC01UUJ3P0NDJil‘CJi Ai’D1U-"9\‘—‘ (NOW U59 J-‘10<'k1f0I any Change Ofaddlessl Note: A certificate of mailin can only be used for domestic mailings of the
Fee(s) Transmitta_l._ This certi icate cannot be used for any other accompanying

papers. Each additional paper, such as an assignment or formal drawing, must
62574 7590 01/04/2013 ave its own certificate of mailing or transmission.

Jason H. _ Certificate of Nlailing o1'_ Transmission _ _
qh -d R PC I hereby certify that this Fee(s) Transmittal is being deposited with the United
‘g in #aI1120(())SSs 4 Sfiladtres P(Z1Sf:tl Stfirvllsf _\i/itght siiff%‘éetrIi]t3pg]sEtEge (fgr first glass mailbiri an pave-,lo_[.ie_ U1 e a esse o e at . op . a ress a ve, or eing acsirm e

_ transmitted to the USPTO (571) 2732885, on the date indicated below.
1560 Bioadway
Denver, Co 80202

13/476,310 05/21/2012 David M. Krinsky 6936—2—CON—2—1—4

TITLE OF INVENTION: Multicarrier Modulation Messaging for Power Level Per Subchannel Information

APPLN. TYPE Sl\/1_AI_L ENTITY ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL PEE(S) DUE DATE DUE

YES $0iioiiprovisioiial $885 $300 $1185 04/04/2013

EXAMINER ART UNIT CLASS—SUBCLAS S

TRAN, KHANH C 2631 375-222000

1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CF 1.303). , , - ._ , , ,(1) the names ol up to 3 registered patent attorneys

3 Change of correspondence address (or Change of Correspondence or agents OR, alternatively.Address torni PTO/SB/122) attached. . . V.
(2) _the name of a single firm (having as a member a

:1 "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
3T0/SB/47; Rev 03-02 or more recent) attached. Use of a Customer Zregislered patent allorneys or agents. If no name Is
Number is required_ listed, no name will be printed.

3. AS SIGNEE 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
recordation as set forth in 37 CFR 3.11. Completion of this form is l\Ol' a substitute for filing an assignment.
(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : :1 Individual D Corporation or other private group entity D Government

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

3 Publication Fee (No sniall entity discount permitted) 3 Payment by credit card. Form PTO-2038 is attached.
3 Advance Order _ # of Copies 3 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 form).

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

3 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. :1 b. Applicant is no longer claiming SMALI. ENTITY status. See 37 CFR 1.27(g)(2).
NO . The Issue Fee and Publication Fee (if required) will not be a , pted 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 Trade ark Office.

/\uthori7.ed Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.31 l. 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 114. 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 de nding 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 e C ief lnlormation Officer, US. Patent and Trademark Office, U.S. Department of Commerce, l’.O.
Box 1450, Alexan ria, Virginia 22313-1450. DO NOT SE.\D FEES OR COMPLETED FORMS '10 ‘THIS ADDRESS. SEND TO: Comniissioner 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.

PTOI,—85 (Rev. 02/1 1) Approved for use through 08/31/2013. OMB 0651-0033 US. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OEEICE
UNITED STATES DEPARTIVIENT OF CONHWERCELrliled Slates Paterlt and Trademark Office
Addicss: COMl\/IISSIONER FOR PATENTS

P.0. Box 1450
Alexandlim Virginia 22313-1450www.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTOR.l\EY DOCKET NO. CONFEIO/IATION NO.

l3/476,310 05/21/2012 David M. Krinsky 6936-2-CON-2-l -4 7896

Jason H. Vick TRAN, KHANH C

Sheridan Ross, PC

Suite # 1200
1560 Broadway 3531
Denver, CO 80202 DATE MAILED: 01/04/2013

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 Information Retrieval

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

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

Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at l-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
PTOL-85 (Rev. 02/11)
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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 tlie attached for111 related to a patent application or patent. Accordingly, pursuant to
the requirements of the Act, please be advised that: (1) the general authority for the collection of this
information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process
and/or examine your submission related to a patent application or patent. If you do not furnish the
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine
your submission, which may result in termination of proceedings or abandonment of the application or
expiration of the patent.

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

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

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

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

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

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

. A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy
Act (42 U.S.C. 21 8(0)).

. A record fro111 this system of records may be disclosed, as a routine use, to the Administrator,
General Services. or his/her designee, during an inspection of records conducted by GSA as part of
that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44- U.S.C. 2904 and 2906. Such disclosure shall be made in accordance
with the GSA regulations governing inspection of records for this purpose, and any other relevant
(i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

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

. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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Application No. App|icant(s)

13/476.310 KFIINSKY ET AL.

KHANH C. TRAN 2631

-- 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. IX This communication is responsive to the Amendment filed 12/3/2012.

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

3. IX The allowed c|aim(s) is/are 44-53. As a result of the allowed cIaim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
htt*:.//www.us to. 0V! atents/init events,’ -h/'Endex.isb or send an inquiry to PPI-Ifeedbackfusgtagov.

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

a) El All b) D Some* c) El None of the:

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

2. El Certified copies of the priority documents have been received in Application No.

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( )).

* Certified copies not received:

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

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

I:I 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. I] 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. I] Notice of References Cited (PTO-892) 5. El Examiner‘s Amendment/Comment

2. IX! Information Disclosure Statements (PTO/SB/08), 6. IX Examiner‘s Statement of Reasons for Allowance
Paper No./Mail Date

3. I] Examiner‘s Comment Regarding Requirement for Deposit 7. El Other
of Biological Material

4. El Interview Summary (PTO—413),
Paper No./Mail Date .

/KHANH C TRAN/

Primary Examiner, Art Unit 2631

U S Patent and Trademark Office

PTOL-37 (Rev. 09-12) Notice 01 Allowability Part of Paper No./Mail Date 20121229
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Application/Control Number: 13/476,310 Page 2

Art Unit: 2631

1. The Amendment filed on 3/20/2012 has been entered. Claims 44-64 are still

pending in this Office action.

2. Claims 44-64 have been renumbered as claims 1-21, respectively.

Response to Arguments

3. Applicant's arguments, see Applicants’ Remarks, filed 3/20/2012, with respect

to claims 44-64 have been fully considered and are persuasive. The rejection of claims

44-64 has been withdrawn after Applicants filed Terminal Disclaimers to overcome the

outstanding Double Patenting Rejection.

Allowable Subject Matter

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

4. Claims are allowable over prior art of record because the cited references

either singularly or in combination cannot teach or suggest uniquely distinct features

used in combination of other claimed elements “the message comgrises one or more

data variables that regresent the diagnostic information, wherein bits in the message

are modulated onto DMT symbols using Quadrature Amglitude Modulation (QAM2 with

more than 1 bit ger subchannel and wherein at least one data variable of the one or
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Application/Control Number: 13/476,310 Page 3

Art Unit: 2631

more data variables comprises an array regresenting power level Qer subchannel

 ”-

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

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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Information regarding the status of an application may be obtained from the

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

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

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

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

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

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

USPTO Customer Service Representative or access to the automated information

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

/KHANH C TRAN/

Primary Examiner, Art Unit 2631
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of:

David M. Krinsky et al.

Serial No.: 13/476,310

Filed: May 21, 2012

Atty. File No.: 6936-2-CON-2-l-4

Group Art Unit: 2631

Confirmation No.: 7896

Examiner: TRAN, Khanh C.

SUPPLEMENTAL

INFORMATION DISCLOSURE

Entitled: “MULTICARRIER MODULATION

MESSAGING FOR POWER LEVEL PER

SUBCHANNEL INFORMATION”

STATEMENT\/\/s/\/\/\/s/\./\/e
Electronically Submitted

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 223 1 3~l 450

Dear Sir:

The references cited on attached Form PTO—1449 are being called to the attention

of the Examiner.

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

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

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

accordance with 37 C.F.R. § 1.98(a).

El 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.

El To the best of applicants’ belief, the pertinence of the f0reign—language references

are believed to be summarized in the attached English translation/abstracts and/or in the

figures, although applicants do not necessarily vouch for the accuracy of the translation.

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

0 Serial No. filed , (Attorney’s Ref. No.

C] Other:

Submission of the above information is not intended as an admission that any item

is citable under the statutes or rules to support a rejection, that any item disclosed

represents analogous art, or that those skilled in the art would refer to or recognize the

pertinence of any reference without the benefit of hindsight, nor should an inference be

drawn as to the pertinence of the references based on the order in which they are presented.

1
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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 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 l.S3(d), or

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

Before the mailing date ofa first Office Action on the merits, or

Before the mailing ofa first Office action after the filing ofa request for continued examination under
37 CFR 1.1 I4.

Although no fee is believed due, ifany fee is deemed due in connection with this submission, please charge such fee to
Deposit Account 19-l970.

37 CFR 1.97(c): The information disclosure statement transmitted herewith is being filed after all the above conditions (37
CFR l.97(b)), but before the mailing date of one of the following conditions:

(1) a final action under 37 CFR. l.l 13 or
(2) a notice of allowance under 37 CFR. 1.31 l, or
(3) an action that otherwise closes prosecution in the application.

This information Disclosure Statement is accompanied by:

E A Certification (below) as specified by 37 CFR. 1.97(e). Although no fee is believed due, ifany fee is deemed
due in connection with this submission, please charge such fee to Deposit Account l9-I970.OR

El Please charge Deposit Account l9-1970 in the amount of$l 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 to DepositAccount 19-1970.

37 CFR l.97(d): This Information Disclosure Statement is being submitted after the period specified in 37 CFR l.97(c).

|:] This information Disclosure Statement includes a Certification (below) as specified by 37 C.F.R, l.97(e)AND

D Applicants hereby requests consideration of the reference(s) disclosed herein. Please charge Deposit Account
l9-1970 in the amount of $180.00 under 37 C.F.R. l.l7(p). Please credit any overpayment or charge any underpayment to
Deposit Account l9~l970. Election to pay the fee should not be taken as an indication that applicant(s) cannot execute acertification.
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Certification (37 C.F.R. l.97(e))
(Applicable only if checked)

The undersigned ceitifies 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.
l.97(e)(1).

l_—_l A copy of the communication from the foreign patent office is enclosed.

OR

No item of information contained in this information disclosure statement was
cited in a communication from a foreign patent office in a counterpart foreign
application, and, to the knowledge of the undersigned after making reasonable

inquiry, no item of information contained in this Information Disclosure Statement
was known to any individual designated in 37 C.F.R. 1.56(e) 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.

1560‘ Broadway; Suite 1200
Denver, Colorado 80202-5 l 41

(303) 8639700
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: David M. Krinsky g Group Art Unit: 2631

Application No.: 13/476,310 g Examiner: TRAN, Khanh C.

Filed: May 21, 2012 3 Confirmation No.: 7896

Atty. File No.: 6936-2-CON—2—1—4 g

For: MULTICARRIER MODULATION MESSAGING FOR POWER LEVEL PER

SUBCHANNEL INFORMATION

AMENDMENT AND RESPONSE AND

RESPONSE TO NON-COMPLIANT AMENDMENT

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Madam:

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

mailing date of November 5, 2012 and further to address the Notice ofNon-Compliant

Amendment mailed November 27, 2012. Please credit any overpayment or charge any

underpayment to Deposit Account No. 19-1970.

Please amend the above-identified patent application as follows:

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

this paper.

Remarks begin on page 5 of this paper.

Attorney Docket No.: 693 6—2—CON-2—1—4
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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:

1-43. (Cancelled)

44. (Previously Presented) A transceiver capable of transmitting diagnostic

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 diagnostic 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 power level per subchannel information.

45. (Previously Presented) The transceiver of claim 44, wherein the power level per

subchannel information is based on a Reverb signal.

46. (Previously Presented) A transceiver capable of receiving diagnostic 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 diagnostic 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 power level per subchannel information.

47. (Previously Presented) The transceiver of claim 46, wherein the power level per

subchannel information is based on a Reverb signal.

48. (Previously Presented) In a transceiver capable of transmitting diagnostic

information over a communication channel using multicarrier modulation, a method comprising:

Attorney Docket No.: 6936—2—CON-2-1-4
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transmitting a message, wherein the message comprises one or more data variables that

represent the diagnostic 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 power level per subchannel information.

49. (Previously Presented) The method of claim 48, wherein the power level per

subchannel information is based on a Reverb signal.

50. (Previously Presented) In a transceiver capable of receiving diagnostic

information over a communication channel using multiearrier modulation, a method comprising:

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

represent the diagnostic 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 power level per subchannel information.

51. (Previously Presented) The method of claim 50, wherein the power level per

subchannel information is based on a Reverb signal.

52. (Previously Presented) A communications system for DSL service comprising a

first DSL transceiver capable of transmitting diagnostic information over a communication

channel using multiearrier modulation and a second DSL transceiver capable of receiving the

diagnostic information over the communication channel using multiearrier modulation

comprising:

a transmitter portion of the first transceiver capable of transmitting a message, wherein

the message comprises one or more data variables that represent the diagnostic 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 Signal to Noise ratio per

subchannel during Showtime information; and

Attorney Docket No.: 693 6—2—CON-2- l -4
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a receiver portion of the second transceiver capable of receiving the message, wherein the

message comprises the one or more data variables that represent the diagnostic information,

wherein the bits in the message were modulated onto the DMT symbols using Quadrature

Amplitude Modulation (QAM) with more than 1 bit per subchannel and wherein the at least one

data variable of the one or more data variables comprises the array representing Signal to Noise

ratio per subchannel during Showtime information.

53. (New) The system of claim 52, wherein the DSL service is for internet access.

Attorney Docket N0.: 6936-2—CON—2—l —4
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REMARKS

Applicant requests reconsideration of this application as amended and based on the

accompanying Terminal Disclaimer.

Claims 44-53 are pending.

By this amendment, new dependent claim 53 has been added.

Ex. Tran is expressly thanked for the indication that claims 44-52 would be allowed if the

requested Terminal Disclaimers are filed.

Accompanying this response are Terminal Disclaimers for U.S. Patent No. 8,238,412,

U.S. Patent No. 7,835,430, and U.S. Patent No. 7,889,784, which therefore renders the double

patenting rejections moot.

With all rejections having been overcome, Applicant respectfully submits the application

is in condition for allowance. A prompt Notice of Allowance is respectfully solicited.

Should the Examiner believe anything further is desirable in order to place the

application in even better condition for allowance, the Examiner is encouraged to contact

Applicants undersigned representative at the telephone number listed below.

The Commissioner is hereby authorized to charge to deposit account number l9~l97O

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.

1560 Broadway, Suite 1200
Denver, Colorado 80202

Telephone: 303-863-9700

Attorney Docket No.: 6936~2-CON-2- l -4
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Application No. App|icant(s)
Notice of Non-Compliant Amendment 13/475310 KWNSKY 5 AL-

(37 CFR 1.121)

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

The amendment document filed on 19 November 2012 is considered non-compliant because it has failed to meet the
requirements of 37 CFR 1.121 or 1.4. In order for the amendment document to be compliant, correction of the following
item(s) is required.

THE FOLLOWING MARKED (X) ITEM(S) CAUSE THE AMENDMENT DOCUMENT TO BE NON—COMPLIANT:
I:I 1. Amendments to the specification:

III A. Amended paragraph(s) do not include markings.
|:| B. New paragraph(s) should not be underlined.
I:I C. Other

I:| 2. Abstract:

|:I A. Not presented on a separate sheet. 37 CFR 1.72.
E] B. Other

I] 3. Amendments to the drawings:
I:I A. The drawings are not properly identified in the top margin as “Replacement Sheet,” “New Sheet," or

“Annotated Sheet" as required by 37 CFR 1.’I2’I(d).
E] B. The practice of submitting proposed drawing correction has been eliminated. Replacement drawings

showing amended figures, without markings, in compliance with 37 CFR 1.84 are required.
I:I C. Other

IZI 4. Amendments to the claims:
IZI A. A complete listing of all of the claims is not present.
III B. The listing of claims does not include the text of all pending claims (including withdrawn claims)
I:I C. Each claim has not been provided with the proper status identifier, and as such, the individual status

of each claim cannot be identified. Note: the status of every claim must be indicated after its claim
number by using one of the following status identifiers: (Original), (Currently amended), (Canceled),
(Previously presented), (New), (Not entered), (Withdrawn) and (Withdrawn—currentIy amended).

|:| D. The claims of this amendment paper have not been presented in ascending numerical order.
|:| E. Other:

|:l 5. Other (e.g., the amendment is unsigned or not signed in accordance with 37 CFR 1.4): For further explanation
of the amendment format required by 37 CFR 1.121, see MPEP § 714.

TIME PERIODS FOR FILING A REPLY TO THIS NOTICE:

1. Applicant is given no new time period if the non-compliant amendment is an after—finaI amendment or an
amendment filed after allowance, or a drawing submission (only) If applicant wishes to resubmit the non-compliant
after-final amendment with corrections, the entire corrected amendment must be resubmitted.

Applicant is given one month, or thirty (30) days, whichever is longer, from the mail date of this notice to supply the
correction, if the non-compliant amendment is one of the following: a preliminary amendment, a non—finaI amendment
(including a submission for a request for continued examination (RCE) under 37 CFR 1.114), a supplemental
amendment filed within a suspension period under 37 CFR 1.103(a) or (c), and an amendment filed in response to a
Quayle action. If any of above boxes 1 to 4 are checked, the correction required is only the corrected section of the
non-compliant amendment in compliance with 37 CFR 1.121.

Extensions of time are available under 37 CFR 1.136(a) only if the non-compliant amendment is a non-final
amendment or an amendment filed in response to a Quayle action.
Failure to timely respond to this notice will result in:

Abandonment of the application if the non-compliant amendment is a non—finaI amendment or an amendment
filed in response to a Quayle action; or
Non-entry of the amendment if the non-compliant amendment is a preliminary amendment or supplemental
amendment.

Legal Instruments Examiner (LIE), if applicable /PAULA BRITTON/ Telephone No: (571 )272—1556

U.S. Patent and Trademark Office Fan of Paper No_ 20121124-1
PTOL—324 (04-06) Notice of Non-Compliant Amendment (37 CFR 1.121)
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PTO/SB/26

Doc code; D|sT.E.F|LE U.S. Patent a nd Trademark Office

Document Description: Electronic Terminal Disclaimer - Filed Department Of Commerce

Electronic Petition Request TERMINAL DISCLAIMER To OBVIATE A DOUBLE PATENTING REJECTION OVER A
”PRlOR" PATENT

Application Number 13476310

Filing Date 21-May-2012

First Named Inventor David Krinsky

Attorney Docket Number 6936-2-CON-2-1-4

Title of Invention

Multicarrier Modulation Messaging for Power Level Per Subchannel Information

g Filing of terminal disclaimer does not obviate requirement for response under 37 CFR 1.111 to outstandingOffice Action

E] This electronic Terminal Disclaimer is not being used for a Joint Research Agreement.

TQ DELTA, LLC

The owner(s) with percent interest listed above in the instant application hereby disclaims, except as provided below, the
terminal part of the statutow term ofany patent granted on the instant application which would extend beyond the expiration
date ofthe full statutow term of prior patent number(s)

8238412

7835430

7889784

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 ofany patent granted on the instant
application that would extend to the expiration date ofthe full statutory term ofthe 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 ofcompetentjurisdiction;
- 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 statutow term as presently shortened by any terminal disclaimer.
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Terminal disclaimer fee under 37 CFR 1.20(d) is included with Electronic Terminal Disclaimer request.

I certify, in accordance with 37 CFR 1.4(d)(4), that the terminal disclaimer fee under 37 CFR 1.20(d)
required for this terminal disclaimer has already been paid in the above—identified application.

Applicant is no longer claiming SMALL ENTITY status. See 37 CFR I.27(g)(2).

@)

O

@ Applicant claims SMALL ENTITY status. See 37 CFR 1.27.

O

O Applicant(s) status remains as SMALL ENTITY.

O Applicant(s) status remains as other than SMALL ENTITY.

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and
beliefare believed to be true; and further that these statements were made with the knowledge that willful false statements and
the like so made are punishable by fine or imprisonment, or both, under Section 1001 ofTitle 18 of the United States Code and
that such willful false statements may jeopardize the validity of the application or any patent issued thereon.

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES

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

© An attorney or agent registered to practice before the Patent and Trademark Office who is of record inthis application

Registration Number 45285

O A sole inventor

O Ajoint inventor; I certify that I am authorized to sign this submission on behalf ofall of the inventors

O Ajoint inventor; all of whom are signing this request

0 The assig nee of record of the entire interest that has properly made itself of record pursuant to 37 CFR 3.71

Jason H. Vick

*Statement under 37 CFR 3.73(b) is required ifterminal disclaimer is signed by the assignee (owner).
Form PTO/SB/96 may be used for making this certification. See MPEP § 324.
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Electronic Patent Application Fee Transmittal

Application Number: 13476310

Filing Date: 21-May-2012

Multicarrier Modulation Messaging for Power Level Per SubchannelTitle of Invention: .Information

First Named Inventor/Applicant Name: David M. Krinsky

Filer: Jason Vick/Joanne Vos

Filed as Small Entity

Utility under 35 USC111(a) Filing Fees

Sub-Total in

USD($)

Basic Filing:

Pages:

Description

Claims:

Miscellaneous-Filing:

Patent-Appeals-and-Interference:

Post-AlIowance-and-Post-Issuance:

Extension-of-Time:
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 S":-;-;(t$a)l in
Miscellaneous:

Total in USD ($)
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Doc Code: D|SQ.E.F|LE

Document Description: Electronic Terminal Disclaimer — Approved

Application No.: 13475310

Filing Date: 21.May-2o12

Applicant/Patent under Reexamination: Kringky et aI_

Electronic Terminal Disclaimer filed on November 19, 2012

E APPROVED

This patent is subject to a terminal disclaimer

|:| DISAPPROVED

Approved/Disapproved by: Electronic Terminal Disclaimer automatically approved by EFS-Web

U.S. Patent and Trademark Office



Page 90 of 519

Electronic Acknowledgement Receipt

EFS ID: 14263072

Application Number: 13476310

International Application Number:

Confirmation Number: 7896

. . Multicarrier Modulation Messaging for Power Level Per SubchannelTitle of Invention: .Information

First Named Inventor/Applicant Name: David M. Krinsky

Customer Number: 62574

Filer Authorized By: Jason Vick

Attorney Docket Number: 6936-2-CON-2-1-4

Receipt Date: 19-Nov-2012

Filing Date: 21-MAY—201 2

Application Type: Utility under 35 USC111(a)

Payment information:

Submitted with Payment yes

Deposit Account 191970

Authorized User

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

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

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

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

File Listing:

File Size(Bytes)/
Message Digest Part /.zip (if appl.)

Document
Document Description File NameNumber

33865

Electronic Terminal Disclaimer-Filed eTerminal-Disclaimer.pdf ai=(h':e00':48e49fraR I 474470a':7764htlh’;
89430

Information:

30178

Fee Worksheet (SB06) fee-info.pdf H79hrlhf77ra76h967tlfh4efif0rlh77h9ffe
e5L

Information:

Total Files Size (in bytes): 64043

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 of an 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/R0/1 05) 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 g Group Art Unit: 2631

Application No.: 13/476,310 3 Examiner: TRAN, Khanh C.

Filed: May 21,2012 3 Confirmation No.: 7896
)

)

For: MULTICARRIER MODULATION MESSAGING FOR POWER LEVEL PER
SUBCHANNEL INFORMATION

Atty. File No.: 6936-2-CON-2-1-4

AMENDMENT AND RESPONSE

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 223 13—145O

Madam:

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

mailing date of November 5, 2012. Please credit any overpayment or charge any underpayment

to Deposit Account No. 19-1970.

Please amend the above-identified patent application as follows:

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

this paper.

Remarks begin on page 5 of this paper.

Attorney Docket No.: 6936-2-CON-2-1 -4
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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:

44. (Previously Presented) A transceiver capable of transmitting diagnostic

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 diagnostic 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 power level per subchannel information.

45. (Previously Presented) The transceiver of claim 44, wherein the power level per

subchannel information is based on a Reverb signal.

46. (Previously Presented) A transceiver capable of receiving diagnostic 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 diagnostic 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 power level per subchannel information.

47. (Previously Presented) The transceiver of claim 46, wherein the power level per

subchannel information is based on a Reverb signal.

48. (Previously Presented) In a transceiver capable of transmitting diagnostic

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 diagnostic information, wherein bits in the message are modulated onto DMT

Attorney Docket No.2 693 6-2-CON—2—l -4
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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 power level per subchannel information.

49. (Previously Presented) The method of claim 48, wherein the power level per

subchannel information is based on a Reverb signal.

50. (Previously Presented) In a transceiver capable of receiving diagnostic

information over a communication channel using multicarrier modulation, a method comprising:

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

represent the diagnostic 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 power level per subchannel information.

51. (Previously Presented) The method of claim 50, wherein the power level per

subchannel information is based on a Reverb signal.

52. (Previously Presented) A communications system for DSL service comprising a

first DSL transceiver capable of transmitting diagnostic information over a communication

channel using multicarrier modulation and a second DSL transceiver capable of receiving the

diagnostic information over the communication channel using multicarrier modulation

comprising:

a transmitter portion of the first transceiver capable of transmitting a message, wherein

the message comprises one or more data variables that represent the diagnostic 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 Signal to Noise ratio per

subchannel during Showtime information; and

a receiver portion of the second transceiver capable of receiving the message, wherein the

message comprises the one or more data variables that represent the diagnostic information,

Attorney Docket No.: 6936—2-CON-2- 1 -4
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wherein the bits in the message were modulated onto the DMT symbols using Quadrature

Amplitude Modulation (QAM) with more than 1 bit per subchannel and wherein the at least one

data variable of the one or more data Variables comprises the array representing Signal to Noise

ratio per subchannel during Showtime information.

53. (New) The system of claim 52, wherein the DSL service is for internet access.

Attomey Docket No.: 693 6-2-CON-2-l-4
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REMARKS

Applicant requests reconsideration of this application as amended and based on the

accompanying Terminal Disclaimer.

Claims 44-53 are pending.

By this amendment, new dependent claim 53 has been added.

Ex. Tran is expressly thanked for the indication that claims 44-52 would be allowed if the

requested Terminal Disclaimers are filed.

Accompanying this response are Terminal Disclaimers for U.S. Patent No. 8,238,412,

U.S. Patent No. 7,835,430, and U.S. Patent No. 7,889,784, which therefore renders the double

patenting rejections moot.

With all rejections having been overcome, Applicant respectfully submits the application

is in condition for allowance. A prompt Notice of Allowance is respectfully solicited.

Should the Examiner believe anything further is desirable in order to place the

application in even better condition for allowance, the Examiner is encouraged to contact

Applicants undersigned representative at the telephone number listed below.

The Commissioner is hereby authorized to charge to deposit account number 19-1970

any fees under 37 CFR § 1.16 and 1.17 that may be required by this paper and to credit any

overpayment to that Account. If any extension of time is required in connection with the filing

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

Respectfully submitted,

SHERIDAN ROSS P.C.

ason H. Vick

/ Reg. No. 45,285
1560 Broadway, Suite 1200

Denver, Colorado 80202

Telephone: 303-863-9700

Attorney Docket No .: 693 6-2-CON-2-1-4
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Electronic Acknowledgement Receipt

EFS ID: 14263241

Application Number: 13476310

International Application Number:

Confirmation Number: 7896

Multicarrier Modulation Messaging for Power Level Per SubchannelTitle of Invention: .Information

First Named Inventor/Applicant Name: David M. Krinsky

Customer Number: 62574

Filer Authorized By: Jason Vick

Attorney Docket Number: 6936-2-CON-2-1-4

Receipt Date: 19-Nov-2012

Filing Date: 21-MAY—201 2

Application Type: Utility under 35 USC111(a)

Payment information:

Submitted with Payment no

File Listing:

Document . . File Size(Bytes)/ Multi Pages

 Message Digest Part /‘zip appl.)
388485

AMEND_O1.pdf lafial rl§§74S7rSf477fif74’:0SSl rl779S3(:77
23433
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Multipart Description/PDF files in .zip description

Document Description

Amend ment/Req. Reconsideration-After Non-Final Reject

Applicant Arguments/Remarks Made in an Amendment

Information:

Total Files Size (in bytes): 388485

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 of an 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 clue 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/1 05) 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 UVTTFIT) STATES DFIPARTMFIVT OF‘ (‘(’)MI\’IFIR(‘FI
United States Patent and Trademark Office
Addie» C‘OMMISSIO_\'ER FOR PATENTSPO Rm: I450

AI€X1ndIm, Vl.I'g1.I’l.|a 22313-1450wv/Wusptogov

13/476,310 05/21/2012 David M. Kfinsky 6936-2-CON-2-1-4
CONFIRMATION NO. 7896

62574 POA ACCEPTANCE LETTER
Jason H. Vick

Sheridan Ross, PC ||||||||| ||||||1||||1|Ilflfljillill||1||||1|1||||| |1||11|||| |||1||||I| ||||||||||||||||||||||1000OO0057508227
Suite # 1200

1560 Broadway
Denver, CO 80202

Date Mailed: 11/13/2012

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 11/05/2012.

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.

/Vvan/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101



Page 100 of 519

UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
Ilnjted States Patent and Trademark Oflfice
Address: COMTVIIS SION * FOR PATENTS

P 0 Box l4S0
Alexandria, Virginia 22313-1450
www uspm gov

APPLICATION NO. FILING DATE FIRST NAl\/ED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

13/476,310 05/21/2012 David M. Krinsky 5550—2—CON2—l—4 7896

62574 7590 11/05/2012. EXAMINER
Jason H. Vick

Sheridan Ross, PC
Suite # 1200

1560 Broadway PAPER NUMBER
Denver, CO 80202

TRAN, KIIANII C

NOTIFICATION DATE DELIVERY MODE

1 1/05/2012 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):

jVicl<@ sheridanrosscom

PTOL—90A (Rev 04/07)



Page 101 of 519

Application No. App|icant(s)

13/476,310 KRINSKY ET AL.

Office Action Summary Examiner A“ Unit
KHANH C. TRAN 2631

-- 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,
WHICH EVER IS LONGER, FROM THE MAILING DATE OF TH IS COMMUNICATION.
- Extensions of time may be available under the provisions of 37 CFR1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- lf 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)|Z Responsive to communication(s) filed on 21 May 2012.

This action is FINAL. 2b)E This action is non-final.

An election was made by the applicant in response to a restriction requirement set forth during the interview on

j; the restriction requirement and election have been incorporated into this action.

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 Exparte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

5)lZ Claim(s) mus/are pending in the application.

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

is/are objected to.

are subject to restriction and/or election requirement.

Application Papers

10)|:| The specification is objected to by the Examiner.

11)lXl The drawing(s) filed on 21 Maj; 2012is/are: a)|Xl accepted or b)|:l objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

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

12)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

13)|:| Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119( )-(d) or (f).

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

Certified copies of the priority documents have been received.

Certified copies of the 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( )).

* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) El Notice of References Cited (PTO—892) 4) El Interview Summary (PTO—413)
2) D Notice of Draftspersons Patent Drawing Review (PTO-948) Papei N°(3)/M3” D3T9-j -
3) IX Information Disclosure Statement(s) (PTO/SB/08) 5) El NOIIC9 Of 'nf°I'mal Palem APP”CaTi°I'|

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

PTOL—326 (Rev. 03-11) Oltice Action Summary Part of Paper No./Mail Date 20121026
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Application/Control Number: 13/476,310

Art Unit: 2631

DETAILED ACTION

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 claim(s) because the examined application claim is either anticipated

by, or would have been obvious over, the reference c|aim(s). See, e.g., In re Berg, 140

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.
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Application/Control Number: 13/476,310 Page 3

Art Unit: 2631

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).

1. Claim 44 is rejected on the ground of nonstatutory obviousness—type double

patenting as being unpatentable over claim 1 of U.S. Patent No. 8,238,412. Although

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

because the application claim defines an invention that is merely an obvious variation of

that of the Patent claim.

Application claim differs from Patent claim in that application claim recites

"diagnostic information "while patent claim recites "festinformafion Because

“diagnostic information" corresponds to the test information, therefore, it would have

been obvious for one of ordinary skill in the art at the time the invention was made that

the application claim is merely an obvious variation of that of the patent claim.

2. Claim 45 is rejected on the same ground, as discussed in claim 44 rejection, of

nonstatutory obviousness—type double patenting as being unpatentable over claim 2 of

U.S. Patent No. 8,238,412.

3. Claim 46 is rejected on the same ground, as discussed in claim 44 rejection, of

nonstatutory obviousness—type double patenting as being unpatentable over claim 3 of

U.S. Patent No. 8,238,412.
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4. Claim 47 is rejected on the same ground, as discussed in claim 44 rejection, of

nonstatutory obviousness—type double patenting as being unpatentable over claim 4 of

U.S. Patent No. 8,238,412.

5. Claim 48 is rejected on the same ground, as discussed in claim 44 rejection, of

nonstatutory obviousness—type double patenting as being unpatentable over claim 5 of

U.S. Patent No. 8,238,412.

6. Claim 49 is rejected on the same ground, as discussed in claim 44 rejection, of

nonstatutory obviousness—type double patenting as being unpatentable over claim 6 of

U.S. Patent No. 8,238,412.

7. Claim 50 is rejected on the same ground, as discussed in claim 44 rejection, of

nonstatutory obviousness—type double patenting as being unpatentable over claim 7 of

U.S. Patent No. 8,238,412.

8. Claim 51 is rejected on the same ground, as discussed in claim 44 rejection, of

nonstatutory obviousness—type double patenting as being unpatentable over claim 8 of

US. Patent No. 8,238,412.
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9. Claim 52 is rejected on the same ground, as discussed in claim 44 rejection, of

nonstatutory obviousness—type double patenting as being unpatentable over claim 13 of

U.S. Patent No. 8,238,412.

10. Claim 44 is rejected on the ground of nonstatutory obviousness—type double

patenting as being unpatentable over claim 1 of U.S. Patent No. 7,835,430 B2.

Although the conflicting claims are not identical, they are not patentably distinct from

each other because application claim defines an invention that is an obvious variation of

that of the Patent claim. Patent claim differs from application claim in that Patent claim

recites "an array representing frequency domain received idle channel noise

information " while application claim recites "an array representing power level per sub-

channel information Because "frequency domain received idle channel noise

information" and "power level per subchannel information“ are test information,

therefore, it would have been obvious for one of ordinary skill in the art at the time the

invention was made to modify the Patent claim so that the array representing power

level per sub-channel information as claimed in the application claim.

Furthermore, application claim differs from Patent claim in that application claim

recites "diagnostic information"whi|e patent claim recites "testinformation Because

“diagnostic information" corresponds to the test information, therefore, it would have

been obvious for one of ordinary skill in the art at the time the invention was made that

the application claim is merely an obvious variation of that of the patent claim.
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11. Claim 46 is rejected on the ground, as discussed in claim 44, of nonstatutory

obviousness-type double patenting as being unpatentable over claim 2 of U.S. Patent

No. 7,835,430 B2.

12. Claim 48 is rejected on the ground, as discussed in claim 44, of nonstatutory

obviousness-type double patenting as being unpatentable over claim 3 of U.S. Patent

No. 7,835,430 B2.

13. Claim 50 is rejected on the ground, as discussed in claim 44, of nonstatutory

obviousness-type double patenting as being unpatentable over claim 4 of U.S. Patent

No. 7,835,430 B2.

14. Claim 44 is rejected on the ground of nonstatutory obviousness-type double

patenting as being unpatentable over claim 1 of U.S. Patent No. 7,889,784 B2.

Although the conflicting claims are not identical, they are not patentably distinct from

each other because application claim defines an invention that is an obvious variation of

that of the Patent claim. Patent claim differs from application claim in that Patent claim

recites "an array representing Signal to Noise ratio per subchannel during Showtime

information " while application claim recites "an array representing power level per sub-

channel information". Because " Signal to Noise ratio per subchannel during Showtime

information" and "power level per subchannel information" are test information,

therefore, it would have been obvious for one of ordinary skill in the art at the time the
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invention was made to modify the Patent claim so that the array representing power

level per sub—channel information as claimed in the application claim.

Furthermore, application claim differs from Patent claim in that application claim

recites "diagnostic information"while patent claim recites "fest information". Because

“diagnostic information" corresponds to the test information, therefore, it would have

been obvious for one of ordinary skill in the art at the time the invention was made that

the application claim is merely an obvious variation of that of the patent claim.

15. Claim 46 is rejected on the ground, as discussed in claim 44, of nonstatutory

obviousness-type double patenting as being unpatentable over claim 2 of U.S. Patent

No. 7,335,430 B2.

16. Claim 48 is rejected on the ground, as discussed in claim 44, of nonstatutory

obviousness-type double patenting as being unpatentable over claim 3 of U.S. Patent

No. 7,835,430 B2.

17. Claim 50 is rejected on the ground, as discussed in claim 44, of nonstatutory

obviousness-type double patenting as being unpatentable over claim 4 of U.S. Patent

No. 7,835,430 B2.

Conclusion



Page 108 of 519

Application/Control Number: 13/476,310 Page 8

Art Unit: 2631

18. 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.

Information regarding the status of an application may be obtained from the

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

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

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

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

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

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

USPTO Customer Service Representative or access to the automated information

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

/KHANH C TRAN/

Primary Examiner, Art Unit 2631
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PTO/AIA/80 (07-12)
Approved for use through *1/30/2014, 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 T0 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 0.

I hereby appoint:

E] Eaiitioners associated with Customer Number:
El Praotit|oner(s) named below (if more than ten patent practitioners are to be named, then a customer number must be used):

Registration

As attomey(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 gn_iy to the undersigned according to the USPTO assignment records or assignments documents
attached to this form in accordance with 37 CFR 3.‘/3(c).

Please change the correspondence address for the application identified in the attached statement under 37 CFR 3.713(0) 10:

IE The address -associated with Customer Number: 64
OR

Firm or
individual Narre

Ad dress

City

Telephone

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

A copy of this form, together with a statement under 37 CFR 3.T3(c) (Form PTO/A|AI96 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.

SIGNATURE of Assignee of Record
The individual whose signature and title is supplied below is authorized to act on behalf of the assignee

_’=/'?.’cm.,iz../4‘ ,2;:,...«~._..... /2 2
Mark K. Roche Telephone 512~609-1810

Managing Director
This collection ofintorrnation is required by 57 CFR 1.31, 1.32 and 1.33. The information is required to obtain or retain a benefit by the public which is to file (end
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 lake 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.
US. Patent and Trademark Oflice. US. Department oicommerce. P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria. VA 22313-1450.

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

EFS ID: 14148123

Application Number: 13476310

International Application Number:

Confirmation Number: 7896

Multicarrier Modulation Messaging for Power Level Per SubchannelTitle of Invention: .Information

First Named Inventor/Applicant Name: David M. Krinsky

Customer Number: 62574

Filer Authorized By: Jason Vick

Attorney Docket Number: 6936-2-CON-2-1-4

Receipt Date: 05-Nov-2012

Filing Date: 21-MAY—201 2

Application Type: Utility under 35 USC111(a)

Payment information:

Submitted with Payment no

File Listing:

Document . . File Size(Bytes)/ Multi Pages

 Message Digest Part /‘zip appl.)
422373

EntityStatus_373c_w_POA.pdf 0r§7S§afrrfn=fin=§fi40a§Flrln=7rl9:=n=§74rrl
e59(
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Multipart Description/PDF files in .zip description

Document Description

Miscellaneous Incoming Letter

Assignee showing of ownership per 37 CFR 3.73.

Power of Attorney

Information:

Total Files Size (in bytes): 422373

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
Ifa timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/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
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/1 05) 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 % Art Unit: 2631

Application No.: 13/476,310 3 Examiner: TRAN, Khanh C.

Filed: May 21, 2012 3 Confirmation No.: 7896

Atty. File No.: 6936—2—CON-2—1—4 3

For: MULTICARRIER MODULATION MESSAGING FOR POWER LEVEL PER
SUBCHANNEL INFORMATION

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—identified patent

application 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 application, 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.

/“Mar

_l§ry;M,.,,««::: ’,V:;'f¢/
,2!/Jason H. Vick

Reg. No. 45,285

1560 Broadway, Suite 1200
Denver, Colorado 80202

Telephone: 303-863-9700
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PTO/AIA/96 (08»l 2)
Approved for use through 01/31/2013. OMB 0651-0031

US. 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.

STATEMENT UNDER 37 CFR 3.7310)

Applicant/Patent Owner: TQ DELTA“ LLC

Application No./Patent No.: 13/475310 Filed/Issue Date: May 21: 2012
1-med: MULTICARRIER MODULATION MESSAGING FOR POWER LEVEL PER SUBCHANNEL INFORMATION

TQ DELTA, LLC a Corporation

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

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

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

2. 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.

__ 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. 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 forthe entire
right, title, and interest.

4. The recipient, via a court proceeding or the like (e.g., 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 gig of options A or B below):

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

1_ From. David M. Krinsky and Robert Edmund Pizzano, Jr. T0. AWARE, INC.

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

Reel 012216 , Frame 0842 , or for which a copy thereof is attached.
2. From. _Al_/VARE, INC. T0. TQ DELTA, LLC

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

Ree,o29154 0937, Frame , 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 87 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, US. Department of Commerce, P.O. Box i450, 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.

Ifyau. need assistance in completing theform, call I-800—PTO-9199 and select option 2.
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PTO/AIA/96 (08-12)
Approved tor use through 01/31/2013. OMB 0651-0031

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

STATEMENT UNDER 37 CFR 3.73§c[

To:

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

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

T0:

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: ______ _g _

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

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

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

As required by 37 CFR 3.73(c)(1)(i), the dccumentaw 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]

5’Z»~:».« ‘/2
Date

__ 45,285

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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UNITED STATES PATENT AND TRADEMARK OFFICE UVTTFIT) STATES DFIPARTMFIVT OF‘ (‘(’)MI\’IFIR(‘FI
United States Patent and Trademark Office
Addie» C‘OM1\/1ISS10_\'ER FOR PATENTSPO Rm: I450

Alexandria, Vlrglrlla 22313-1450wv/Wusptogov

13/476,310 05/21/2012 David M. Kfinsky 5550-2-CON2-1-4
CONFIRMATION NO. 7896

62574 PUBLICATION NOTICE
Jason H. Vick

Sheridan Ross, PC |||||||||lllllllllllilllflfljilliil illl IIIIIIIIIQIIIIIUIIIIIIIII||||l|||||||l||||l
Suite # 1200 ‘’ °°°°°

1560 Broadway
Denver, CO 80202

Title:Multicarrier Modulation Messaging for Power Level Per Subchannel Information

Publication No.US—2012—0230476-A1
Publication Date:09/13/2012

NOTICE OF PUBLICATION OF APPLICATION

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

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

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

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

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

Office of Data Managmcnt, Application Assistance Unit (571) 272-4000, 01‘ (571) 272-4200, 01‘ 1-888-786-0101
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Substitute for form 1449A/PTO

INFORMATION DISCLOSURE
STATEMENT BYAP'°L'°A“T

—
555°-2-C0“-1-4

u.s. PATNT DOCUMENTS
Examiner Cite Document Number Publication Date Name of Patentee of Pages, Columns, Lines, Where
lnitials* No.1 Number-kind Code 2 ‘”"”°“’"’ MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant

Fi ures Appear

FOREIGN PATENT DOCUMENTS

Foreign Patent Document Publication Date Name of Patentee or Pages, Columns,
MM-DD-YYYY ‘ pplicant of Cited Lines, Where

Country Codes; Number“; Kind Document Relevant
Code5 {if known) Passages or

Relevant Figures

10-17-1985 FUJITSU LTD (includes
machine

translation of

OTHER ART (Including Author, Title, Date, Pertinent Pages, etc.)
Examiner Cite
lnitials* No.1

Official Action (including translation) for Japanese Patent Application No. 2011—O12155 mailed
June 4, 2012 (Attorney Ref. No.: 5550-2—PJP-DlV—2)

Examiner Date
Signature Considered

*EXAMlNER: 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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’12.6./1OA

PATENT ABSTRACTS OF JAPAN Cm R"f"‘"C“°C 01’

(11)Pub|ication number : 60-206346

(43)Date of publication of application : 17.10.1985

(51 )Int.C|. H04L 13/00

(21)App|ication number : 59-063897 (71)App|icant : FUJITSU LTD

(22)Date of filing : 30.03.1984 (72)Inventor : NAKAYAMA TAKESHI
MASUNAGA NAOHIRO
KOBA MITSUHIRO
SHINCHI MICHIHIRO

(54) SETTING SYSTEM OF MODULATING AND DEMODULATING DEVICE

(57)Abstract:

PURPOSE: To reduce the number of set modulating and demodulating

devices (MODEM) by storing test data and set data in MODEMs and
transmitting and receiving test data following set data between stations
and collating these data with data of stations themselves by reception-
side MODEMs.

CONSTITUTION: A communication controller 2 sends a control signal to

an MODEM 3-1. A processor 11 P33 decodes this control signal and

checks whether this control signal is a special control signal (a set mode
signal or a test mode signal) or not; and if it indicates the set mode, the
controller 2 switches a switching part 31 to its own station side and
instructs the MODEM of the other party station to answer back the set
mode and sends set data 35-1 stored in a memory 35. The MODEM of
the other party station collates this data with set data of the station
itself, and set data is turned back if they coincide with each other, but

an error signal is answered back otherwise. When receiving said turned-
back signal, the /.1 P33 reports the disaccord of the other party station
to the controller 2 if this signal and set data 35-1 of its own station do
not coincide with each other. If they coincide with each other, the ,u P33

takes out test data 35-2 to be turned back in the memory 35 and
performs the same operation as transmission and reception of set data.
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SPLITTERLESS DIGITAL SUBSCRIBER

LINE COMMUNICATION SYSTEM

FIELD OF THE INVENTION

The present invention relates generally to

communication systems. More particularly, the present
invention relates to a digital subscriber line modem.

BACKGROUND OF THE INVENTION

Explosive growth of the internet and the

worldwide web is driving a need for increased

communication data rates. In the corporate world, the

need for high-speed access or data rates is met by

dedicated high-speed links (perhaps Tl/E1 frame relays or
OCl ATM systems) from the company to an internet access

provider. Users in the company utilize a local area

network (LAN) to gain access to an internet access router

which is attached to the high—speed link. Unfortunately,
home users of the internet do not often have a high—speed
link and must rely on standard analog or plain old
telephone service (POTS) line.

The need for high-speed access to the home is

ever increasing due to the availability of information,
data, programs, entertainment, and other computer
applications on the worldwide web and the internet. For

example, designers of web technology are constantly

developing new ways to provide sensory experiences,
including audio and video, to users of the web (web
surfers). Higher-speed modems will be required so the

home user can fully interact with incoming web and
communication technologies.
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Although designers of modems are continuously

attempting to increase data rates, analog or POTS line

modems are presently only able to reach data rates of up
to 56 kilobits per second (Kbps). These conventional

analog modems transmit and receive information on POTS

subscriber lines through the public switched telephone

network. The internet access provider is also coupled to

the switched telephone network and transmits and receives

information through it to the subscriber line.

some home users have utilized ISDN equipment

and subscriptions to obtain up to 128 Kbps access or data

rates by the use of 2 B channels. ISDN equipment and

subscriptions can be expensive and require a dedicated

subscriber line. Heretofore, neither ISDN modems nor

analog modems are capable of providing 256 Kbps or higher
access between the home and the internet. Over one

megabit per second (Mbps) data rates with analog modems

or ISDN equipment do not seem feasible at this time.

A variety of communication technologies are

competing to provide high-speed access to the home. For

example, asymmetric digital subscriber lines (ADSL),

cable modems, satellite broadcast, wireless LANs, and
direct fiber connections to the home have all been

suggested. of these technologies, the asymmetric digital

subscriber line can utilize the POTS subscriber line (the
wire currently being utilized for POTS) between the home

user (the residence) and the telephone company (the
central office).

ADSL networks and protocols were developed in

the early 1990's to allow telephone companies to provide
video-on-demand service over the same wires which were

being used to provide POTS. ADSL technologies include

discrete multitone (DMT), carrierless amplitude and phase
modulation (CAP), high~speed ADSL (HADSL), and other

technologies. Although the video-on-demand market has

been less than originally expected, telephone companies
have recognized the potential application of ADSL
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technology for internet access and have begun limited
offerings.

ADSL technology allows telephone companies to

offer high—speed internet access and also allows

telephone companies to remove internet traffic from the

telephone switch network. Telephone companies cannot

significantly profit from internet traffic in the

telephone switch network due to regulatory

considerations. In contrast, the telephone company can

charge a separate access fee for ADSL services. The

separate fee is not as restricted by regulatory
considerations.

With reference to FIGURE 1, a conventional

asymmetric ADSL (ADSL) system 10 includes a copper

twisted pair analog subscriber line 12, an ADSL modem 14,

an ADSL modem 16, a band splitter 18, and a band splitter

20. Line 12 is a POTS local loop or wire connecting a

central office 32 of the telephone company and a user's
residence 22.

ADSL modem 14 is located in user's residence 22

and provides data to and from subscriber line 12. The

data can be provided from line 12 through modem 14 to

various equipment (not shown) coupled to modem 14.

Equipment, such as, computers, network devices, servers,
or other devices, can be attached to modem 14. Modem 14

communicates with a data network (not shown) coupled to
modem 16 across line 12. ADSL modem 16 receives and

transmits signals to and from line 12 to the data

network. The data network can be coupled to other

networks (not shown), including the internet.

At least one analog telephone 26, located in

residence 22, can be coupled to subscriber line 12

through splitter 20 for communications across line 12

with telephone switch network 28. Telephone 26 and

telephone switch network 28 (e.g., public-switched

telephone (PST) network) are conventional systems well-

known in the art. Alternatively, other analog
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equipment, such as, facsimile machines, POTS modems,

answering machines, and other telephonic equipment, can

be coupled to line 12 through splitter 20.

System 10 requires that band splitter 18 and

band splitter 20 be utilized to separate higher frequency

ADSL signals and lower frequency POTS signals. For

example, when the user makes a call from residence 22 on

telephone 26, lower frequency signals (under 4 kilohertz

(kHz)) are provided through band splitter 20 to

subscriber line 12 and through band splitter 18 to

telephone switch network 28. Band splitter 18 prevents

the lower frequency POTS signals from reaching ADSL modem

16. Similarly, band splitter 20 prevents any of the POTS

signals from reaching modem 14.

ADSL modem 16 and ADSL modem 14 communicate

higher frequency ADSL signals across subscriber line 12.

The higher frequency ADSL signals are prevented from

reaching telephone 26 and telephone switch network 28 by

band splitters 20 and 18, respectively. Splitters 18 and

20 can be passive analog filters or other devices which

separate lower frequency POTS signals (below 4 kHz) from

higher frequency ADSL signals (above 50 kHz).

The separation of the POTS signals and ADSL

signals by splitters 18 and 20 is necessary to preserve

POTS voice and data traffic and ADSL data traffic. More

particularly, splitters 18 and 20 can eliminate various

effects associated with POTS equipment which may affect

the transmission of ADSL signals on subscriber line 12.

For example, the impedance of subscriber line 12 can

vary greatly as at least one telephone 26 is placed on-

hook or off—hook. Additionally, the changes in impedance

of subscriber line 12 can change the ADSL channel

characteristics associated with subscriber line 12.

These changes in characteristics can be particularly

destructive at the higher frequencies associated with

ADSL signals (e.g., from 30 kHz to 1 megahertz (M2) or
more).
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Additionally, splitters 18 and 20 isolate

subscriber line wiring within residence 22. The

impedance of such wiring is difficult to predict.

Further still, the POTS equipment, such as, telephone 26,

provides a source of noise and nonlinear distortion.

Noise can be caused by POTS voice traffic (e.g.,

shouting, loud laughter, etc.) and by POTS protocol, such

as, the ringing signal. The nonlinear distortion is due

to the nonlinear devices included in conventional

telephones. For example, transistor and diode circuits

in telephone 26 can add nonlinear distortion and cause

hard clipping of ADSL signals. Telephone 26 can further

generate harmonics which can reach the frequency ranges

associated with the ADSL signals. The nonlinear

components can also demodulate ADSL signals to cause a

hiss in the audio range which affects the POTS.

Conventional ADSL technology has several

significant drawbacks. First, the costs associated with

ADSL services can be quite large. Telephone companies

incur costs related to central office equipment (ADSL

modems and ADSL network equipment) and installation costs

associated with the ADSL modems and network equipment.

Residential users incur subscriber equipment costs (ADSL
modems) and installation costs.

Installation costs are particularly expensive

for the residential user because trained service

personnel must travel to residence 22 to install band

splitter 20 (FIGURE 1). Although band splitter 18 must

be installed at the central office, this cost is somewhat

less because service personnel can install band splitter

18 within central office 32. Also, at office 32,

splitter 18 can be included in ADSL modem 16. However,

in residence 22, splitter 20 must be provided at the end
of subscriber line 12.

Additionally, ADSL equipment for the residence,

such as, modem 14, is expensive because the most complex

component of modem 14 (e.g., the receiver) is located at
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residence 22 since high—speed transmissions are generally

received within residence 22, and lower—speed

transmissions are received by central office 32. In most

internet applications, larger amounts of data are

requested by the residential user rather than by the

internet source. Receivers are typically much more

complex than transmitters. These high—speed receivers

often receive data at rates of over 6 Mbps.

ADSL equipment can be subject to cross—talk

noise from other subscriber lines situated adjacent to

subscriber line 12. For example, subscriber lines are

often provided in a closely contained bundle. The close

containment can cause cross—talk from other subscriber

lines to be placed on subscriber line 12. Modem 14 must
compensate for cross—talk noise.

Thus, there is a need for a digital subscriber

line (DSL) communication system which does not require

the use of a splitter in the residence. Further, there

is a need for a communication system which allows a DSL

modem to be connected directly to the subscriber line

similar to the use of a conventional analog modem. Even

further, there is a need for a less expensive DSL modem

which does not utilize a considerably expensive high-

speed receiver which operates at data rates over 2 Mbps.

Further still, there is a need for a DSL modem which is

not susceptible to errors due to POTS activity on the
subscriber line.

SUMMARY OF THE INVENTION

The present invention relates generally to a

digital subscriber line modem adapted to be coupled

directly to a subscriber line. The modem is capable of
simultaneous access to the subscriber line with other

telephone equipment operating in a frequency band below

4,000 kilohertz. The modem includes a data terminal for

coupling to the subscriber line and a control circuit

coupled to the data terminal. The control circuit
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receives and transmits signals to and from the data

terminal. The control circuit utilizes digital signal

processing techniques to adapt to varying subscriber line

characteristics. The digital signal processing

techniques allow the data terminal to be coupled directly

to the subscriber line without the use of a splitter.

The present invention further relates to a

digital subscriber line modem adapted to be coupled

directly to a subscriber line. The modem is capable of

simultaneous access to the subscriber line with other

telephone equipment operating in a frequency band below 4

kilohertz. The modem includes a data terminal or

subscriber line access adapted to be coupled to the

subscriber line and a control means for receiving and

transmitting signals to and from the data terminal. The

control means includes an equalizer means for filtering
the signals to accommodate characteristics of the

subscriber line, an error processing means for providing

a rapid retrain signal in response to an error condition,

and a rapid retrain means for rapidly converging the

equalizer means in response to the rapid retrain signal.

The control means allows the data terminal to be coupled

directly to the subscriber line without the use of a

splitter.

The present invention even further relates to a

communication system for use with a subscriber line. The

communication system includes a user digital subscriber

line modem located at a user site, a splitter located

remotely from the user site, and an office digital

subscriber line modem. The user digital subscriber line

modem is coupled directly to the subscriber line and

receives downstream signals from the subscriber line and

transmits upstream signals to the subscriber line. The

user digital subscriber line modem utilizes digital

signal processing techniques to adapt to varying

subscriber line characteristics. The digital signal

processing techniques allow the data terminal to be
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coupled directly to the subscriber line without the use

of a splitter between the subscriber line and the user

digital subscriber line modem. The splitter has a signal

terminal, a lower—frequency path terminal, and a higher-

frequency path terminal. The signal terminal is coupled

to the subscriber line. The lower-frequency path

terminal is coupled to a switched telephone network. The

office digital subscriber line modem is coupled to the

higher-frequency path terminal. The office digital

subscriber line modem transmits the downstream signals to

the subscriber line through the splitter and receives the

upstream signals from the subscriber line through the
splitter.

The present invention still further relates to

a customer asymmetric digital subscriber line modem for

use in a communication system, including a subscriber

line coupled between an office site and a user site. The

communication system includes a splitter located remotely

from the user site. The splitter has a signal terminal,

a lower-frequency path terminal, and a higher-frequency

path terminal. The signal terminal is coupled to the

subscriber line. The lower—frequency path terminal is

coupled to a telephone switch network. The communication

system also includes an office asymmetric digital

subscriber line modem coupled to the higher—frequency

path terminal. The office digital subscriber line modem

transmits downstream signals to the subscriber line

through the splitter and receives upstream signals from

the subscriber line through the splitter. The customer

asymmetric digital subscriber line modem includes a data

terminal for coupling directly to the subscriber line and

a control circuit. The control circuit is coupled to the

data terminal. The control circuit receives the

downstream signals in a first frequency range and

transmits the upstream signals in a second frequency

range. The control circuit utilizes digital signal

processing techniques to adapt to varying subscriber line
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characteristics. The digital signal processing

techniques allow the data terminal to be coupled directly

to the subscriber line without the use of a splitter at
the user site.

According to an exemplary aspect of the present

invention, the communication system allows POTS signals

and ADSL signals to be simultaneously transmitted on a

subscriber line without the use of a splitter located in

the user's residence. Digital signal processing

techniques are utilized to adapt to the varying

subscriber line characteristics due to the activity of

POTS equipment coupled to the subscriber line. The

digital signal processing techniques eliminate the need

for the splitter by changing data transmission

characteristics in accordance with the varying line
characteristics.

According to another exemplary aspect of the

present invention, the DSL modem utilizes quadrature

amplitude modulated (QAM) signals provided over the

subscriber line. The DSL modem transmits DSL signals in

a first frequency range and receives DSL signals in a

second frequency range in accordance with frequency

division multiplexing techniques. The QAM signals are

communicated in various constellation sizes from 4 to 256

points.

In accordance with yet another exemplary aspect

of the present invention, the DSL modem includes a rapid

retrain circuit. The rapid retrain circuit rapidly

retrains the modem—to-subscriber line characteristics in

as little time as less than 500 milliseconds.

Additionally, an automatic gain control (AGC) circuit,

which can be adjusted very rapidly, can also be provided.

The rapid retrain circuit preferably eliminates steps

related to initially converging the equalizer to reduce

retrain times. For example, the rapid retrain circuit

may only adjust the AGC and converge the equalizer,

starting at predicted coefficients. Echo canceling is
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advantageously not needed because the modem transmits and

receives in different frequency rates in accordance with

frequency division multiplexing techniques.

In accordance with still another exemplary

aspect of the present invention, the ADSL modem adjusts

transmission rates in accordance with errors received on

the digital subscriber line. The ADSL operates in

accordance with a state diagram, wherein the data rate is

decreased in response to error signals and increased when

a mean square error is below a threshold. The ADSL modem

consistently monitors error signals to transmit and to

receive at an optimal data rate.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be further described with

reference to the accompanying drawings, wherein like

numerals denote like elements, and:

Fig. 1 is a schematic block diagram of a prior

art ADSL communication system;

Fig. 2 is a schematic block diagram of a

communication system in accordance with an exemplary

embodiment of the present invention, the communication

system includes a DSL modem in accordance with another

exemplary embodiment of the present invention;

Fig. 3 is a more detailed schematic block

diagram of the DSL modem illustrated in FIGURE 2, the DSL

modem includes a control circuit in accordance with yet

another exemplary embodiment of the present invention;

Fig. 4 is a more detailed schematic block

diagram of the control circuit illustrated in FIGURE 3;
and
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Fig. 5 is a state diagram showing an example of

the operation of the DSL modem illustrated in Fig. 3.

DETAILED DESCRIPTION OF PREFERRED
EXEMPLARY EMBODIMENTS

with reference to FIGURE 2, a DSL communication

system 50 includes a copper twisted pair subscriber line

52, a customer or residential DSL modem 54, a central

office DSL modem 56, and a band splitter 58. Subscriber

line 52 is a local loop, such as, a twisted pair of

American wire gauge (AWG) 24 or 26 copper wires, which
connects a central office 60 and a residence 62.

Residence 62 can also be an office, building, or other

facility. similarly, central office 60 can be any

facility associated with a provider of telephone
services.

DSL modem 56 is coupled to a data network 64.

Splitter 58 has a signal input 66 coupled to subscriber

line 52, a higher-frequency output 68 coupled to DSL

modem 56, and a lower—frequency output 70 coupled to a

telephone switch 72. Telephone switch 72 is coupled to a

POTS network 74. DSL modem 56, splitter 58, and

telephone switch 72 are preferably located in central

office 60. Alternatively, splitter 58 could be included

as part of DSL modem 56 (e.g., DSL modem 56 is provided

as an in-line device between subscriber line 52 and

switch 72).

In residence 62, one or more telephones 80,

analog facsimile machine 81, and analog modem 82 can be

coupled directly to subscriber line 52 as is well known

in the art. Telephones 80 can be any conventional

communication devices, including answering machines,

which can be coupled to subscriber line 52 for providing
various POTS functions .

DSL modem 54 is coupled directly to subscriber

line 52 at a data terminal, input/output or subscriber

line access 55. DSL modem 54 is also coupled to a
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computer 84. Alternatively, DSL modem 54 could be

coupled to other devices (not shown), such as, a network,

server, or other communication or computing device.

Unlike conventional ADSL or DSL communication

systems, such as, system 10 described with reference to

FIGURE 1, DSL modem 54 does not utilize a splitter

between modem 54 and subscriber line 52 and between

telephones 80 and subscriber line 52. DSL modem 54

advantageously utilizes digital signal processing

techniques to adapt to varying subscriber line

characteristics due to analog equipment, such as,

telephones 80, machine 81, and modem 82, thereby

eliminating the need for a splitter in residence 62. DSL

modem 54 can operate concurrently with any of telephones

80, machine 81, and analog modem 82.

DSL modem 54 preferably includes subscriber

line access 55 which is part of a standard connector,

such as, an RJ11 walljack, and is coupled to subscriber

line 52 similarly to conventional telephones 80 and

analog modems 82. Access 55 is preferably a two—wire
terminal.

Modem 54 can be provided as an internal device

in computer 84, such as, on a PCI card, or as an external

device. Preferably, modem 54 is an internal device so

that high speed communications between modem 54 and

computer 84 are not slowed by serial ports associated

with computer 84. As an external device, modem 54 could

be coupled through a printer port or a universal serial

bus (USB) to computer 84. In FIGURE 3, modem 54 is

coupled to computer 84 via a data terminal 59.

Modem 54 is preferably implemented with a

digital signal processing chip set. other suitable

processors can be utilized to run software modules to

implement the operations described in the present

application. The software modules implement most tasks

associated with modem 54. The tasks include digital

filtering, line characterization, modulation,
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demodulation, gain control, equalization, initialization

error correction, test functions, and other modem

requirements.

In operation, modem 54 adjusts operating

characteristics, such as, equalization parameters, gain,

and data rates, according to variables associated with

line 52. Modem 54 is capable of receiving data at least

at a one megabit per second (Mbps) data rate when line 52

is approximately 12 kilofeet and when all of telephones

80 are on-hook. Preferably, the reception (downstream)

data rate is no worse than 256 Kbps data rate in the

presence of POTS-related impairments associated with

telephones 80. Modem 54 is capable of transmitting data
at least at a 100 Kbps data rate when line 52 has a

length of 12 kilofeet and when all telephones 80 are on-

hook. The transmission (upstream) data rate is

preferably no worse than 64 Kbps in the presence of POTS-

related impairments. By utilizing lower data rates than

maximum ADSL data rates, such as, 6 Mbps, modem 54 can be

manufactured less expensively and is more able to

withstand POTS-related impairments.

DSL modem 56 is similar to DSL modem 54.

However, modem 56 preferably is a lower-power modem to

minimize the power consumed by central office 60.

Additionally, modem 56 can have a sleep mode so that when

modem 56 is not being accessed, significant power is not

consumed by modem 56. Modem 56 can have a lower—cost

receiver unit (not shown) because upstream data rates are

lower than downstream data rates, as discussed above. In

the sleep mode, processors and other electronic devices

in modem 56 are placed in a low-power or no-power mode by

slowing or stopping clock signals within modem 56. If

modem 54 is utilized within a laptop computer, lower-

power techniques are desirable for modem 54 as well.

Modem 54 advantageously utilizes digital signal

processing techniques to characterize and to classify

interference sources going both to the POTS portion of
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the spectrum from the DSL portion of the spectrum and

from the POTS portion of the spectrum to the DSL portion

of the spectrum. Modem 54 compensates for these

interference sources with digital signal processing

techniques. For example, when telephone 80 is brought

off-hook, an impedance change occurs on line 52. Modem

54 can adjust data rates, gain characteristics, and

filter parameters to compensate for the impedance change.

Thus, modem 54 can utilize digital signal processing

techniques to compensate for interference from POTS

equipment, such as, telephone 80. Preferably, the

digital signal processing techniques can rapidly adjust

to interference sources so communication latency are not
noticeable to the user.

In operation, DSL modems 54 and 56 communicate

signals as quadrature amplitude modulated (QAM) signals.
DSL modems 54 and 56 communicate data at various

constellation sizes, ranging from 4 to 256 UC points.

The data is transmitted in Reed—Solomon frames, where the

R-S code rate is O.941l76471 (K/N) and N 68 and K = 64.

Alternatively, other values for N and K can be utilized

to optimize data and frame rates.

DSL modem 54 transmits upstream signals in a

lower-frequency range and receives downstream signals in

a higher-frequency range, in accordance with frequency

division multiplexing techniques. For example, modem 54

preferably transmits upstream signals at a carrier

frequency between a lower band edge of 46 kHz and an

upper band edge of 114 kHz. Modem 54 transmits upstream

signals at a line rate (e.g., bandwidth or data rate) of

136 Kbps for a constellation size of 4 points and at a

data rate of 340 Kbps for a constellation size of 32

points. Modem 56 receives the upstream signals at the
same rates.

DSL modem 56 transmits downstream signals at a

carrier frequency between a lower band edge of 265.5 kHz

and an upper band edge of 605.5 kHz. DSL modem 56
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transmits downstream signals at data rate of 680 Kbps for

a constellation size of 4 points and at a data rate of

1.7 Mbps for a constellation rate of 32 points. Modem 54

receives the downstream signals at the same rates. A

variety of carrier frequencies can be utilized, such as,

342 kHz, 367.5 kHz, or 418.5 kHz for transmitting

downstream information. The use of frequency division

multiplexing eliminates the need for an echo canceler

(not shown) and eliminates nonlinear effects of echo

canceling.

Modems 54 and 56 can utilize a variety of

protocols to transmit and receive upstream and downstream

signals. Modems 54 and 56 could additionally utilize a

auxiliary channel within a control frequency band for

transmitting control information between modems 54 and

56. Modems 54 and 56 can also utilize various error

protocol, such as, Read—Solomon coding, multidimensional

trellis coding, or other protocols, to gain higher

immunity to noise and other phone line impairments.

Trellis coding is a method of forward error correction

where each signal element is assigned a coded binary

value representing the element's phase and amplitude.

The coding allows the receiving modem to determine, based

on the value of the receiving signal, whether or not a

given signal element is received in error.

With reference to FIGURE 3, modem 54 includes a

high-pass filter 57 coupled between access 55 which is

coupled to subscriber line 52 and a control circuit 92.

High-pass filter 57 preferably has a threshold frequency

above 4 kHz and beneath the lowest band carrier edge for

the DSL signals (e.g., 46 kHz) to prevent POTS signal

from entering modem 54. Control circuit 92 includes a

rapid retrain module or circuit 94, an error processor

96, a line characterization module or circuit 104, and an

equalizer 98. Additionally, an automatic gain control

circuit (AGC) 102 is disposed between high-pass filter 57
and equalizer 98.
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Circuit 102 can be an analog circuit.

Alternatively, circuit 102 can be a digital circuit

located in control circuit 92 or a hybrid analog and

digital circuit. Filter 57 can be a passive filter with

a threshold frequency of 10 kHz.

Equalizer 98 is a digital filter through which

signals are transmitted and received to and from line 52.

Equalizer 98 can be on a receive side of control circuit

92, a transmit side of control circuit 92, or both.

Equalizer 98 is an adaptive compensation circuit for

counteracting distortions on line 52.

Equalizer 98 is preferably a decision feedback

equalizer defined by tap coefficients. Equalizer 98 is

implemented by a digital signal processor (not shown)

running a software program. In the receive mode,

equalizer 98 provides filtered signals to error processor

96 as well as other portions of control circuit 92. The

filtered signals are processed by circuit 92 and provided

at data tarmiai 59. In the transmit mode, other filters

or equalizers can filter or pre-emphasize signals

provided by modem 54 to line 52.

Equalizer 98 must be converged (e.g., tuned) so

the constellation associated with QAM signals are

appropriately situated for decoding. Alternatively,

equalizer 98 can be any device, digital or analog, for

reducing frequency or phase distortion, or both, on

subscriber line 52 by the introduction of filtering to

compensate for the difference in attenuation or time

delay, or both, at various frequencies in the

transmission and reception spectrums.

Rapid retrain circuit 94 provides control

signals (e.g., tap coefficients) to equalizer 98 to

converge equalizer 98, thereby compensating for

distortion on line 52. Rapid retrain circuit 94 causes

equalizer 98 to converge in response to a raise rate

rapid retrain signal provided by error processor 96 on a

line 97. Rapid retrain circuit 94 also causes equalizer



Page 152 of 519

W0 99,187,” PCT/US98/12735

18

98 to converge in response to a lower rate rapid retrain

signal provided by error processor on a line 95. Rapid

retrain circuit 94 can utilize tap coefficients developed

by line characterization circuit 104. As discussed in

more detail below, circuit 104 can store a number of

coefficients for known error conditions in a flash memory

or other storage device. Alternately, the coefficients

can be interactively determined, as discussed below.

Error processor 96 monitors signals from

equalizer 98 to determine if significant errors in the

communication of data on line 52 are occurring. If

significant errors are occurring, a lower rate rapid

retrain signal is provided on line 95 so rapid retrain

circuit 94 retrains modem 54. If few errors are

occurring, and data is communicated at a lower data rate,

a raise rate retrain signal is provided on line 97 so

circuit 94 retrains modem 54 so data is communicated at a

higher rate.

As part of the retrain operation, modem 54

performs a variety of tasks to ensure accurate data

communication. A retrain operation for modem 54 can

include the following tasks: reacquiring timing from a

remote modem, such as, modem 56, converging equalizer 98,

and adjusting the data rate. Additionally, the retrain

operation can also include characterizing line 52 and

adjusting the automatic gain control circuit 102.

Depending on modem 54 and line 52 parameters, circuit 94

can perform different levels of retrain operations.

In a slow retrain or initialization operation,

a retrain operation from initiation variables (e.g.,

scratch) of modem 54 can include reacquiring timing,

characterizing line 52, adjusting circuit 102 from

initialization variables, converging equalizer 98 from

initialization variables, and determining a data rate.

Characterizing line 52 can involve performing line

characterization routines by circuit 104, as discussed

below. Since adjustments to circuit 102 and converging
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equalizer 98 is an interactive process, these procedures

can be time-consuming. The slow retrain can take as long

6.5 seconds. Nonetheless, time is saved, even in the

slow retrain operation when compared to conventional

modems, because modem 54 advantageously does not utilize

an echo canceler (not shown). The echo canceler

typically must be reset during a retrain operation.

To save time, a rapid-retrain operation can

eliminate one or more of the above steps or perform the

above steps from predicted variables (variables which are

initially closer to the desired value than initialization

variables). In a rapid retrain operation, the line

characterization step is eliminated, and circuit 102 and

98 are adjusted slightly or converged from a stored

coefficient. For example, according to a rapid retrain

operation, the center tap coefficient for equalizer 98

can be determined, and the remaining coefficients can be

adjusted based on the difference between the determined

center tap coefficient and the previous center tap
coefficient.

According to another rapid retrain operation,

prestored tap coefficients are utilized so equalizer 98

does not have to be significantly converged. The tap

coefficients are chosen based upon conditions recognized

by circuit 94, such as, telephone 80 (FIGURE 2) being

brought off-hook. The adjustment of the gain circuit 102

can be restricted to a range to save time.

System and application parameters associated

with modem 54 and line 52 can define the amount of time

required for a rapid retrain of modem 54. For example, a

rapid retrain may occur in a particular amount of real

time, such as, less than 0.5 seconds. A rapid retrain

within 0.5 seconds assures that the transmission of data

is not affected for perceivable delays as modem 54 is

retrained. A 0.5 second retrain operation is a vast

improvement over the conventional 6.5 seconds for

initialization retrain operations. Alternatively, the
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rapid retrain operation may occur in a much shorter time

period, particularly if error processor 96 and rapid

retrain circuit 94 are able to determine what changes on

subscriber line 52 have caused errors. Circuit 94 can

react to those changes and access a database or other

data indicative of coefficients for equalizer 98, gain

parameters for circuit 102, data rates, or other criteria

for appropriate communication of data on line 52. For

example, such a database could be stored on computer 84

coupled to modem 54 (FIGURE 2). Further still, a very

rapid retrain operation could occur where equalizer 98

does not have to be converged, and only the gain of

circuit 102 needs to be adjusted. Thus, rapid retrain

circuit 94 is capable of retraining modem 54 in a rapid

manner in response to error processor 96 discovering that

there are errors in the communication of data on

subscriber line 52.

when rapid retrain circuit 94 performs a

retrain operation, data rates associated with modem 54

are adjusted to maximize the data rate, while maintaining

the integrity of the communications. For instance, if

error processor 96 determines that a particular number of

errors are occurring, rapid retrain circuit 94 may adjust

the data rate down by reducing the size of the

constellation or reducing the symbol rate. Error

processor 96 can determine errors which require an

adjustment of equalizer 98, such as, tangential error,

radial error, or other errors. Error processor 96 can

also react to trellis—coding errors, Reed-Solomon errors,

mean squared error levels, or other errors.

Alternatively, if error processor 96 determines that the

mean squared error level is below a threshold, rapid

retrain circuit 94 can retrain modem 54 and adjust the

data rate upward by increasing the size of the

constellation or increasing the symbol rate. The

threshold used to compare the mean squared error, as well
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as other errors, is Variable according to user parameters
and the data rate.

Line characterization circuit 104 can perform a

variety of operations to characterize line 52 for the

development of tap coefficients for equalizer 98 and of

other parameters for modem 54. Line characterization

tests can be performed when modem 54 is at

initialization, in an idle mode, or in a non—idle mode.

According to one line characterization test, tones or

test patterns are transmitted across line 52 in

accordance with a test protocol. Modems 54 and 56

cooperate to determine characteristics of line 52 based

upon received tones or test patterns. In a non-idle

mode, the test pattern can be sent and analyzed during

the time the user is awaiting communications from the

Internet. Further, a separate control channel can be

utilized to send control information necessary to
characterize line 52.

In another embodiment, circuit 104 can enter a

learn mode and analyze line 52 under a variety of

conditions. While in the learn mode, the user can bring

telephone 80 (FIGURE 2) off—hook in response to

instructions generated by software on computer 84. Modem

54 can characterize line 52 during those particular

conditions. Coefficients for equalizer 98 can be

generated for those conditions and stored for a rapid

retrain operation. Further still, circuit 104 can

perform line-probing operations similar to the V.34
standard.

In yet another embodiment, an echo canceler

(not shown) can be utilized on a transmit side of modem

54 to remove the transmitted signals in the transmit

frequency spectrum. Control circuit 92 can analyze the

characteristics in the transmit frequency spectrum of

line 52. This analysis can be performed during non—idle

modes. The portion of equalizer 98 on the transmit side

can be adjusted according to the analysis to predistort
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or to preemphasize the transmitted signals. Digital

frequency processing techniques can also include various

error signal analysis, correction, and manipulation to

determine when a rapid retrain is necessary as well as

techniques for rapidly converging an equalizer associated
with modem 54.

With reference to FIGURE 4, error processor 96

includes a Reed—solomon decoder 120, a mean squared error

calculator 122, and a Trellis decoder 124. Reed—solomon

decoder 120 analyzes frames of data provided from error

decoder 124 and determines if a frame error occurs and if

errors are occurring in the frame. Reed-Solomon decoder

120 can correct errors as is well known in the art.

Alternatively, calculator 122 can be replaced by other

systems which can provide an indication of signal-to-
noise ratios.

Reed—solomon decoder 120, calculator 122, and

Trellis decoder 124 provide a lower rapid retrain signal
when error conditions indicate that the data rate should

be lowered. Rapid retrain circuit 94 performs a rapid

retrain operation and lowers the data rate in response to

the lower rate rapid retrain signal at input 95. In

contrast, when the mean squared error calculator 122

provides a raise rate rapid retrain signal at input 97,

rapid retrain circuit 94 raises the data rate and

performs a rapid retrain. Thus, modem 54 automatically

raises or lowers its data rate to maintain high-speed and
accurate communications in the presence of POTs—related
impairments.

Although the data rates associated with modems

54 and 56 are somewhat lower than maximum data rates

associated with conventional ADSL systems, these data

rates are still significantly larger than conventional

analog modem capabilities. The lower data rates allow

modems 54 and 56 to use smaller constellation sizes and

frequency division multiplexing, as well as withstand

POTS-related impairments.



Page 157 of 519

WO 99/18701 PCT/US98/12735

23

Digital signal processing techniques can

include rapid retrain operations where the modem is

adjusted to changing subscriber line techniques due to

POTS operations. Such adjustments can include adjusting

automatic gain control circuit 102, converging equalizer

98, and error processing. Further, digital signal

processing techniques can include line characterization

techniques performed by circuit 104 (FIGURE 3).

with reference to FIGURE 5, operation of modem

54 is described with reference to FIGURES 2-5. FIGURE 5

is a state diagram showing rapid retrain operations for

modem 54. Modem 54 preferably always provides the

highest data rate available on line 52, according to a

rate-adaptive digital subscriber line technique. Modem

56 should have the ability to set a maximum downstream

data rate so that the telephone company can limit the

maximum downstream data rate to avoid advantaging

subscribers who live close to office 60. According to

this technique, modems 54 and 56 constantly adjust the

data rates to reach maximum data rate potential on

subscriber line 52 (FIGURE 2).

In FIGURE 5, modem 54 (FIGURE 2) is capable of

a start—up state 100, an idle state 102, a data mode

state 104, a fast retrain reduce rate state 106, and a

fast retrain increase rate state 108. When off or idle,

modem 54 transfers from idle state 102 to start—up state

100 when it receives a start-up command.

In start-up state 100, modem 54 is initialized.

During initialization, timing is acquired from a remote

modem, such as, modem 56, automatic gain circuit 102 is

adjusted, equalizer 98 is converged, the carrier phase is

locked, line 52 is characterized, and a data rate is

selected. If start-up is successfully completed, modem

54 advances to data mode state 104, where data is

communicated across subscriber line 52.

As data is communicated at the data rate

selected during start—up state 100, error signals from
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error processor 92 are consistently checked. If the

error signals are within an acceptable level, modem 54 is

maintained in data mode state 104. However, if the error

signals are above a particular level, modem 54 enters

fast retrain reduce rate state 106. In state 106, modem

54 reduces the data rate, adjusts automatic control

circuit 102, re-acquires timing, and converges equalizer
98. Preferably, equalizer 98 is retrained from stored

coefficient values to reduce the amount of time required

for retraining. Alternatively, another mode (not shown)

may be entered where just the automatic gain control 102

(FIGURE 3) is adjusted, and the data rate is not changed
to compensate for errors.

In state 106, if the fast retrain fails,

another fast retrain is attempted. If more than two fast

retrain attempts fail, modem 54 returns to start-up state

104. As at initialization, if start-up fails, modem 54
enters idle state 102.

If the fast retrain operation is successfully

completed, modem 54 returns to data mode state 104 and

continues to communicate data at a lower data rate. The

data rate can be adjusted incrementally or by other

relationships. For example, if the errors are due to

known POTS activity, particular data rates may be known

to operate during that activity, and those data rates may
be chosen.

In state 104, if the mean square error signal

provided by mean square error calculator 122 is below a

threshold, modem 54 enters fast retrain increase rate

state 108. Modem 54 is retrained in state 108 similarly

to state 106, except that the data rate is increased. If

the fast-retrain operation is completed successfully,
modem 54 changes from state 108 to state 104 and

continues normal data communication operations at the

faster rate. If the fast retrain operation fails in

state 108, modem 54 enters state 106 and performs a fast

retrain reduce rate operation.
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It is understood that, while the detailed drawings

and specific examples given describe preferred exemplary

embodiments of the present invention, they are for the

purpose of illustration only. The apparatus and method

of the invention is not limited to the precise details

and conditions disclosed. For example, although QAM

signals and frequency division multiplexing is utilized,

other protocols can be implemented. Also, although

parameters related to a rapid retrain operation are

discussed, the rapid retrain operation may include a

variety of steps for ensuring the integrity of the data

channel at high data rates. Various changes may be made

to the details disclosed without departing from the

spirit of the invention which is defined by the following
claims.
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1. A digital subscriber line modem adapted to be

coupled directly to a subscriber line, the modem being

capable of simultaneous access to the subscriber line

with other telephone equipment operating in a frequency

band below four kilohertz, the modem comprising:

a data terminal for coupling to the subscriber line;

a control circuit coupled to the data terminal, the

control circuit receiving and transmitting signals to and

from the data terminal, the control circuit utilizing

digital signal processing techniques to adapt to varying

subscriber line characteristics, whereby the digital

signal processing techniques allow the data terminal to

be coupled directly to the subscriber line without the

use of a splitter.

2. The digital subscriber line modem of claim 1,

further comprising:

a high pass filter coupled between the data terminal

and the control circuit, the high pass filter attenuating

lower frequency signals at the data terminal.

3. The digital subscriber line modem of claim 2,

wherein the high pass filter attenuates the lower

frequency signals having a frequency below 46 kHz.
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4. The digital subscriber line modem of claim 1,

wherein the subscriber line is a twisted pair copper
line.

5. The digital subscriber line modem of claim 1,

wherein the control circuit transmits and receives the

data in a data mode, the control circuit transmitting and

receiving the data at data rates, the control circuit

adjusting the data rates in response to varying

conditions due to the other telephone equipment on the

subscriber line.

6. The digital subscriber line modem of claim 5,

wherein the varying conditions include changes in the

impedance of the subscriber line due to hooking or

unhooking the other telephone equipment.

7. The digital subscriber line modem of claim 1,

wherein the control circuit further includes a rapid

retrain circuit and an error processing circuit, the

error processing circuit providing a lower rate retrain

signal when the error processing circuit detects a

predetermined number of errors associated with the data,

wherein the retrain circuit lowers data rates of the

modem in response to the lower rate retrain signal.

8. The digital subscriber line modem of claim 1,

wherein the control circuit further includes a rapid
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retrain circuit and an error processing circuit, the

error processing circuit providing a raise rate retrain

signal when an error signal is below a threshold, wherein

the retrain circuit raises the data rates of the modem in

response to the raise rate retrain signal.

9. The digital subscriber line modem of claim 8,

wherein the threshold varies with the data rates, and the

error signal is a mean squared error signal.

10. The digital subscriber line modem of claim 7,

wherein the rapid retrain circuit rapidly retrains the

modem in response to the lower rate retrain signal.

11. The digital subscriber line modem of claim 10,

wherein rapid retraining includes reacquiring timing from

a remote unit providing the data on the subscriber line,

and converging the equalizer.

12. The digital subscriber line modem of claim 11,

wherein the rapidly retraining occurs within 500

milliseconds.

13. The digital subscriber line modem of claim 7,

wherein the signals are quadrature amplitude modulated

signals and are frequency division multiplexed for

transmit signals and receive signals.
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14. A digital subscriber line modem adapted to be

coupled directly to a subscriber line, the modem being

capable of simultaneous access to the subscriber line

with other telephone equipment operating in a frequency

band below the four thousand kilohertz band, the modem

comprising:

a data terminal adapted to be coupled to the

subscriber line; and

a control means for receiving and transmitting

signals to and from the data terminal, the control means

including an equalizer means for filtering the signals to

accommodate characteristics of the subscriber line, an

error-processing means for providing a rapid retrain

signal in response to an error condition, and a rapid

retrain means for rapidly converging the equalizer means

in response to the rapid retrain signal, whereby the

control means allows the data terminal to be coupled

directly to the subscriber line without the use of a

splitter.

15. The digital subscriber line modem of claim 14,

wherein the equalizer means filters according to

coefficients, and the rapid retrain means provides

initial coefficients in accordance with a line condition

related to the error condition.

16. The digital subscriber line modem of claim 15,

wherein the control means further includes a database for
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storing the initial coefficients for various line

conditions, the rapid retrain means selecting the initial

coefficients for a particular line condition in response

to the error signal.

17. The digital subscriber modem of claim 14,

wherein the error processing means monitors a noise

level at an output of the equalizer means.

18. The digital subscriber line modem of claim

wherein the error processing means receives a Reed-

Solomon error signal or a Viterbi error signal.

19. The digital subscriber line modem of claim 14,

wherein the rapid retrain means lowers a data rate of the

signals without characterizing the subscriber line.

20. A communication system for use with a

subscriber line, the communication system comprising:

a user digital subscriber line modem, located at a

user site, the user digital subscriber line mode being

coupled directly to the subscriber line and receiving

downstream signals from the subscriber line and

transmitting upstream signals to the subscriber line and

utilizing digital signal processing techniques to adapt

to varying subscriber line characteristics, whereby the

digital—processing techniques allow the customer digital

subscriber line modem to be coupled directly to the
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subscriber line without the use of a splitter between the

subscriber line and the user digital subscriber modem;

a splitter, located remote from the user site, the

splitter having a signal terminal, a lower frequency path

terminal, and a higher-frequency path terminal, the

signal terminal being coupled to the subscriber line, the

lower frequency path terminal being coupled to a switched

telephone network; and

an office digital subscriber line modem coupled to

the higher frequency path terminal, the office digital

subscriber line transmitting the downstream signals to

the subscriber line through the splitter and receiving

the upstream signals from the subscriber line through the

splitter.

21. The communication system of claim 20, wherein

the digital signal processing techniques include rapidly

retraining the user digital subscriber line modem in

response to varying characteristics of the subscriber

line.

22. A customer asymmetric digital subscriber line

modem for use in a communication system including a

subscriber line coupled between an office site and a user

site, the communication system including a splitter

located remote from the user site, the splitter having a

signal terminal, a lower frequency path terminal, and a

higher frequency path terminal, the signal terminal being
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coupled to the subscriber line, the lower frequency path

terminal being coupled to a telephone switch network, the

communication system including an office asymmetric

digital subscriber line modem coupled to the higher

frequency path terminal, the office digital subscriber

line modem transmitting downstream signals to the

subscriber line through the splitter and receiving

upstream signals from the subscriber line through the

splitter, the customer asymmetric modem comprising:

a data terminal for coupling directly to the

subscriber line; and

a control circuit coupled to the data terminal, the

control circuit receiving the downstream signals in a

first frequency range and transmitting the upstream

signals in a second frequency range, the control circuit

utilizing digital signal processing techniques to adapt

to varying subscriber line characteristics, whereby the

digital processing techniques allow the data terminal to

be coupled directly to the subscriber line without the

use of splitter at the user site.

23. The modem of claim 22, wherein the upstream

signals and downstream signals are quadrature amplitude

modulated signals.
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24. The modem of claim 22, further comprising:

a high pass filter coupled between the data terminal

and the control circuit, the high pass filter attenuating

lower frequency signals at the data terminal.

25. The modem of claim 21, wherein the control

circuit adjusts data rates of the upstream and downstream

signals in response to varying conditions on the

subscriber line.

26. The modem of claim 25, wherein the varying

conditions include changes in the impedance of the

subscriber line due to hooking or unhooking other

telephone equipment coupled to the subscriber line.

27. The modem of claim 22, wherein the control

circuit further includes a rapid retrain module and an

error processing module, the error processing module

providing a lower rate retrain signal when the error

processing module detects a predetermined number of

errors associated with the upstream and downstream

signals, wherein the retrain circuit lowers the data

rates of the modem and rapidly retrains the modem in

response to the lower rate retrain signal.

28. The digital subscriber line modem of claim 27,

wherein the error processing module provides a raise rate

retrain signal when a mean error signal is below a
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threshold, wherein the retrain circuit raises the data

rates of the modem in response to the raise rate retrain

signal.

29. A digital subscriber line modem adapted to be

coupled directly to a subscriber line, the modem being

capable of simultaneous access to the subscriber line

with other telephone equipment operating in a frequency

band below 4 kHz, the modem comprising:

a data terminal for coupling to the subscriber

line; and

a control circuit coupled to the data terminal

to receive and transmit signals therefrom, the control

circuit being configured to adapt to characteristics of

the subscriber line to receive and transmit digital data

from the subscriber line without a splitter coupled

between the data terminal and the subscriber line.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of:

David M. Krinsky et al.

Serial No.: 13/476,310

Filed: May 21, 2012

Atty. File No.: 5550-2-CON2—1—4

Entitled: “MULTICARRIER MODULATION

MESSAGING FOR POWER LEVEL PER

SUBCHANNEL INFORMATION”

Group Art Unit: 2611

Conf1rmationNo.: 7896

Examiner:

SUPPLEMENTAL

INFORMATION DISCLOSURE

STATEMENT\/\/\/g/g/\/\/\./\./Q
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.

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

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

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

accordance with 37 C.F.R. § l.98(a).

l___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.

K To the best of applicants’ belief, the pertinence of the foreign-language references

are believed to be summarized in the attached English translation/abstracts and/or in the

figures, although applicants do not necessarily vouch for the accuracy of the translation.

7

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

0 Serial No. filed , (Attomey’s Ref. No.

[:I Other:

Submission of the above information is not intended as an admission that any item

is citable under the statutes or rules to support a rejection, that any item disclosed

represents analogous art, or that those skilled in the art would refer to or recognize the

pertinence of any reference without the benefit of hindsight, nor should an inference be

drawn as to the pertinence of the references based on the order in which they are presented.

1
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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(I1): 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

E] Within three months of the date of entry into the national stage of an international application as setforth in 37 CFR 1.491 or

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

[:1 Before the mailing of a first Office action after 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 l.97(c): The information disclosure statement transmitted herewith is being filed after all the above conditions (37
CFR 1.97(b)), but before the mailing date of one of the following conditions:

(1) afinal action under 37 C.F.R. 1.113 or
(2) anotice of allowance under 37 CFR. 1.311, or
(3) an action that otherwise closes prosecution in the application.

This Information Disclosure Statement is accompanied by:

E] 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

I: 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 alter the period specified in 37 CFR l.97(c).

E This information Disclosure Statement includes aCertilication (below) as specified by 37 C.F.R. l.97(e)AND

El Applicants hereby requests consideration of the 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)

The undersigned certifies that:

B 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).

El A copy of the 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 in a counterpart foreign

application, and, to the knowledge of the undersigned after making reasonable
inquiry, no item of information contained in this Information Disclosure Statement

was known to any individual designated in 37 C.F.R. l.56(c) 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.

By: z// p '_ //'/f«:;t:»»/
/J'a’s’6}1 H. Vick

Registration No. 45,285

1560 Broadway, Suite 1200

Denver, Colorado 80202-5141

(303) 863-9700
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United States Patent and Trademark Office
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Alexandria, Vngnta 22313-1450wvrwusptogov
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CONFIRMATION NO. 7896

62574 FILING RECEIPT
Jason H. Vick
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1560 Broadway
Denver, CO 80202

Date Mailed: 06/06/2012

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 12/779,660 05/13/2010
which is a CON of 12/477,742 06/03/2009 PAT 7835430
which is a CON of 10/619,691 07/16/2003 PAT 7570686
which is a CON of 09/755,173 01/08/2001 PAT 6658052
which claims benefit of 60/224,308 08/10/2000
and claims benefit of 60/174,865 01/07/2000

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

If Required, Foreign Filing License Granted: 05/31/2012

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

is US 13/476,310

Projected Publication Date: 09/13/2012

Non-Publication Request: No

Early Publication Request: No
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Title

Multicarrier Modulation Messaging for Power Level Per Subohannel Information

Preliminary Class

379

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

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 seIf—he|p “tooIkits“ 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 "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as

page 2 of 3
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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 AssetsContro|, 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).

SeIectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SeIectUSA, our nation

works to encourage, facilitate, and accelerate business investment. To learn more about why the USA is the best
country in the world to develop technology, manufacture products, and grow your business, visit Se|ectUSA.gov.
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UNITED STATES PATENT AND TRADEMARK OFFICE UVTTFIT) STATES DFIPARTMFIVT OF‘ (‘(’)MI\’IFIR(‘FI
United States Patent and Trademark Office
Addie» C‘OMMISSIO_\'ER FOR PATENTSPO Rm: I450

AI€X1ndIm, Vlrgirua 22313-1450wv/Wusptogov

13/476,310 05/21/2012 David M. Kfinsky 5550-2-C()N2-1-4
CONFIRMATION NO. 7896

62574 POA ACCEPTANCE LETTER
Jason H. Vick

Sheridan Ross, PC milliilliillliiiuiiiyiwmiliylll lllllllllllllllll||l|||l|l|||H||l
Suite # 1200 59

1560 Broadway
Denver, CO 80202

Date Mailed: 06/O6/2012

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 05/21/2012.

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.

/llam/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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PATENT APPLICATION FEE DETERMINATION RECORD APP“°<’=‘“°” 0' D°°l<9‘NUmbe'
Substitute for Form PTO-875 13/476310
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In Re the Application of: David M. Krinsky 3 Group Art Unit:

Application No.: ; Examiner:
Filed: Herewith ) Confirmation No.:

Atty. File No.: 5550—2—CON2-1-4

For: MULTICARRIER MODULATION MESSAGING FOR POWER LEVEL PER

SUBCHANNEL INFORMATION

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313

PRELIMINARY AMENDMENT

Dear Madam:

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 6 of this paper.

Attorney Docket No.: 5550-2-CON2-1-4
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AMENDMENTS TO THE SPECIFICATION

Please amend the title to read as follows:

A T. I MULTICARRIER MODULATION

l\/IESSAGING FOR POWER LEVEL PER SUBCHANNEL lNFORMAT1ON

Please insert the following paragraph as the first paragraph beneath the title:

Related Application Data

This application is a continuation of US. Application No. 12/779,660, filed May 13,

2012, which is a continuation of U.S. Application No. 12/477,742, filed June 3, 2009, now US.

Patent No. 7,835,430, which is a continuation of U.S. Application No. 10/619,691, filed July 16,

2003, now U.S. Patent No. 7,570,686, which is a continuation of U.S. Application No.

09/755,173, filed January 8, 2001, now 11.8. Patent No. 6,658,052, which claims the benefit of

and priority under 35 U.S.C. §1l9(e) to U.S. Provisional Application No. 60/224,308, filed

August 10, 2000 entitled “Characterization of transmission lines using broadband signals in a

mu1ti—carrier DSL system,” and U.S. Provisional Application No. 60/174,865, filed January 7,

2000 entitled “Multicarrier Modulation System with Remote Diagnostic Transmission Mode”,

each of which are incorporated herein by reference in their entirety.

Attorney Docket No; 5 55 0-2—CON2-1-4
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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:

1-43. (Cancelled)

44. (New) A transceiver capable of transmitting diagnostic 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 diagnostic 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 power level per subchannel information.

45. (New) The transceiver of claim 44, wherein the power level per subchannel

information is based on a Reverb signal.

46. (New) A transceiver capable of receiving diagnostic 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 diagnostic 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 power level per subchannel information.

47. (New) The transceiver of claim 46, wherein the power level per subchannel

information is based on a Reverb signal.

48. (New) In a transceiver capable of transmitting diagnostic information over a

communication channel using multicarrier modulation, a method comprising:

Attorney Docket N 0.: 5550-2-CON2—l—4
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transmitting a message, wherein the message comprises one or more data variables that

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

symbols using Quadrature Amplitude Modulation (QAM) with more than 1 bit per subehannel

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

representing power level per subehannel information.

49. (New) The method of claim 48, wherein the power level per subehannel

information is based on a Reverb signal.

50. (New) In a transceiver capable of receiving diagnostic information over a

communication channel using multicarrier modulation, a method comprising:

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

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

symbols using Quadrature Amplitude Modulation (QAM) with more than 1 bit per subehannel

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

representing power level per subehannel information.

51. (New) The method of claim 50, wherein the power level per subehannel

information is based on a Reverb signal.

52. (New) A communications system for DSL service comprising a first DSL

transceiver capable of transmitting diagnostic information over a communication channel using

multicarrier modulation and a seco11d DSL transceiver capable of receiving the diagnostic

information over the communication charmel using multiearrier modulation comprising:

a transmitter portion of the first transceiver capable of transmitting a message, wherein

the message comprises one or more data variables that represent the diagnostic information,

wherein bits in the message are modulated onto DMT symbols using Quadrature Amplitude

Modulation (QAM) with more than 1 bit per subehannel and wherein at least one data variable of

the one or more data variables comprises an array representing Signal to Noise ratio per

subcharmel during Showtime information; and
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a receiver portion of the second transceiver capable of receiving the message, wherein the

message comprises the one or more data variables that represent the diagnostic information,

wherein the bits in the message were modulated onto the DMT symbols using Quadrature

Amplitude Modulation (QAM) with more than 1 bit per subchannel and wherein the at least one

data variable of the one or more data variables comprises the array representing Signal to Noise

ratio per subchannel during Showtime information.
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REMARKS/ARGUMENTS

By this amendment, claims 1-43 are canceled without prejudice or disclaimer and new

claims 44-52 have been added.

Applicant requests examination on the merits.

Applicant believes that the pending claims are in condition for allowance and such

disposition is respectfully requested. In the event that a telephone conversation would further

prosecution and/or expedite allowance, the Examiner is invited to contact the undersigned.

The Commissioner is hereby authorized to charge to Deposit Account No. 19-1970 any

fees under 37 C.F.R. §§ 1.16 and l.l7 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.

,,~-»’'
///~’’'’/ , ,» ,7 .——->‘'‘‘

By: ,/ /;—:-5*’2:“//’“
/“M/Jason H. Vick

M,/”'//1 Registration No. 45,285
”' 1560 Broadway, Suite 1200

Denver, Colorado 80202-5141

(303) 863-9700

Attorney Docket No.2 5550-2-CON2—1-4



Page 192 of 519

Docket No. 081513 -000004

SYSTEMS AND METHODS FOR ESTABLISHING A DIAGNOSTIC

TRANSMISSION MODE AND COMMUNICATING OVER THE SAME

Field of the Invention

This invention relates to test and diagnostic information. In particular, this invention

relates to a robust system and method for communicating diagnostic information.

Background of the Invention

The exchange of diagnostic and test information between transceivers in a

telecommunications environment is an important part of a telecommunications, such as an

ADSL, deployment. In cases where the transceiver connection is not performing as expected,

for example, where the data rate is low, where there are many bit errors, or the like, it is

necessary to collect diagnostic and test information from the remote transceiver. This is

performed by dispatching a technician to the remote site, e.g., a truck roll, which is time

consuming and expensive.

In DSL technology, communications over a local subscriber loop between a central

office and a subscriber premises is accomplished by modulating the data to be transmitted

onto a multiplicity of discrete frequency carriers which are summed together and then

transmitted over the subscriber loop. Individually, the carriers form discrete, non-

overlapping communication subchannels of limited bandwidth. Collectively, the carriers

form what is effectively a broadband communications channel. At the receiver end, the

carriers are demodulated and the data recovered.

DSL systems experience disturbances from other data services on adjacent phone

lines, such as, for example, ADSL, HDSL, ISDN, Tl, or the like. These disturbances may

commence after the subject ADSL service is already initiated and, since DSL for internet

access is envisioned as an always—on service, the effect of these disturbances must be

ameliorated by the subject ADSL transceiver.

SUMMARY OF THE INVENTION

The systems and methods of this invention are directed toward reliably exchanging

diagnostic and test infonnation between transceivers over a digital subscriber line in the

presence of voice communications and/or other disturbances. For simplicity of reference, the
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systems a11d methods of tlie i11ve11tion will hereafter refer to the tra11sceiVers generically as

modems. One such modem is typically located at a customer premises such as a home or

business and is “downstream” from a central office with which it communicates. The other

modem is typically located at the central office and is “upstream” from the customer

premises. Consistent with industry practice, the modems are often referred to as “ATU—R”

(“ADSL transceiver unit, remote,” i.e., located at the customer premises) and “ATU—C”

(“ADSL transceiver unit, ce11tral office” i.e., located at the ce11tral office). Each modem

includes a transmitter section for transmitting data and a receiver section for receiving data,

and is of the discrete multitonc type, i.e., the modem transmits data over a multiplicity of

subc11an11els of limited bandwidth. Typically, the upstream or ATU—C modem transmits data

to the downstream or ATU—R modem over a first set of subehannels, which are usually the

higher—frequency subehannels, and receives data from the downstream or ATU—R modem

over a second, usually smaller, set of subehannels, commonly the lower—frequency

subchannels. By establishing a diagnostic link mode between the two modems, the systems

and methods of this invention are able to exchange diagnostic and test information in a

simple a11d robust manner.

ln the diagnostic link mode, the diagnostic and test information is communicated

using a signaling mechanism that has a very high immunity to noise and/or other disturbances

a11d can therefore operate effectively even in the case where the modems could 11ot actually

establish an acceptable connection in their normal operational mode.

For example, if the ATU—C and/or ATU—R modem fail to complete an initialization

sequence, and are thus unable to enter a normal steady state communications mode, where the

diagnostic and test information would normally be exchanged. the modems according to the

systems and methods of this invention enter a robust diagnostic link mode. Altematively, the

diagnostic li11k mode can be entered automatically or manually, for example, at the direction

ofa user. In the robust diagnostic link mode, the modems exchange the diagnostic and test

information that is, for example, used by a technician to determine the cause of a failure

without the technician having to physically Visit, i.e., a truckroll to, the remote site to collect

data.

The diagnostic and test information can include, for example, but is not limited to,

signal to noise ratio information, equalizer information, programmable gain setting

information, bit allocation information, transmitted and received power information, margin

information, status and rate information, telephone line condition information, such as the

length of the line, the number and location of bridged taps, a wire gauge, or the like, or any
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other known or later developed diagnostic or test i11formatio11 that may be appropriate for the

particular communications environment. For example, the exchanged diagnostic and test

information can be directed toward specific limitations of the modems, to information

relating to the modem installation a11d deployment environment, or to other diagnostic and

test information that can, for example, be determined as needed which may aid in evaluating

the cause of a specific failure or problem. Altematively, the diagnostic and test information

can include the loop length a11d bridged tap length estimations as discussed in copending

Attorney Docket No. 081513—000003, filed herewith and incorporated herein by reference in

its entirety.

For example, a11 exemplary embodiment of the invention illustrates the use of the

diagnostic link mode in the communication of diagnostic information from the remote

terminal (RT) transceiver, e.g., ATU—R, to the central office (CO) transceiver, e.g., ATU—C.

Transmission of information from the remote terminal to the central office is important since

a typical ADSL service provider is located in the central office and would therefore benefit

from the ability to determine problems at the remote terminal without a truckroll. However,

it is to be appreciated, that the systems a11d the methods of this invention will work equally

well in communications from the central office to the remote terminal.

These and other features and advantages of this invention are described in or are

apparent from the following detailed description of the embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments of the invention will be described in detail, with reference to the

following figures wherein:

Fig. l is a functional block diagram illustrating an exemplary communications system

according to this invention; and

Fig. 2 is a flowchart outlining an exemplary method for communicating diagnostic

and test information according to this invention.

DETAILED DESCRIPTION OF TI-IE INVENTION

For ease of illustration the following description will be described in relation to the

CO receiving diagnostic a11d test information fi‘om the RT. 111 the exemplary embodiment,

the systems and methods of this invention complete a portion of the normal modem

initialization before entering into the diagnostic link mode. The systems and methods of this

invention can enter the diagnostic link mode manually, for example, at the direction of a
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tecl111ieia11 or a user after completing a portion of initialization. Alternatively, the systems

and methods ofthis invention can enter the diagnostic link mode automatically based on, for

example, a bit rate failure, a forward error correction or a CRC error during showtime, e.g.,

the normal steady state transmission mode, or the like. The transition i11to the diagnostic li11k

mode is accomplished by transmitting a message from the CO modem to the RT modem

indicating that the modems are to enter into the diagnostic link mode, as opposed to

transitioning into the normal steady state data transmission mode. Alternatively, the

transition into the diagnostic link mode is accomplished by transmitting a message from the

RT modem to the CO modem indicating that the modems are to enter into the diagnostic link

mode as opposed to transitioning into the normal steady state data transmission mode. For

example, the transition signal uses an ADSL state transition to transition from a standard

ADSL state to a diagnostic link mode state.

In the diagnostic link mode, the RT modem sends diagnostic and test information in

the form of a collection of information bits to the CO modem that are, for example,

modulated by using one bit per DTM symbol modulation, as is used in the C—Ratesl message

in the ITU and ANSI ADSL sta11dards, wl1ere the symbol may or may 11ot include a cyclic

prefix. Other exemplary modulation techniques include Differential Phase Shift Keying

(DPSK) on a subset or all the carriers, as specified in, for example, ITU standard G.994.l,

higher order QAM modulation (>1 bit per carrier), or the like.

In the one bit per DMT symbol modulation message encoding scheme, a bit with

value 0 is mapped to the REVERBI signal and a bit with a value of l mapped to a SEGUE1

signal. The REVERBI and SEGUEl signals are defined in the ITU and ANSI ADSL

standards. The REVERBI signal is generated by modulating all of the carriers in the

multiearrier system with a known pseudo—random sequence thus generating a wideband

modulated signal. The SEGUEl signal is generated from a carrier by 180 degree phase

reversal ofthe REVERBI signal. Since both signals are wideband and known in advance,

the receiver can easily detect the REVERBI and SEGUEl signal using a simple matched

filter in the presence of large amounts of noise and other disturbances.
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Exem n lar Messae Variables

Data Sent in the Dia Link
Train T ,e

ADSL Standard

Chi _ ,

Vendor I

Code Version

Averae Reverb Received Sinal

Pro rammable am am lif1er(PGA Gain — Trainin

Programmable gain amplifier PGA Gain — Showtime
Filter Present durin Idle Channel Calculation

Average Idle Channel Noise
Signal to Noise during Training

Signal to Noise during Showtime
Bits and Gains

Data Rate

Framin ; Mode

Margin
Reed-Solomon Codin Gain

QAM Usage
Fr uenc Domain Eualizer (PDQ Coefficients
Gain Scale

Time domain e ualizer (TDQ Coefficients

Di ital Echo Canceller DEC Coefficients

Table 1

fi (‘D

Table 1 shows an example of a data message that can be sent by the RT to the CO

during the diagnostic link mode. In this example, the RT modem sends 23 different data

variables to the CO. Each data variable contains different items of diagnostic and test

information that are used to analyze the condition of the link. The variables may contain

more than one item of data. For example, the Average Reverb Signal contains the power

levels per tone, up to, for example, 256 entries, detected during the ADSL Reverb signal.

Conversely, the PGA Gain — Training is a single entry, denoting the gain in dB at the receiver

during the ADSL training.

Many variables that represent the type of diagnostic and test information that are used

to analyze the condition of the link are sent from the RT modem to the CO modem. These

variables can be, for example, arrays with different lengths depending on, for example,

information in the initiate diagnostic mode message. The systems and methods of this

invention can be tailored to contain many different diagnostic and test information variables.
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Tl1us, the system is fully configurable, allowing subsets of data to be se11t and additional data

variables to be added in the future. Therefore, the message length can be increased or

decreased, and diagnostic and test information customized, to support more or less variables

as, for example, hardware, the environment and’or the telecommunications equipment

dictates.

Therefore, it is to be appreciated, that in general the variables transmitted from the

modem being tested to the receiving modem can be any combination of variables which

allow for transmission of test and/or diagnostic information.

Fig. 1 illustrates an exemplary embodiment of the additional modem components

associated with the diagnostic link mode. In particular, the diagnostic li11k system 100

comprises a central office modem 200 and a remote terminal modem 300. The central office

modem 200 comprises, in addition to the standard ATU—C components, a CRC checker 210,

a diagnostic device 220, and a diagnostic information monitoring device 230. The remote

terminal modem 300 comprises, in addition to the standard components associated with an

ATU-R, a message determination device 310, a power control device 320, a diagnostic device

330 and a diagnostic information storage device 340. The central office modem 200 a11d the

remote terminal model 300 are also connected, via link 5, to a splitter 10 for a phone switch

20, and a splitter 30 for a phone 40. Alternatively, the ATU-R can operate without a splitter,

e. g., splitterless, as specified in ITU standard G.992.2 (G.lite) or with an in—line filter in series

with the phone 40. In addition, the remote terminal modem 300, can also be connected to, for

example, one or more user terminals 60. Additionally, the central office modem 200 can be

connected to one or more distributed networks 50, via link 5, which may or may not also be

connected to one or more other distributed networks.

While the exemplary embodiment illustrated in Fig. l shows the diagnostic link

system 100 for an embodiment i11 which the remote terminal modem 300 is communicating

test and diagnostic information to the central office 200, it is to be appreciated that the

various components of the diagnostic link system can be rearranged such that the diagnostic

and test information can be forwarded from the central office 200 to the remote terminal

modem 300, or, alternatively, such that both modems can send and receive diagnostic anchor

test information. Furthermore, it is to be appreciated, that the components of the diagnostic

li11k system 100 can be located at various locations within a distributed network, such as the —

POTS network, or other comparable telecommunications network. Thus, it should be

appreciated that the components of the diagnostic link system 100 can be combined into one

device for respectively transmitting, receiving, or transmitting and receiving diagnostic
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an(L’or test information. As will be appreciated from the following description, and for

reasons ofcomputational efficiency, the components of the diagnostic link system 100 can be

arranged at any location within a telecommunications network and/or modem without

affecting the operation of the system.

The links 5 can be a wired or wireless link or any other known or later developed

element(s) that is capable of supplying and communicating electronic data to and from the

connected elements. Additionally, the user terminal 60 can be, for example, a personal

computer or other device allowing a user to interface with and communicate over a modem,

such as a DSL modem. Furthermore, the systems and method of this invention will work

equally well with splitterless and low—pass mulitcarrier modem technologies.

In operation, the remote terminal 300, commences its normal initialization sequence.

The diagnostic device 330 monitors the initialization sequence for a failure. If there is a

failure, the diagnostic device 330 initiates the diagnostic link mode. Alternatively, a user or,

for example, a technician at the CO, can specify that the remote terminal 300 enter into the

diagnostic link mode after completing a portion of an initialization. Alternatively still, the

diagnostic device 330 can monitor t11e normal steady state data transmission of the remote

terminal, and upon, for example, an error threshold being exceeded, the diagnostic device 330

will initiate the diagnostic link mode.

Upon initialization of the diagnostic link mode, the diagnostic device 330, in

cooperation with the remote terminal 300 will transmit an initiate diagnostic link mode

message from the remote terminal to the central office 200 (RT to CO). Alternatively, the

central office modem 200 can transmit an initiate diagnostic link mode message to the remote

terminal modem 300. If the initiate diagnostic link mode message is received by the central

office 200, the diagnostic device 330, in cooperation with the message determination device

310, determines a diagnostic link message to be forwarded to the central office 200. For

example, the diagnostic link message can include test information that has been assembled

during, for example, the normal ADSL initialization procedure. The diagnostic and/or test

information can include, but is not limited to, the version number of the diagnostic link mode,

the length ofthe diagnostic and/or test information, the communications standard, such as the

ADSL standard, the chipset type, the Vendor identifications, the ATU version number, the

time domain received reverb signal, the frequency domain reverb signal, the amplifier

settings, the CO transmitter power spectral density, the frequency domain received idle

channel, the signal to noise ratio, the bits and gains and the upstream and downstream

transmission rates, or the like.
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If the initiate diagnostic link mode message is not received by the central office 200,

the initiate diagnostic link mode message can, for example, be re-transmitted a predetermined

number of iterations until a determination is made that it is not possible to establish a

connection.

Assuming the initiate diagnostic link mode message is received, then, for a

predetermined number of iterations, the diagnostic device 330, in cooperation with the remote

terminal modem 300 and the diagnostic information storage device 340, transmits the

diagnostic link message with a cyclic redundancy check (CRC) to the central office modem

200. However, it is to be appreciated that in general, any error detection scheme, such as bit

error detection, can be used without affecting the operation of the system. The central office

200, in cooperation with the CRC checker 210, determines ifthe CRC is correct. Ifthe CRC

is correct, the diagnostic information stored in the diagnostic information storage device 340

has been, with the cooperation of the diagnostic device 330, and the remote terminal modem

300, forwarded to the central office 200 successfully.

If, for example, the CRC checker 2 l0 is unable to determine the correct CRC, the

diagnostic device 330, in cooperation with power control device 320, increases the

transmission power of the remote terminal 300 and repeats the transmission of the diagnostic

link message from the remote terminal 300 to the central office 200. This process continues

until the correct CRC is determined by the CRC checker 210.

The maximum power level used for transmission of the diagnostic link message can

be specified by, for example, the user or the ADSL service operator. If the CRC checker 210

does not determine a correct CRC at the maximum power level and the diagnostic link mode

can not be initiated then other methods for determining diagnostic information are utilized,

such as dispatching a technician to the remote site, or the like.

Alternatively, the remote terminal 300, with or without an increase in the power level,

can transmit the diagnostic link message several times, for example, 4 times. By transmitting

the diagnostic link message several times, the CO modem 200 can use, for example, a

diversity combining scheme to improve the probability of obtaining a correct CRC from the

received diagnostic link message(s).

Alternatively, as previously discussed, the central office 200 comprises a diagnostic

information monitoring device 230. The remote terminal 300 can also include a diagnostic

information monitoring device. One or more of these diagnostic information monitoring

devices can monitor the normal steady state data transmission between the remote terminal

300 and the central office 200. Upon, for example, the normal steady state data transmission
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exceeded a predetermined error threshold, the diagnostic information monitoring device ca11

initiate the diagnostic link mode with the cooperation of the diagnostic device 300 and/or the

diagnostic device 220.

Fig. 2 illustrates an exemplary method for entering a diagnostic li11k mode in

accordance with this invention. In particular, control begins in step S100 and continues to

step S110. In step S110, the initialization sequence is commenced. Next, in step S 120, if an

initialization failure is detected, control continues to step S170. Otherwise, control jumps to

step S130. In step S130, a determination is made whether the diagnostic link mode has been

selected. If the diagnostic link mode has been selected, control continues to step S170,

otherwise, control jumps to step S140.

In step S170, the initiate diagnostic link mode message is transmitted from, for

example, the remote terminal to the central office. Next, in step S180, a determination is

made whether the initiate diagnostic mode message has been received by the CO. If the

initiate diagnostic mode message has been received by the CO, control jumps to step S200.

Otherwise, control continues to step S190. In step S190, a determination is made whether to

re—transmit the initiate diagnostic mode message, for example, based 011 whether a

predetermined number of iterations have already been completed. If the initiate diagnostic

mode message is to be re-transmitted, control continues back to step S170. Otherwise,

control jumps to step S160.

In step S200, the diagnostic link message is determined, for example, by assembling

test and diagnostic information about one or more of the local loop, the modem itself, the

telephone network at the remote terminal, or the like. Next, in step S210, for a predetennined

number of iterations, steps S220-S240 are completed. In particular, in step S220 a diagnostic

link message comprising a CRC is transmitted to, for example, the CO. Next, in step S230,

the CRC is determined. Then, i11 step S240, a determination is made whether the CRC is

correct. If the CRC is correct, the test and/or diagnostic information has been successfully

communicated and control continues to step S160.

Otherwise, if step S210 has completed the predetermined number of iterations, control

continues to step S250. In step S250, the transmission power is increased and control

continues back to step S210. Alternatively, as previously discussed, the diagnostic link

message may be transmitted a predetermined number of times, with our without a change iii

the transmission power.

In step S140, the normal steady state data transmission is entered into between two

modems, such as the remote terminal and the cental office modems. Next, in step S150, a
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determination is made wl1etl1er a11 error threshold duri11g the normal steady state data

transmission has been exceeded. If the error threshold has been exceeded, control continues

to step S170. Otherwise, control jumps to step S160. In step S160, the control sequence

ends.

As shown in Fig. 1, the diagnostic link mode system can be implemented either on a

single program general purpose computer, a modem, such as a DSL modem, or a separate

program general purpose computer having a communications device. However, the

diagnostic link system can also be implemented on a special purpose computer, a

programmed microprocessor or microcontroller and peripheral integrated circuit element, an

ASIC or other integrated circuit, a digital signal processor, a hardwired electronic or logic

circuit such as a discrete element circuit, a programmed logic device such as a PLD, PLA,

FPGA, PAL, or the like, and associated communications equipment. In general, any device

capable of implementing a finite state machine that is capable of implementing the flowchart

illustrated in Fig. 2 can be used to implement a diagnostic link system according to this

invention.

Furthermore, tl1e disclosed method may be readily implemented in software using

object or object—oriented software development environments that provide portable source

code that can be used on a variety of computer, workstation, or modem hardware platforms.

Alternatively, tl1e disclosed diagnostic link system may be implemented paltially or fully i11

hardware using standard logic circuits or a VLSI design. Other software or hardware can be

used to implement the systems in accordance with this invention depending on the speed

and/or efficiency requirements of the systems, the particular function, and a particular

software or hardware systems or microprocessor or microcomputer systems being utilized.

The diagnostic link system and methods illustrated herein however, can be readily

implemented i11 hardware ancVo1' software using any known or later developed systems or

structures, devices ancL’or software by those of ordinary skill in the applicable art from the

functional description provided herein and with a general basic knowledge of the computer

and telecommunications arts.

Moreover, the disclosed methods can be readily implemented as software executed on

a programmed general purpose computer, a special purpose computer, a microprocessor, or

tl1e like. In these i11stanees, tl1e methods and systems of this invention ea11 be implemented as

a program embedded on a modem, such a DSL modem, as a resource residing on a personal

computer, as a routine embedded in a dedicated diagnostic link system, a central office, or the

like. The diagnostic link system can also be implemented by physically incorporating the
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system a11d method into a software a11d/or hardware system, such as a hardware and software

systems ofa modem, a general purpose computer, an ADSL line testing device, or the like.

It is, therefore, apparent that there is provided in accordance with the present

invention, systems a11d methods for transmitting a diagnostic li11k message. While this

invention has been described in conjunction with a number of embodiments, it is evident that

many alternatives, modifications and variations would be or are apparent to those of ordinary

skill in the applicable arts. Accordingly, applicants intend to embrace all such alternatives,

modifications, equivalents and variations that are within the spirit and the scope of this

invention.
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What is Claimed is:

l. A diagnostic link system for communicating data between modems using

multicarrier modulation comprising:

an initiate diagnostic mode trigger that instructs a transmitting modem to

forward an initiate diagnostic mode message to a receiving modem;

a message determination device that determines a diagnostic link message; and

a receiving modem diagnostic device that receives the diagnostic link message

and determines the accuracy ofthe diagnostic link message.

2. The system of claim l, further comprising a power control device that

increases a transmission power of the diagnostic li11k message if the received diagnostic link

message is inaccurate.

3. The system of claim 1, wherein the diagnostic link message is re-transmitted a

predetermined number of times.

4. The system ofclaim 1, wherein the diagnostic link message comprises at least

one of test and diagnostic information.

5. The system of claim 4, wherein the diagnostic li11k message comprises at least

one of a version number of a diagnostic link mode, a length of the diagnostic information, a

communications standard, a chipset type, one or more vendor identifications, an ATU version

number, a time domain received reverb signal, a frequency domain reverb signal, an amplifier

setting, a CO transmitter power spectral density, a frequency domain received idle channel, a

signal to noise ratio, bits and gain information, and upstream and downstream transmission

rates.

6. The system ofclaim I. wherein the accuracy is determined based on at least

one of an error detecting scheme, a bit error detection and a cyclic redundancy check.

7. The system of claim 1, wherein the trigger is based on at least one of a11

initialization failure, a bit rate failure, a CRC error in an initialization message, a CRC error

during a normal steady state transmission mode, a forward error correction error, a user

request, a central office modem request and a remote terminal modem request.

8. The system ofclaim 1. wherein the transmitting modem completes a portion

of a modem initialization sequence before forwarding the initiate diagnostic mode message.

9. The system of claim 1, wherein the transmitting modem is at least one of a

central office modem and a remote terminal modem.

10. The system of claim 1, wherein the receiving modem is at least one of a

central office modem and a remote terminal modem.
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11. A method for commu11icati11g data between modems using multicanier

modulation comprising:

instructing a transmitting modem to forward an initiate diagnostic mode

message to a receiving modem;

determining a diagnostic link message;

transmitting the diagnostic link message; and

determining the accuracy of the transmitted diagnostic li11k message.

l2. The method of claim l l, further comprising increasing a transmission power

of the diagnostic link message if a received diagnostic link message is inaccurate.

13. The method of claim 11, fuither compiising transmitting the diagnostic li11k

message a predetermined number of times.

14. The method of claim 11, wherein the diagnostic link message comprises at

least one of test and diagnostic information.

15. The method of claim 14, wherein the diagnostic link message comprises at

least one of a version number of a diagnostic link mode, a length of the diagnostic

information, a communications standard, a chipset type, one or more vendoridentifications,

an ATU version number, a time domain received reverb signal, a frequency domain reverb

signal, an amplifier setting, a CO transmitter power spectral density, a frequency domain

received idle cl1a11nel, a signal to noise ratio, bits and gain information, and upstream and

downstream transmission rates.

16. The method of claim 11, wherein the accuracy is determined based on at least

one of an error detecting scheme, a bit error detection and a cyclic redundancy check.

17. The method of claim 1 l , wherein the initiate diagnostic mode message is

based on at least one of an initialization failure, a bit rate failure, a CRC error in an

initialization message, a CRC error dLn‘ing the normal steady state transmission mode, a

forward error correction error, a user request, a central office modem request and a remote

terminal modem request.

18. The method of claim 11, further comprising completing a portion of a modem

initialization sequence before forwarding the initiate diagnostic mode message.

19. The method of claim 11, wherein a transmitting modem is at least one of a

central office modem and a remote terminal modem.

20. The method of claim l l, wherein a receiving modem is at least one ofa

central office modem and a remote terminal modem.

NVAI 65661 .1



Page 205 of 519

-14-

21. A method for commu11icati11g data between modems using multieanier

modulation comprising:

receiving an initiate diagnostic mode message;

determining a diagnostic link message;

transmitting the diagnostic link message; and

at least one of increasing a transmission power of the diagnostic link message

if the received diagnostic li11k message is inaccurate and re—transmitting the diagnostic li11k

message a predetermined number of times.

22. The method of claim 21, wherein the diagnostic link message comprises at

least one of test and diagnostic information.

23. The method of claim 22, wherein the diagnostic link message comprises at

least one of a version number of a diagnostic link mode, a length of the diagnostic

information, a communications standard, a chipset type, one or more vendoridentifications,

an ATU version number, a time domain received reverb signal, a frequency domain reverb

signal, an amplifier setting, a CO transmitter power spectral density, a frequency domain

received idle cl1a11nel, a signal to noise ratio, bits and gain information, and upstream and

downstream transmission rates.

24. The method of claim 21, wherein the accuracy is determined based on at least

one of an error detecting scheme, a bit error detectio11 and a cyclic redundancy check.

25. The method of claim 21 , wherein the initiate diagnostic mode message is

based on at least one of an initialization failure, a bit rate failure, a CRC error in an

initialization message, a CRC error during the normal steady state transmission mode, a

forward error correction error, a user request, a central office modem request and a remote

terminal modem request.

26. The method of claim 21, further comprising completing a p01‘11011 of a modem

initialization sequence before forwarding the initiate diagnostic mode message.

27. The method of claim 21, wherein a transmitting modem is at least one of a

central office modem and a remote terminal modem.

28. The method of claim 21 , wherein a receiving modem is at least one ofa

central office modem and a remote terminal modem.

29. A method for commu11icati11g data between modems using multieanier

modulation comprising:

receiving an initiate diagnostic mode message;

determining the accuracy of a received diagnostic link message; and
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receiving at least one of a11 increased transmission power diagnostic link

message ifthe received diagnostic link message is inaccurate and a re-transmission ofa

predetermined number of the diagnostic link messages.

30. The method of claim 29, wherein the diagnostic li11k message comprises at

least one of test and diagnostic information.

3 l. The method of claim 30, wherein the received diagnostic link message

comprises at least one of a version number of a diagnostic link mode, a length of the

diagnostic information, a communications standard, a chipset type, one or more vendor

identifications, an ATU version number, a time domain received reverb signal, a frequency

domain reverb signal, an amplifier setting, a CO transmitter power spectral density, a

frequency domain received idle channel, a signal to noise ratio, bits and gain information, and

upstream and downstream transmission rates.

32. The method of claim 29, wherein the accuracy is determined based on at least

one of an error detecting scheme, a bit error detection and a cyclic redundancy check.

33. The method of claim 29, wherein the initiate diagnostic mode message is

based 011 at least one of an initialization failure, a bit rate failure, a CRC error in an

initialization message, a CRC error during the normal steady state transmission mode, a

forward error correction error, a user request, a central office modem request and a remote

terminal modem request.

34. The method of claim 29, further comprising completing a portion ofa modem

initialization sequence before receiving the initiate diagnostic mode message.

35. An information storage media comprising information for communicating data

between modems using multicarrier modulation comprising:

information that instructs a transmitting modem to forward an initiate

diagnostic mode message to a receiving modem;

information that determines a diagnostic link message;

information that transmits the diagnostic link message; and

information that determines the accuracy of the transmitted diagnostic link

message.

36. An information storage media comprising information for communicating data

between modems using multicarrier modulation comprisi11g:

information that receives an initiate diagnostic mode message;

information that determines a diagnostic link message;

information that transmits the diagnostic link message; and
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information that at least one of i11creases a tra11smissio11 power of the

diagnostic link message if the received diagnostic link message is inaccurate and re-transmits

the diagnostic link message a predetermined number of times.

37. An information storage media comprising information for commu11icating data

between modems using multicarrier modulation comprising:

information that receives an initiate diagnostic mode message;

information that determines the accuracy of a received diagnostic link

message; and

information that receives at least one of an increased transmission power

diagnostic li11k message if the received diagnostic link message is inaccurate a11d a re-

transmission of a predetermined number of the diagnostic link messages.

38. A method for communicating diagnostic information between DSL modems

using multicarrier modulation comprising:

completing a portion of a modem initialization sequence;

transmitting an initiate diagnostic communication mode message to a

receiving modem;

entering a diagnostic communications mode based on at least one of an

initialization failure, a bit rate failure, a CRC error in an initialization message, a CRC error

during the normal steady state transmission mode, a forward error correction error, a user

request, a central office modem request and a remote terminal modem request; and

transmitting a diagnostic link message comprising at least one of a version

number of a diagnostic link mode, a length of the diagnostic information, a communications

standard, a chipset type, one or more vendor identifications, an ATU version number, a time

domain received revcrb signal, a frequency domain rcverb signal, an amplifier setting, a CO

transmitter power spectral density, a frequency domain received idle channel, a signal to

noise ratio, bits and gain information, and upstream and downstream transmission rates.

39. The method of claim 38, further comprising re-transmitting the diagnostic link

message a predetermined number of times.

40. The method of claim 38, further comprising increasing a transmission power

of the diagnostic link message.

41. A method for communicating diagnostic information between DSL modems

using multicarrier modulation comprising:

completing a portion of a modem initialization seq uence;

receiving an initiate diagnostic communication mode message;
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entering a diagnostic communications mode based on at least o11e of an

initialization failure, a bit rate failure, a CRC error in an initialization message, a CRC error

during the normal steady state transmission mode, a forward error correction error, a user

request, a ce11tral office modem request a11d a remote terminal modem request;

receiving a diagnostic link message comprising at least one of a version

number of a diagnostic link mode, a length of the diagnostic information, a communications

standard, a chipset type, one or more ve11dor identifications, a11 ATU version number, a time

domain received reverb signal, a frequency domain reverb signal, an amplifier setting, a CO

transmitter power spectral density, a frequency domain received idle channel, a signal to

noise ratio, bits a11d gain information, a11d upstream and downstream transmission rates.

42. The method of claim 41 , further comprising receiving a re-transmitted

diagnostic link message a predetermined number of times.

43. The method of claim 41, further comprising receiving an increased

transmission power diagnostic link message.
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ABSTRACT OF THE DISCLOSURE

Upon detection of a trigger, such as the exceeding of an error threshold or the

direction of a user, a diagnostic link system e11ters a diagnostic information transmission

mode. This diagnostic information transmission mode allows for two modems to exchange

diagnostic and/or test information that may not otherwise be exchangeable during normal

communication. The diagnostic information transmission mode is initiated by transmitting a11

initiate diagnostic link mode message to a receiving modem accompanied by a cyclic

redundancy cheek (CRC). The receiving modem determines, based on the CRC, if a robust

communications channel is present. If a robust communications channel is present, the two

modems can initiate exchange of the diagnostic an(L’or test information. Otherwise, the

transmission power of the transmitting modem is increased and the initiate diagnostic link

mode message re—transmitted to the receiving modem until the CRC is determined to be

COITCCL
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(54) Multicarrier transmission with variable data rate

(57) A high speed communications system is pro- stream data transmission. This reduces hardware costs
vided which uses a selectable, desirable portion of the and complexity while still preserving compatibility with
total available bandwidth of a transmission channel. In a applicable ADSL standards and providing a high speed
preferred embodiment, the invention is an ADSL com- data link. The target data rate of the modem can be fur-
patible modem which selects a sub-set of the available ther enhanced to the point of achieving full protocol
downstream DMT sub-channels based on an evaluation capability by increasing or upgrading the AFEs, and/or
of such sub-channels by appropriate signal processing the signal processing circuitry in order to increase the
circuitry. An analog front end (AFE) contains sub-band number of processable transmitted downstream sub-
filtering causes an upstream transceiver to use only this channels.
selected number of available sub-channels for down-

FIGURE 6

: Suh-: Band
2 Filter 1: cos
: u-
: Band: Filter. 2: saoc1 ub-
; BandFilter. 3

Buffer

RingDetect
and

Tone Dlallng
LogicEP0889615A2

Printed by Xerox (UK) Business Services2.16 5/34



Page 234 of 519

EP 0 889 615 A2

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 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 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) varyfrom 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. 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 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 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 \/.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 component
costs.

Fourth, requiring a communications device (such as a modem) to fully supp ort 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 V34 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 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 (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 im/ention 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-



Page 236 of 519

EP 0 889 615 A2

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 fonrvard compatible and expandable funcfionality;

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 cormuter, 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 inplementing 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 Sskbs 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 inplementation 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 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 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 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
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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 nunber 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—cancel|ation 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 advantageouslyfor 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 |og2(1+SNFl). There-
fore, by measuring the received SNFl 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 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 usec. 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 modern 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 fonrvard 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 em/ironment, 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 = ( 2 Mk b i) * 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, 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 invention 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 (SN R)
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 SNR 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 T1E1.4
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 Com/erter 280, so that only a fraction of the signal
in the frequency domain is passed on to Butter 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 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 one
in the art.

DMT Receiver 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 en'or 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 Flx 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-efiective;

(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 example, 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 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.

PAFITIAL 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 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 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, 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 linkthrough 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 com/entional 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-
TEFt/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 Flouter 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 |SFl 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 corrputing 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 Purm 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 la/el 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 ps. Therefore, by incrementally increasing the sub-channel count, the overall eflect 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 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 otherwise 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-knovvn 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, 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 modulation/demodu|a-
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/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
ADSUDMT signal. It will be apparent to those skilled in the art, after reading this discussion, that the present im/entions
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 sampling 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

N4 '2 ' IN
In

yn = Z Xnel ni=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-c+1v ' ' '-Z-1vZo-Z1-' ' ' -ZIv-1}=[YN-c- ' ' ' 'yN-1'y0' ' ' ' vYN-1}

AFEI DAC

Discrete time domain sequence are converted by AFE 75 to the continuous time domain waveform as follows:
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30

Z“) = Z Znprx (t'”Tc).n=—oc

where pm (I) 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 hG(t), we have

00

u(t) = Z znpnx (t-nTc)n=-co

where p HX(2‘)=p TX(t) ®hc( t).

Bandpass Filtering

If the bandpass filter 80 has an impulse response of

no

hEP,_-(T), v(f) =, Z ZnpBp,_- (f-nTc)n=-no

where pB,;F(t)=p RX(t)®h BPF(t).

AFE/ADC

Let the sampling clock be Ts = To x L. This means a slower sampling by a factor of L for AFE 81. Thus,
:1:

WK: 2 ZnpBPF(kTs'nTc)= Z ZnpBPF([kL'n]Tc)n = -00 I7 = -K

For causal pulse ,UBpF (t), we have

03

WK = Z Znp BPF((kL ' ”)Tc) = Z ZkL—npBPFnTc)n=—m 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 h5F,R[n]. we have
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'1: = Z Wkahsr-‘m Wi=0

= i Z,.PaPr ([kL - '1 ‘iL]Tc)]hSFIR[i].'=o ,.=..

- iz.h..,.u<L—»-1nun-is

i zkL-nhIor[n]n=0

hm:[kL‘ "1 = ihsFIkmParr([kL‘ " " iL]Tc)(=0

Physical Meaning of nw, [n]

If we perform discrete Fourier transform at block 84 for hm, [n], we obtain H m[co]= H SHE [Lo)]HBP,_— [03] where Hs,.—,,:,
[Lo)] and H3,-.«,: [(0] are the DFT's with period |(LTo) and I/T , respectively. Their spectra can be illustrated as shown in
Fig. 1F for L=5.

Droppin Cyclic Prefix

By dropping the cyclic prefix of length c/L, at block 83 we consider only 5 K =rk,k=0, - - - ,N1-1 , where N1 =N/L.

FFT

Performing FFT at block 84 for sk, k=O, - - - ,(N/L)-1 , one obtains:

N -1 _

q $2 sIe—;2:mr/N‘I‘!
[=0

-jlrrnk IN,

-j2Im(kL—i)/N, h [He —j2mu'/N,zIcL—ie tar

—j2nnrIcL-ii/~,h‘e [I-]e—j2mu'/N,I0!

—j21rn(kL-—i)IN,h -jzrznrr/v,tor M6

where we assume hm, [I] is only nonzero for i = 0, - - - ,0. For a given i , let us define
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1'=|'i/1.'|;

We can then define i'=l’L-i, where r"=0,...,L-1 .Therefore, i=/'L-i’
From the above definitions, we have

. . , . N—l . .

-}?:m(kL-1)/IV, —_;2.m(kL—i)I1V, + : ykL_ie-_;.‘bm(kL—:)lN,
k=l' N 4

-j2m([k—l']L+i')/N, + : —j2m([k—l']L4-I’)/Ni)7 /(-4 L "5
/¢=z' ( 7 H

—jZm([k-l'+N,]L+i')/N, +

z'—1

= zykzaek=0
1'—1

= 2 )’(k-nL+i'ek=0
r—1

= 2 y(k—l‘+N,)L+i'ek=0

N,—1

= Z ykL+«"e
k=N,—l'
N—l

—'2.1m(kL+i')/N,
= E ykL «e ’

k=O *1

N -l

X mo-e
k=0

N,—l—l'

Z ykL __e—j2.1m(kL+i')/N,‘H

N, -1-4‘

—j2Jln(kL+i')/N,+ Z ykL+iIek=0

-j2m(kL+i')/ N,

Therefore,

c N,—l

,1" = 2 2 ykL_l_e—j2n:n(lcL—i)/Nth!“ [i]e—j21rni/N,‘=0 k=0
N

kL+l..e [I-]e—j2zrni/N,
I0!-j2IrrI(kL+i')/N, :'h

hm‘ [I-]e-jzltni/N]xle j2;r (kL+i’)lIN }—j2n'n(/:L +i')/Ni]
-lN—l .

‘2 -- _ _. ,

2 X151 75'(kL+i)(I n)/Njhlm [I-le _/Zlrm/N‘-1

e J2zt(kL +i')(l-n)/N Jhml [He —j27rru' /N,

N1-1

Z ej2r:(kL+i')(!-n)/Nk0 =0when(/-n)¢ mN1,

L-1 _
/'2-ni‘m/L . -/Zn"!/N1

qn=N1 zXmN.+ne :|hIot[I]e' m=0
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Knowing that hm, [I] is zero for i < 0 and i > C , we have

XMNIMC J2»--"m /L :!hm me —j2mu' /N.
L l

_ '2 " . _- --

xmNl+neJ 5"”/I-Jhmr “L_lI]e }21rn(lL—:)/N=0

L—1 _ __ .. _

xm~l+" €121!-In/L 2 hm “L _l-.18-/2Irn(lL-i‘)/N120 [=_..

'Zhm[lL-i']e"’2’"""“”’ "' = ih,,,,[zL— i']e'!""(’L‘”Tc
[=—oo ld_a

aJ=Z7m/N7;

=F "m(t)Z5(t—[lL—i’]Tc)I

I L—l -v
_ '2 " /L -. —- '2 (IL-")IN

qn"N] xflINl+l'lZej mm ZhIa![[L"]e jml I
.'I:=o 1:...-I . .

j2Iri'm/L _|_ 2i_‘grl_ 127!!!‘/L
1 "mN.+n 2 5 L1, 2 Hm! (NT, Ln)‘

ru 0 i'=0 I L I-1 -
N1 21:) j21r(I+m)i'ILH .2.7flL_——_ g
1-C "E0 ‘‘mN,+n ; [at (Mr L1-t )i§0

ggn "Inn
"rn.N,+nHIol(N-rt + L7-r)

XmNl+nH1ar(7v27~’L["‘Nl '’'’'l)’ ” = 0'"-' NI "

x,,,Nl+,,H,0,[mN,+n], n=O,...,N1—l0

H,,,,[n1=iLH,,,(73{—n), for o s n < N
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Relationship between q,, and x,,

As shown in Fig. 1G if F,0,{n] is a bandpass filter and nonzero only in the intervals [k(N/2L), (k + I)(N/2L)] and [(2L-k-
/)(N/2L) (2L-k)(N/2L)], where 0 s k < L, the possible values of m that

H,a,[m(N/ L) ml]

is nonzero for 0 5 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

Hm, [muv I L) + a]

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

Htot["!(N/ L) + II]

is nonzero over the interval [(2L-K-|)(N/2L), (2L-K)(N/2L)].

Odd k

If k is odd, we can have m=(k—|)/2 and (N/2L) 5 n < (N/L) so that

Hm,[m(N/ L) + n]

is nonzero over the interval [k(N/2L), (k + |)(N/2L)], and m=L-(k-I)/2 and 0 5 n <(N/2L) so that

H,a,[m(N/L)+n]

is nonzero over the interval [(2L-k-|)(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 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-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 abcwe 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 com/erting 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 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 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 12 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 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—channe|s.

. 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 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 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 R’ 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 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 ‘I’, 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.



Page 254 of 519

EP 0 889 615 A2

. 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 ft 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 f'l.

. 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 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 T, 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 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 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 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 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 f1 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 H 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.

. The method of claim 68, wherein the ratio of 11 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 protoool 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; (c) calculating (210)
the signal-to-noise ratios (SNRs) of respective sub-channels of the selected frame; (d) calculating (214) a first
difference value between the present representative SNRs calculated in step (c) and the previous
representative SNRs of each sub-channel; (e) selecting (216) a maximum value and minimum value among the
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; (9) 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
power are swapped using an actually measured SNR.

FIG. 3

CONVERTER DECODER

SNR
MEASURER VZ80808Z89



Page 268 of 519

%_:.m<moan:H.u:.,



Page 269 of 519

FIG 2

 

START DATA TRANSMISSION

IN_A STEADY STATE

SELECT FRAME 68

IN SUPERFRAME

MI-:As¥uRE SIGNAL PS0 or
SUB-CHANNEL BY DLS METHOD

MEASURE NOISE PSD OF
SUB-CHANNEL BY WELCH METHOD

CALCULATE SNR OF

EACH SUB-CHANNEL

' 212

-A

BETWEEN PI=IEvIous SNRrep

AND PRESENT SNRrep IN EACH
SUB-CHANNEL

Vmox -Vrnin >
CALCULATE MAXIMUM VALUE —

AND MINIMUM VALUE ~ THRESHOLD VALUE?
OF THE DIFFERENCE VALUE

SWAP AND CORRECT BIT AND

POWER ASSIGNING TABLES OF
TRANSMITTER



Page 270 of 519

EwsmfizL5.3:528



Page 271 of 519

_

T||a1|.ilmEm.2IIIIIIIJ.__3:5_.zl...i:<:z.E£2533.s.:__1lll|.muc5£...:|n|J_mt;BE__ant_
_

|-|||ll..l. ZZ
6z<oz2E_«:3%2:3om><m.4fiI£._.V..-.:_._o$_%BE__

5:3538><..:EHz..:..l-
.1

IIIIII

‘

_

N_c~25:£5:U23:AoomrcnC_.
mz<EEn_:m CE~_E<o.oz_u.n:Q55 FIIIIIIIII1!fl\

__

w:03



Page 272 of 519

2303032

ADAPTIVE BIT SWAPPING MTHOD 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 to channel characteristics varied during data

transmission.

A multigarrier is generally used inpa 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—channels, 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 nmximum 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 hit number of a value in a bit allocation

table for a sub-channel having the maximum error value is

decreased by 1, while the bit 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 absteady 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

transformingfiheans 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 SNRs of each sub-channel, 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 severil 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

116.

The receiver 102 performs the operations of the

transmitter 100 is: 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 iJ1 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 variatiofigin 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(5D~150). Steps 206-210 should be performed

repeatedly f5? 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(SNRn*) of each sub-channel

is obtained by averaging the N SNRS. Then, the difference

value(or first difference value) between the presently

obtained SNRRP and the previously obtained SNRnm 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 hit number and

power table) should be changed to enable a receiver to make

an accurate decision, in step 220. In step 222, it is‘O91

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 systenn 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-'v-o

achieved in terms 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

ll
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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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CLAIMS

1. An adaptive bit swapping method for use 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 steady 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 values 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 a second difference value being a

difference between said maximum value and said minimum

value;

(g) determining whether said second difference value

is equal to or greater than a predetermined.-threshold

value; and

(h) correcting bit and power assigning tables of a

transmitter and a receiver if said second difference value

13
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is greater than or equal to said threshold value.

2. An adaptive bit swapping method as claimed in

claim 1, wherein said step (a) comprises the steps of:

establishing the initial bits and power values of said

DMT system; and

starting a transmission of data in a steady state of

said DMT system.

3. An adaptive bit swapping method as claimed in

claim 1 or claim 2, wherein said step (C) comprises the

steps of; *'

measuring the signal power spectrum density (PSD) of

each sub-channel by a deterministic least sequence (DLS)

method;

measuring a noise PSD of each sub-channel by a Welch

method; and

calculating said SNR of each sub-channel from said

measured signal PSD and said noise PSD.

4. An adaptive bit swapping method as claimed in any

of claims 1 to 3, wherein said steps (b) and (c) are

performed repeatedly a predetermined number of times, and

representative SNR value of each sub-channel are calculated

making use of said SNRs if the predetermined number of SNRs

is obtained for each sub-channel.

5. An adaptive bit swapping method as claimed in

claim 4, wherein said step (c) comprises the step of;

feeding the procedure back to said step (b), if said

predetermined number of SNRs of each sub-channel has not

been obtained
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6. An adaptive bit swapping method as claimed in any

preceding claim, wherein said step (g) comprises the step

of;

feeding the procedure back to said step (b), if said

second difference value is not greater than or equal to

said predetermined threshold value.

7. An adaptive bit swapping device adapted to

function as a receiver for restoring transmitted data to

its original form by conversion and decoding, said device

being adaptedQfor inclusion in a discrete multitcne (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 transforming means 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-channe1;‘

SNR measuring means for obtaining the representative

SNRs of said respective sub—channels from the output of

said A/D converting means using a frame having an inserted

15
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sync symbol from a frame structure of transmitted data,

calculating a first difference values between the previous

representative SNR and present representative SNR for each

sub-channel, comparing a threshold value with a second

difference value being a difference between maximum and

minimum value of said first difference values, and

outputting to a transmitter and a receiver the signal used

for correcting a bit allocation table according to the

compared result; and

decodingfmeans for receiving the outputs of said SNR

measuringwmeans and said frequency-domain equalizing means,

resetting a slice value, and decoding said reset slice

value .

8. An adaptive bit swapping device adapted to

function as a receiver for restoring transmitted data to

its original form by conversion and decoding, said device

being adapted for inclusion 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 transforming means for receiving the

output of said time—domain equalizing means and

demodulating said data signal modulated in said

16
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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 values between the present

representativg SNRs calculated above and the previous

representative SNRs of each sub-channel, selecting a

maximum value and minimum value among the first difference

values of said respective sub-channels, obtaining a second

difference value being a difference between said maximum

value and said rninimum ‘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

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.

9. An adaptive bit swapping device substantially as

herein described with reference to Figure 3 with or without

reference‘to Figures 2 and 4.

10. A discrete multitone (DMT) system for an

17
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asymmetric digital subscriber line (ADSL) which has a

transmitter for encoding and converting data to be

transmitted via a channel, said system comprising an

adaptive bit swapping device as claimed in any of claims 7

to 9.

11. An adaptive bit swapping method substantially as

herein described with reference to Figure 2 with or without

reference to Figures 3 and 4.



Page 290 of 519

Application No: GB 96136023 Examiner: David Midgley
Claims searched: 1-11 Date of search: 22 October 1996

Patents Act 1977

Search Report under Section 17

Databases searched:

UK Patent Office collections, including GB, EP, W0 & US patent specifications, in:

UK c1 (Ed.0): H4P (PAQ,PAL,PEM)

Int Cl (Ed.6): H04L 5/06,27/34

Other: ONLINE:WPI

Documents considered to be relevant:

to claimsIdentity of document and relevant passage

Document indicating lack of novelty or inventive step Documem technological background and/or state of the art.
Document indicating lack of inventive step if combined Document published on or afier the declared priority date but before
with one or more other documents of same category. the filing date of this invention.

Patent document published on or alter, but with priority date earlier
Member of the same patent family than, the filing date of this application.

An Executive Agency of the Department of Trade and Industry



Page 291 of 519

Eff {1} $032) (11)5F%=§$.'JfiEé£~‘p'?-$%

%{:}:|Z6 — 3956
(24) ('14)’L‘.‘.=‘:.=El EDIE 6 F(1994) 1 H12

(mnmcv

II 0 4 N1 11/00

H04B wm

H04L 1mn
12/02

EPi§fl§‘%
8627—5K
8226—5K

6942—5K

8529—5K H0 4L 11,’ 02

*fs‘Zi71fi£i=E%

D

%EJi03§S[ 1 (é 15 E)

(21) tjfla%%

(85) (22) H53

(86) £F;%%Hifié$%'

(87) El3:¥i}Fa'=fi§*'::7'

(87) 3|%’£§I§*H El

(65) fi}§Si%%

(43) flf Fl

(31){§5E1Ei"5E§vS-'

(32) {ESE III

(33) {§_§'E1%¢.§EF

(54) [%E.'H0)47J¢J<}

[¢v*r%‘F§é*2“<®$E#}

5|¥FHiH’u‘61~502770

flmm$0%w5H5H

PCT/US86/00983

W086/07223

mH$u61£i(1986)12) 4 H

$§:§Ha62——5o2932

HE$u624<(19s7}11J19r
736200

19855135H20El

fiéfi (1: S)

999999999

iuflv} 3

7’)! ‘J fiéflli
9/<—7"‘ 4 /

t 2*/‘-~ I‘ -7

7xut%$E

(T1)tfiEE}\

%—fiyt» n—U>7tw1

~f7’ 2&0

ff}? Er-‘:1

$%fiKfiFH¢®tm®$W%E%?AfifiW

1

(%fiE1]§%fiWflE%é\WB1fl®§%TE%

¢%Evb&®§m¢%f—&IuxV%&:y:—F

L/fdfl%3i$Wi0) /€“C‘*7‘“— 3 J: 1/)‘ V ‘%IV:—F?%

Tfiififl %.%%?’sz’§‘;/E:I’T -f*7‘"—519/E*fi(§."d‘Zu?%‘i$%7"“L7.\L:

%Uéfi%Wfi%flE?—§&U%’
%L\L:;I5In“C,

j&%D¥r5vx

:fl%%fl§Wfl®x§Mfiiht§&®%%Wfi&fl

lZ§f9‘L/6% E/9% 7§‘)55Z5J‘?Zri7E‘/J"£@‘%>3.3E%:‘:\
%§3fi’x“Ifi§(?‘yZb<‘.’«}“o”b)‘Z;a*7“P 9:1 1/)‘ ‘/ T~0)?E%*’E‘5\ EH13 ‘

£505; 0 2: N <E0)F':E0)fl§fi(73~’*®§%Tfi§?%Ev _

11 E(l)‘[‘%‘$iEi(W3‘E (n— 1) E(l)‘[‘.§$l§li&fi%u£\

III

11
J.
\/

i “C‘iE7JEI@“Zu l:E73‘Zn%%’7J‘fi?Q?iJ%3F%/ ;7i‘Z.> 395% (E \

LfiwfimE&&®mémfiimt@&T®M%m®%

%fi%fiEfi%E%’3fi%m¢%muM%HU¢5¥fi

\

—#v4yay
Qwm mU7¢»:7

N7u—F man

72 V~7
Qww fiU7xw;?

P 5

#3?‘ $45!? Eli

2

®%$¢H§htéfi&%7Mmfiu%fifl%m¢%

(E
C.

J|E,§4'C‘ ,

W
Z>3.3E>%k\

_ ”J§'é7?IEE’77<7_’§'J") ¥'CZ>5,3E§%3:\

“fFJ"étCE'37‘]7JV§GS%>).5i®(EI\4 P (m a X) /E9333‘

%@¥T5fl%%fiW%@W§WEW?%iEMP(m

ax)E%b<fiU:O%U¥TEh%?—9fi@®fi

fi;fiMP(max)u%Lw#Xu%h;boéwW

%%%&®t®®fifi&%fi®&m%L<&%;5u%
Wk3‘£%i§J%ZF‘2£5zt:~iJ/52?)“-7‘> 5? %I:§IJ '0 %’“CZ;‘_’Ei£<E

TELTCC <E75:”r’31“"fTfi%‘9“é“/’Z7"‘lxo

[fifiéifi 2] :%E0)HEI%44n‘b3‘f“-E§“c:<‘

f7E.%’i®%§’7J‘Z;<€-Eh I/\‘)1»0)7"—7“I1/%,+13fi)€7J‘%> EEJEQEL

%1? ®‘2:EEé7(L7“:,”+i‘5J‘7';t%7‘j I//\‘J1/OWE‘/E’ *3 :§0),”+>:

fi&%fibNw®?~7wwE®1o«kIbTfi.®



Page 292 of 519

3

Efi$%M9§@7%&&&%%?5%%%fi®flflm

fimfifiwvxfa

[%fiE3]%?AA&UBfi%%fiKiof%fiE

m\$m/42&m%¢a<E@2au\

;%£?AAkB8®%E£%UV7&fifi?%T&
}: \

;fi%?AA&GBu3H5#fiEfifi4y9 N»

t5¥V/4f?—9%%%?%3§E»

$1@%Wfi%%fi@§é%:fi%fLA#5B«&%

%?%”Ea%fi%L\%%Ew@%fiuWE®@%fi
?%£®?ED\

Em_;fi%1®%w&%%fi® %%%?LBf&E
¢7¥$t\

%?ABT§%Lk§W%W®fi@%WE?%?Ek~

%fABTWELk%fi%iEfi$®EfikLfiLf\

%%$fiEfi@M$H5%#UZ(d3)%Rfi?5%

&&\

ifiifibk/%f®%%%w%fi%mmH%fifi®@
(dB>%RE?%5fi&\

5&%&%fifim%v%%%UX&§%%%Ewfiu%

U%/%XFfiKmJJTTK/%f%RE?%:&&

%fim?%%%%£®‘Wm2fiufi§®>X?Lo

tzéiriflfil
fifi

‘\ fin‘? 7£Q®fi§E%¢%£®T\

fntM,Efi%?AE@?%o

m%&m

fifi fV&wf—7&fi%%E?%t@®%%%fl®

%fim7#ufi®%%Efi@(vF)E%%%M¢§;

5E%§éhTw%o%?LdaVF%%%E%%E%

LT?V9wfifiEVF%%flE%uIV:—F¢%b

ta'5®%%&@%LT:®E%u&afR%émt

?§§w%fi%?:—F¢%®m,m6hfw%o

Efi®vH%%%u\%?L®fi%%fiT¢é&Mu\

%$®:?~$M“T?~9%&§?&:k®T%%E

§Efl@?%i5K%§@%%fi&%cChewmfim

u,%Wfim@fi“§/4f#vF$%fitfi#¢%:

E%\VF%%fimiafEW&:%fifl5flfififlfl

@lém%:k@\fiWfiE@H¢%E%UX#§%Z
E 70"? E 116

*%M\V:”%fi®E»R%En%H\fiUiD%:

;#6%4muififi£5Q%%fi/4Xw%fixN7

wu\%§%wbhofE~m%$éhf\~M%m

<i&€®T%%ofiUT\ChfT\VF%%fi®E

qwfifimfihbké/KXXN7Fwwfifiéflii
éfiiafl T%%0

EK\HW&E%fi?§E%§EfiVF%%fihi9f

%fi3M%ofi0T\@fiE§EW§E%®%fiM\V w

%%#fi§R$hTM%oLflLEfi6\@kfi§®%'

4

FfififimxDfiéwfiéwfififiummfiflfififié

mag:®mmEE£$E&£®@%©\%E#fi&b

hZ,u¢?r;a;0)H?rFafiL: 5/2 0) V F r=‘a§£’¥5".l:“)Lr‘“u"?fi'JEL,7’;tb)

NLYI: 6 Kb \,..

EE\VF%%fi®%%EZd%WfiEfiEEk?%o

%fl/%fu\%&%m%fi&ufibfE%UXflfim

Ep§hé/4fZd7%wfl9T%D\fiW9H\?

7Nw(dB)TNE3$éo

~%u‘®fi®%fAu\%E&Ié—$%%%&5n

?%7E§%fiwyfifimy7kfi%::m;aTJf

54y/%X&GE%uz&fi%LtwaoWz@\A

ff%mmmR®%¥%fi%4438511%E%,fi

‘/5311/7 ' ‘7‘“*f31 ' /f‘/’/ifiandalf Data Tnc.,)LiJ:-3
f%fiémkSM9600x—N—~€?LE%?éfi

fi%fLfi%fiéhTwén/%f%§fi%%%§.C

®SM9G0Ofl\%®KE?*9E§%4800Ws

Rfl2400mmmF¥%>7%JWEflTéfi%0n
5VE®%fiE%fi$flkVX?A@‘64®EfiE%

éhk%fifiK$aT?*7%fi%?%oN5VE®>

x?Ad\5¥V;®i%K/ffflfiwfififikfib

%m&&fi?%%%W®%E%%6E%:ku;O.v

F34y:®/4f®Efi&mfiE%fi@¢é$®fi£

%o%0T\N5VE®VX?Ah\VF5¥V/ff
x&7%w®%Efi®%%fi%w%fi%%%$6fi%:

zm;D%®xw~7v+%EwmfiTéfi5oNay

E®vZ%Ad\$EMM\VF§¥V/{XXN7%

w®fi$t%fimf§%%§%%®j—//—-j—%

%%fi&5o$%Wm\N?VEM&af%%éhk%

fiEfl%%¢%®?%%o

%E®£W®VXfA@\Vk54VK&of%Eéh

5Efi&mfifi®mwEE%%kvx%Au;affifi

¢%%®fiE%C§%fifiKmfifi@$\@mR%&¢

W®%Hfi®EfifififiK£WTfiE$h%c%9T,

Hfi@'bHfi®E§fiflfld\%fi®flL,£Wfifi

fi&%fifii%&5t§Eém%o%kEF 5%§m

u\~%m\:%®fifl%%fi?%kb®flAu%#%

Qk$héo

VF%%fiEfiLr®fififi%@m%LLtEM%®fi

%fi\HTm<fi%kAaT<%fi%&?:%%ED%
5%hfi%%CE?Eéo*%m\20®%%®fl%&

G74vv—vayw‘m®3o@fiE®1o?fi&b
1&0

(a)%&@%%ufiLf%&®EW&%EWé&Hm

§Vw?7D7?V7oC®fiEd\%¥L&N—Xk

¢%fi%”%vX?Au£% mEh%%®T%ég

(b)%&®%%MflbT%&®%Eh7xy%%E

¢%%fi?w?7u7yyfio:wfiEd\%E%#:

hm§i*k$f®?—a%%fiLk%m@$%+yz

wéflfifizfii:‘&X?Lh%uWflAfLflE_é%
60



Page 293 of 519

5 6

Lc)Ei4 F%_‘TE3%kE5éJ%F7w? Lfi\E#$%1%fiéfiEH%M?&i5hfi$®E

fubvyfio m%fi&%§k¢5w%fim%fififi&%D¥réo%

ifi@éT®>XfL?fl\fl ?%%x&—xfi‘fi %%fi&\WE%i$flk%EUV7®uf/%fXN

m®>x%Aflfi'ta¢§ht~m®%%tgfiwf 7rw®@m;afm$a®fi\§h&@?~¢®%$

fi%éh%oL#LE#E\:¢5®~E®§§M\§ H‘:®%E®UV7u9mf®/¥f&“%?%&5

%fAu:U%%%® 374v7n P<“E V) ufiufifié 50

%fiuELt£®TM&woWifi\mhtfiX ‘ A%%®W®%@k;hfl\§%%fik$#é%#®fi

En—&m%fiéht3C7—7x%—vaym 7 1®%fifl\fi%®H&TE8L\C®%1%fi®WE

%%M\10X@Z0fi®fi+%§%7L\%®~“ TPHk?h@\$”E+TPH®fi FW%fi3%¢

pf$x0U~y%%Hm%.c®%%\EEw%?A fl %;5m*¢%$h%UTPn®k%5u\fi%®

zéfiu£?Aa®%u%vV%w&%L<%D¥t% %%fifi%EOmf€E3h%§fifiWfiEE%vwfl

~%®%é?@\PC7—7x%—vaV@‘fi§u% Xb%hiDk%woWZfl.fi%fi%@TEW:%E

1"/fixlb/’2E'}fH‘i'5fl§¥'JlrC§'J‘,7 ‘i’I“C%C}:L<L7E(5; fit’?/Cx E’? 7’:H§F'u'i°/U*X‘x 0 - - ~ X nil LLJZ-jfiibé
ifiw~37xv7:—F%%®%EfimmUT%wy h%%§Efl\fi—5%%W%flfi%TE+TPHWE

%n@§&%D¥Té%fAfi%h@\?%V%w§§ %E$flkfiEVU—fx0~~-xnl .xo--

0)§U"a"’éE"~]7I’I$U _75)\7 .,<f;'E‘fEE’&”1.79o ~ xmfl M14:-3“C?E7bE7f’1.79(, m0DnL<L3’flL'3‘EJ:J:i—\
fifiwg’ TPH®TEmfi¢é&m%Lwo
fififib‘§%¥wfi®VF“%%KE_?%@fi%? &%%?LtEwTM‘fi—F%fiW%®%1%fififl

Amw?5U:®%?AM\§%Aw§$%M%E L fi®fifi%y&~NuTofiRfiéh5UmTE@fiy

T60‘é?—7%%$&EkE?%i5tf—9&U 7UV7%%M\fi%T0+”3HM%WT%%éfl

%7%Eé®%%fiKW§E%0¥T%n%§fi@F® én

%7@%¥d\%D¥T%£%fifi%E®W%%fiRT $9?‘%%fifiEW@kfiU%fiE#fifiV7UV7

am Etttn 3: w 5 %IJ%&@7:e§*b‘%>o 3&1 §E%FaEJ0):?bf*7b%’»%2‘:-1* 21%» 0
fi§LW%WWTH\iE%?AH\“K “HUV7 $¥W®%K%®%@Eiflfi\%?LAkBk®%T

®fl@%%i@®1%W§fihmUT20®%?L(A ®$%Uy7®fl%®%¥u\19®&%v47w'm

&GB>%?fiEé&%fl§%¥vx%A&Fzrw §%?LN%E¢%N#vb®fimfiLr@fi&ty+

50 ?%CkK&of?&b1%g%fiN7v%@,1O®

$¥%®W®%fld\fiW&u%@¢&MWEE%fi% fi%%%fi”5%%Wfi¢M%wTlV:—Féht?

¢%EAEfi?fi®:@E%t?éVX?AT%9f‘ —§EfiZfm%oX\§%fAd\%¥L%®£%U

?:zv+7—7%%£kL&w;5&yx%Au% ' y7&fi%“%kb®fi$%®N0v+%éE?5;6

0 ufimém§o%aT\1o®%?Afi&%¢&§?~

%W®1o®%flE&flH‘EE%E§%(QAM) 9E4bfWEw%§T%\§$®N%v%#§ EV
,wT£Qfi@%$‘M%1n®fi%?%%”%Ev V%$%L.@®Nax—&fi%E$méo~fi.%?

%&®?—fllbXVhfi§%%WM1y:—3$h Am? aE#%w%auu\mmémtEk&@N#

%o§%%fiE%fim%w5u_/4Xflfid\zom v @a&%@Lr@a@@%%A«wmm&m§¢

%fA(A&5>&®M®£%1V7%fifm%$h %$5fifl%fi%fi8h%o

éo %@;\%?AAW9§®?K9%EL%LT%?A3

;<flEhTm%i5t\lvFI§—$(BER)& “<§®f—?EE¢%%fiEfl\%fLBfi%E®%

E?bNwMFKfi%?N%%fiE@\W%®%%W% LfiUV7®flfl%%fi?%CkKH%gfl@%W

fi&t%UéW5®@%é®?—9lbXV%%%%fl m :%?AAh%Eéht%§mM\Ch#%mfiI

%E§?%%fi&\%®%%fi®um/ Xfifififim ° v ‘“§?%ofi9T\€?LAfl\EW

qrcuézg :%buLt;comL;<“r;5t,cm, Ejfilc‘ —?‘—5w) »‘El *l:0)5'>kffiUffiJ1%2~3fi@“Eu3 zmwfi mIJ$aJ1%c:rc—?‘A

E%é\WB1W®§%?%%?%€v%fi%flm?% ‘€iéh\NW®N#“F&%%?%oWmfi%M

kbEd\E%fi%%R\wE\S/Nh&%mL&U fi%Eé®?%%oTG\%Wfid%fbAE%fié

nwmeauo \IM®N#v%%§fivT#EfiW#%3K%?0

$¥%®~%fl%h$wTH\flM&BFR&fififl, fi0T\flW%®%wd\IflN®flkKW¢%o%?

%hwmmwrg¢ §$&§fiu¢%&5uf—§& AA@f—9§®%§ELE®N5v%fi%%&éz%

U$fifi%0¥TEh%0$7$¥VX?LH\%%% %fi(CCT\L%1tN&®%®@T%%)‘%¥

mm%w%$%$%n@%n—1iT®%fiE@Tfi* t‘LkN®fihmfl?%ofiaT\%%UV7®§”

?%kbKfifi&W“$fi&%.?%¢fiW?\9X? w u\n Ww W®“fiK?§WT§k?6c



Page 294 of 519

7

EM\N€vk®fifi§NM\§%?A€£hfiD?%

%%§@&<\€?LA&GBKiof%E$h%N%

?—&®afl®$fi@%§UAmé;5m£zé:kfi
Tfifi

$%%®Em%®%@t;hw\?—§&%i”%mm

E%nx&3fifififi7fiv%fiwEéh%.Efivx

?AM\WfifimB®§m%RfiL\ChB®”h%f

E763

$¥%®EEW®fifiK&hE\To®E%&@%P?

?%>X?Lfi?ihTw%.C®7X?Lfi\fifiT

AK£?AA#5%%éh%fi%E3ihtf1&Gf

g®2o®&%EyVE?% WTWé0fiETAK%

U%fi1zfizmaxsyfiéfifiwmfimammfim

fi:T&%o

WfiH.%?LBE§UW5#\

¢é:au;af§E%fi®5$;%®fiEfiT mT

#%5m%o:®fi%T EMm%H%@%:yfi§%
El

0

f1wI%w¥&fiH

0)$E§€a‘EI’~J7::ME Ln? L:’4:‘%é7;:£Mi‘/7“¥..:@é’1'

nV§611%U

:®fifiK§W%

%1 .‘»‘<L;', 7I<§:E<HH:
7\

%Z“k\§W§fi®QAI%R?E@®357\
a3?k\$¥%® fiW%fi fUv7%

»4“r\$%%®fl%7jhZ%fi?7U%%%*

In E 1% :’i%‘2E,%%)§’§5Zé§fl§® 75

§€5,‘>‘<l;“ 0, 2,

Mfi¢5E@\fi

Z.)‘€7‘71/’\‘J/77.’/J/x’

$6 .‘»‘<L;', 7 }*’EfF£

w7xr\:%%‘

$T_X%fi5A

%8%k‘%%fiEWfi$%®%fifififitfl?é

mfiE7&EE®%§%fi¢757\

w9"‘\E%W:%E%i?%k®E$%WW
h%fi %A¢?37\

u10“u\EE$hk%£fiEfififi%%%%?%fi

EEE 357‘

Lia ?E§J§‘J‘7“/7°I/—}~/E’/T<7J‘1\‘?JEF1§fl

4, 5, 61:“-vF7“‘—§I:1/2<‘/1*

%&%%fl%%m&fi§:@ufifi

#L@fi57\

wjUfL%m¢7§7\

.m§mfim7wjUfL®mW.

,(/‘Io

fill?

‘>‘<\ %L/C

¥fi.fi¥fi®A—FfiI7$fifl%fi?H%?
?@%o

fi:Lw%mW®$m&fi%

fifiwfix@WfiZW@”a5¥V/4f%fi%?§$

5MEfi&fi%k%H&E&®%Efi@fi@%T%fi%

fi%mmU1%b%r\%WfimW@?%mm£fl&m

%”%k%®%mn%®%£W%%%L\Ek?%?v

yzwu—Pfi%&%§Lf%%W%?Ak%§m%¥

(D

10

J “M\§%?y7u—b®1omfi?®%m%fi m

‘ZG—3956

;5&%?Amw?5U$%%®EMw®«

TfiN%c

$%fi®£%%fi%M?%k®K\$%%b

Efi&§M&U§%%M&a1x&8a2»

A’*£f<L:J;\ LT

.u\6#1%
lZ“)L‘Tfi

mm¥:wfi%?%omwT\%3%&%mLf\$%

W®3$®¥flW%fiWé%nm%K\%4¥KWbw

13¥%§%Lf\4%%®@?&UEb®%M%fiW
?%o

£%&Ué%®%m

w1xM\$%%®$%%fi&£%10%m?m§2?

%%oCflfi\E,W%E4Mk®VF$%EbkaT

%b<%%ihk512fi®%%fi%Wfi12%§hT

m%oA%%u\%%£fiEm&u3H%fimuflb&

mfi4y&G:+ y%%%%E?%&5&E.E@E

SE <iQAMf> % L"'Clz‘Z.L~, fiFr'5~0)17a&%%Fx"%J%F:z£&cf-“ {E
Eh6?§9w%flM\%®Efl%M$H5M#;WD

fiWfi¥V&U:*%VE%&fi@§%¢%Zk
TIVfl—F$*%0

QAM>x?Lu\§Ev%$RBfi¥»a%$‘
Zoo L7b\Lt;:7b‘I5L, %E!%'*E;L<Li74”€—1/—1\RS ~*

hk%%%fi®%E$u\RB®~$%ufi%& O

Rfi\?~&fi20®%fififik%L<%D¥TBh%

%fitfl\RS RB/2kE%o

’;l¥$L/I/‘$\EJ1fiE7UT“'vi\ 0, 2, 4, 5‘>(L:<6l:‘*y -7*‘-
@IbXVkfi%%EfimfiwTIy:%Fé1\%%

%%®§%d136iU@€amEk¢éo§&%mm

OwT6Ev%®Rs%fi%?hw,£%W&EfiER

Bfl\22580EvF/%9%m)k&5o%%fi®
75%E©k9f1EvF®RS&Wk?hfia\flW

u%%?%éRsw\%1130om:%Lwfl:®
Wfii&%mRSV\Ev%:7*$fl1l5*/10

o00o%EEv%fifi®fi%?§&énéc

%1.%lZ$6Lr*“C‘ ¥§£&®xi”;$5é1 40:‘ ,%1i742fi5z’+>.fl:%

F1fiv7Jk%75%fififlMfl%?éo:fiv0

H‘_#TET%D\TE®fi%édMTTfiN%ifi
L:*R’*‘Zi‘hEa(,

?V9w?%9%Eb®%Efi%fi&kLy:%F?%

QA1>X?AEw2¥EOWf%W?%o%Z¥E
fixfinm ®%%Wufl?%4Ev Ffifljzom
fiéhfwéodfivkfldx16®¢h®E%k5:

c‘:i3"C‘?§%o C0),@'§1“,¥l:%b)‘Zx>§.$\l'i\ 4‘? M11 (x

n, y n) /E’§E&%)b“CL¥5‘9. X nLi*J'/f‘/{§%'0)?}1§’FE"C‘

®%ynbWfiQAM7Z?AM%H%:fi4V%%®
%mfi&6oH%®i%nd‘§%3méW%fi&RL

TMé;fiOT\4EvF$@TH\40®MQ®yn
0>'ffiik\ 4')®f|§1120) x n@fIfik7b"»1Z\§ké<€’1Zuo LYN‘

T%mufiN5i5m‘W5®%%&%fifi?%@éh

1~0fl?5I%fE1JD7J“%>’/”:2sbl:L3<\ 7c0),%%7%‘Z§5IL:’1j*f ‘/

4fwfl#@5kbt\%fi&@m?%:k#ME&é

Lk@fi?%%V%w&flU¥I5,§flm&éfi¢% w fl%o4EvF%E®%fi\§EW®%fLH\xnfi



Page 295 of 519

9

Uynfi@%§®40®%XBhEfi%#W?%hfiK
5%“:Z®#w%fifi\m%®%%%fi%fiEfi?%
E%fi%fimu;ofEEém%o

fiiLMiWW?fi\N#v%fi%&,MT»5 fifi

M9ém%o19®N#v%d\%%%®fifléhtI

fiv7k\I5—fib?—9&%%hTh%.%N7v

FV\l3*fi£Uk%é\@E$h5ITfiELE%

é$%o%mMR\?—§®fifiL%%fiW$éh&w
VXfLTd\n7—FIfi—%Efl—F%fiUIfiv

0% waha

7577“

%3%d\$%M®%fiW®fUv7%?%%oChu

Owf%??%k\%EW%?A26fl\fi%®Z%v

%fi$fifi%fifé&éhk£%Uyfiwfifimmfifi

éhé.£E>X%Au@\”EUy7®m%%u&%

éhfifi%%?A%§Eh%C&%E%$hfiwoMT

®fifiE%mf\¥fi%?L®fiUXflfi%®%fiEfi
E?%E%%?A®%fi@‘%E%?L®§%%%u7

5%A(’)E#%HUffi?o

bf-:3 “ 7IL"§)”riH§3‘% 8» K“)? < Z>’”J‘“—§f;’?*El'i\ *E’7‘“1A2

6®%§vx%Az8u;D?—&Afi3ou&Um5

héo?~aM\ ‘®?*9Ev%&LTN777%

%U32Efi%éhécmy77X%U32®Hfida

§%N5x—9%§%34®xhu%fi$h%0Efifi

5X?9%E$3L®HDH\N9%w?*7uNV7

7x£u36u§fiém\amv77x&u36@§%

4Xu&w%wEL\%%EfiEfi&?$Eéh§&%

Ifiv7¥kD®EvFfl&%%L‘m“TfimmfiN

%i5K\%W§W§WfiE“7%%©¥f%o

AaT<%?»¢m\ANfi~ 3OT§HW%h\l

fiNv7732M%%éfl%Ev%&—&VXm7%—

?v%kéh%.

§%$34fi\i%®QA17Z?A%_wf\W5®

&®€v%%§m%WEmfi®tb®(xy,yn>N
7FwEIV3—F¢%o§Kfi\%Wfifn?40®

Ev%%$%W%C&#REéhk%%tH\Evbfi

#E®40®€vFfiw2“®4€vFE%W®1GE

®fi®10mfi&¥h%0:h6Efifi®%&@\40

®EvL®16fi®%z6h§méfi®19ufim¢

5o%aT\EW&nEW?5fi V&G:fifVE%

®§fi@\Ev%>—#VX®49®Ev%%IV:—

Ff%E%W®fiMflWf§.(xn,yn)N9%w
d\fimT\N7%wNv77?~7136wfi%éh
éQ§%%u,%wfi$%m@i1k%%W®kw®

(xn,yn)N7%w®?*7M%§HWO\QAM
m%fiE%fi®:%%Mfi?%M3&Eb??9&mm

V:—FkéIEfiEVU—f%flfl?%0

fiiLw%fi%?m\§%$40u\%E7~v;£%

%(FFT)&F%T6U\(x,y)N7FwEFF
T%%kLf mTflbHT@HE fi¢§CN7+w

%~7wM\5-zafi&E%®1024W®PFTfi

&§b¢1024®a&®fi&fiAfiwéofiFFTfi

%40®kjE%fi$fl%o§%%40®Hj@xfifi

9—#VXNV7742M§fiéh\flwT\%NV7

742fl\7%u7I/ 4y&—7I4x44m§i

hk?§§n/7%U5:VN—&4Swlfimfifié

h§o(ya%7I{X 4m\%?A®H7%fl%®

x4v%fi%%fi48u&fi¢%o

§EVX?A50@‘@n®X4v?fi$%fi48K%
fiéhT4V9—7x4X44M§iht7%u7/f

V&w:yn«a(ADc)52&fizrw%oADc

5z®d7u&EfiEv1—fNv7754u%fii

h\%Nv77fl\fiw?\@%%5G®XfiM%fi$

m%o@fi%5a@a7u\§EN7+w%~7wmv

7758K%fi$h‘§Nv77H\WWT\?§@w

?—9¥E%60®l7m%fiéh§¢:®?V9w?

—§%E%6O®H7d\§E?—9Ev%Nv776

2K%fi$h,fiNv77H‘Hfi%¥64u%fi$h
50

flW&@X5§1—pUV?1:vF66@\§%N5

X*?%E%34\N7%w?*7wNv7736\@

%%56&3%%N7%w?—7wNv7758u§fi
éhTw%o
a3¥uA$flk flW®%%u:wvU%%%mfi#fi

§o?—9%%%?%%E\¥fi%?A26d\E%%

fA26'kW@LT\%W%fifififitEU%uf

/10

MK&0‘QAM%$%§b?1024fi®fififi@¥
?—fT%fi§h%oC®?V9w:y:—Féht%

fi?U—f®1OZ4fiwID%V}fl\?V§w%%

yU—fNv7742ufi%$héfi?V&wfiEv—

#yzm\7+u7/?yaw:ymwa43u;b7

%U?fi%t§fi$h‘ V7—7:%X46fl\@fi

®X%v?fi$%%48&%T%E?%;5uE%%%
55}? Z) ;,

§EVX?A50m0mffiW?hfi\@fi®Z4v?

fi%%%48#6§ELk7fU5fi%@\¥V§—7

:4X4GMi9T%fl$h\7fU7/?V7wflV

N—&52mflHEh5o7%n7/f9&w:ym—
952%‘7%n7fi%%?V&w®1024Afi%fi

7U—f?—7wm§mL\:hfi\§%fi%>U—f

Nv7754Efi%3fl%o@%%56fl\1024K

fi%fiVU—f?—7w%512RfiCxn,yn>N
O w?—7wMZ&L\Chfl\%%N7%W?—7

wNv7758ufi%éméQ:w§&d\%%>U—

2m§fimfFFT%£fi?éC£t$0fifibflé0

%Efi&%fiwu:y:%Péhk€v%®&u%¢%

fifia\@fi%&@fV&wf—9%:%%omflufi

fi$1T50\%aT\§%N7%w%—7wNv77

58K$%éhE(x,y)?—7wH\?V9w?—
/ w @%:%60u;DHfif—&Ev%>—#Vxu§fl



Page 296 of 519

H

éh§C&EEa$hkwoWifi(xn,yn)N9
%wfi4EvF®V—5VZ&ib¢%éEfl\C®N

7%ufifV9wf—§%§%60u;O4Ev%y—

#VZh§@§fl%bf§%?~9€v%Nv7762

E%%éfl%o§%?~§Ev‘V—&VZd\%W

fi\dfi?—9fi&Lfdfi64«%6h%n

E,?5FFTE%®%%KfiWH\1975EN

. 03701//'7‘/{X ' 73‘\—J1/ ' /1"/(7 (Pie-.ntiCe—Ha11,
Inc.) L:J:'9tjWi“Ea‘17’:‘5'1:°fl‘ (Rabiner) EV$0) V7/3

’§<II/f§"#‘fl}£:0)fL§fi‘n[">’ZU°)»L» (Theory and Ap licati

ons of Digital Signal Processing) J 2':;"EE3‘Zu3‘(Fi)ELZ
fi&Ehfb%mL#Lfifi6\ifiLkFFTE%fi

WV\A%%® E&%9Td&m0fimmR\§%k

Lr::mmDLWéfifim5yE®%@®w5L1
0‘fi¥V13—70&UfifiL11,fi%V1—3O

umwahtxéui%$fib~y&E%%Efi5::

hi9T§fi%fiE5ZEET$%oEE\N?VE®
%§‘®flf7’L\1 2. 5%‘/3 5—7 0,73’7’1A13“7’

¥V1*70&Ufi5L14\54V1—13KB®6

flk@%>X?A8W@§Z%Zk£?$%o

fl%&UX791—wUV?J:7F66M,*:®fl

W%fi%mu%H?%&5tfl%L\Afififimfififi

‘@?%o
V‘/fifwwfi

£Lk;5t\%%fi&%EWt:y:%Féhk?

§Ib%V%&G%®E%fl%%%w%D¥T5mt

‘7®fifiW§@.%®&%W%fi§K3H%?%Vi

/4fflfl®fi%$u;oTF‘§héo&&&fn

o°b)‘Z,>J! fig/’{7{‘7*Z§jN (if 11) Li\ »ji}\’§§if 11

aU%fl%bk(&ELk)/%f%7u.EWfif

u$U%kELtE%uz%%ELt%®fi£5o%

w/4Xfi5¥V€ktZkL\W%®§%VmEmf

§fiCEE§W”%c%oT,CCKfi?VX?LT

u\?—9%%®fi%MN(f)@miéh%o

Z®N(f)%W?Lf\fi§&3fifi%?L26&2

6’t®%m£%Uy7%%fi?%kbm$vx%Lm

%M%§hTW§ofiqw6h%HWR%®&%fifi4

4%E%W?hfi\xfv71m%mf\%fi%fL%
E§%?A®§%%@4%wL,E§%?Afifi7~7

~y?®Jfii‘_EE:f:7.fwo X?“/7°2L::}’c’Inf\ iL“v“§%~7*“.7.\

%\fi®%fiDNwT29®%Wfi®Ifiy7&%Et

(a)1 37.5%:/3wR

Cb)1687.5m:/3flR

~hM\afi@RmflLfMEb\%iLw£WW?

Lix 0dIR:—9dBm“L‘kif>D\ 1n’vi3‘,J7]“§lI/*’G‘Jz3§o C

fl%®}—Vd\MTT%WEfi%¢%i5t\§¥E

‘/’f/">’z?f,%i%I§§5I2I‘7%2~:/ l~7§:‘23/;3‘E.>0)L: W37rL%>( ,

aw?‘$%%?AH\fi%T512®E&&%§Um

(®

N

R

W%:~A%%UWD\C®:~At$wTFPT%%

fifiég512a®fi%fi®%fiDNwfl%E®fiEt

v%$h%®T\E%%fL26@H®&UX7V1—

wUV71;v 66fi\§ELk:~F®%EWfim

YHLLXC (X11, y 11) Tfi7'i’HZ$§éL\ C4”1503ilfi78_"\ iii;

Z§’117’:F:3%‘:l— “0)‘§-§’J1x’\‘)lx7“”£.§»’2?I’3@‘ (‘X n, y n\)
fi®?~7wz&fiW5o:®&Eu;D\vF%%fi

&ELf®%%t;6§%fi&®%%U2fi%%h%o

Xfv73®@K\¥fi%?L26&UE%%fA2

6'®fififi\%&®%?Ah$%E%fifiKbhKw

%ém5%ym#E¢%/4Xf—9&$%?%omw

T,Wfi®%?Lh\%%fihk/%f§%uEfiwT
FFT%%fiL\%%EfiEfiflM%H%WELk(3

ELK)/42x&7b2mfi@%%i?&C%fi®/

%1Ifiy7&Wflmbf\m?E®fiE%%®6n

X?v74M5mT\%fi%?Ad\20®EW&®l

$v7k\%hMfimf\512®EWfi®%§:—A
&‘X%v72u9wfflNk%®kiU$hbNwT

E%?%_m%%?Lfi\Ifiv7&Ufi%3~A%%

fiWD\Z?v72®¥&%?Am9wTfiNti5m

§$%W%fi§K%U%9%iV5\éfififhfififi

§Ux®fi%%fi?§oC@fik5\f\%fi%?A2

5%‘/xffifig ‘* &&b§%$fimu%E

¢%;5m$%Lf50,~fi\m§%?Aa,%%m

%fifi®$%m%E?5fiU?~¢&%fiLtwau%

%fAd\%%m§fifl&8m§%§Efi®fiEm%w

%%%UX&U&E/%Xm@ELk?—7%%£kt

éo%ifl\C®?—4fl\HW7UhZ®%D®Z?

v7u;fimf20®%fLfi?§%éhéc

X%v75uEmT\%§%?L@\E®%%W%W&

fifi@%hbNwm2€v%E%%E%£%fifiufi%

¢%@&$¢$1®fim:y:—F§%&%:Lf%E

1&0fifiifibdwfiflfififififiuzfivikfifi

?%§fiflfi\180°®WfiW&fifi%fiLt~28

dR§%&Lf%§éhéQ%fi%fibNw?m%¥%

EnE2EvF%E%$%LfiW%flfi@\—28f0

°mmfimMm®%E&LT:~Ptéh5Cm%%?

Lb\C®@%E§Eb\E®fififi%%WWb§%§

finu2Ev%®%fi%%%?%m&Pfi?%0

Z?v76m%mf\W%%?Afi\Ewwfiwfimfl

fi%fim:bfl&@mn%iha@mEm2Evbig

&£%?ém&m7;2®Mm:y4—€%%%%§L

$39“ C®'f§%75:33§"::‘“L“‘§’Z20)LiC\ M;“»%T:-7-“LJ3"%‘§

%fi§fifi@/{f&GE%UXf—§E$fiLT%D

H9Z?v75fi%%%?Au;D¥:Ehk%%u5

wfm%%RfifluflLfHD%%9%&ELTm5@

E?&%¢%fi%fLtiof;EéhkE%E£W

Ti23®Ev+%mfifim$%“5%%fififi%&,

180°®fiNWfififi?3—Ftéh\M®fiT®fi

§3—LE—27dW?§§?6o%fi%fAM\Z0 em fiu\0°@mfiW&mfifin—¢kéméC



Page 297 of 519

B

ChT\20®%?Lflmfi%UV7fi@E?éo‘%

E‘3OOEwL400E®fiWflfififi@@%fiDN

w®2Ev%%E%fi%¢\ChEiO\20®%?L

KWCW6 O 0 1:‘*:I Is/I7T3\7 7/3§%15$\J7.73‘?m 277*”) 7

7?u,:®HE?é?—9Uy7&fir4fiéh%é

Wm&N7v%u%mfm%%§fifiK§%mfif%%

?5:a®?€§Evb®fl(0—15)&U%fibN

w(0—63@>m%fl%?—9%%E%?Afi%%3

éofiof,::?\%§&Um%%fA®mfi@\m

$%%fim®E%mw?%?~9&é9:zuk5U%

EWflfifiEfi%?%Z8®T%%Ev%®fi&G%fi

u&w%%E¢%kw®x%v7uowfu“mflw
éo

X?v78EEwT\E%£?Au\fiE?%?—§U

y7% mf%§m%fifit%%fifiu%%?é:k®

figaiv%®&&G%fib&wuw?é?~9&E%

M

Ev%%$%?é%%tfi\Efififififlfifib/No

&iTfiHh@&%Kwo@b\Ebfl\BER&W%

®BER(BER)o;Dmé<%%?ékb@E%%

N/Ev%?&%0

%5“d\fih®@%é\flE1n®EfiT%%?%E

vFfiB®E%ufi?%QAMZ@%fiLTw%nEE
%Mi?6WEWKE#fi%%ZEb/Notx;%®

(BER)o%fii?tC®E%K3U%Evk®flE

%E?%K%¢%%fikfi\%;%§i7®fiKfiE1
fw%,

&?Ad\@fi®z4v?fi“%fimm7ém%:fl

%hfi%%%fi&Uflfi%%u&oT§%$hk@po

%flR&wkw5flM®$kTFfl?%ofioT\5

V/%2%fiE?%tbm%%$t#$fim%m?%C

&@&Wn%flfi\WE®BER%fi%”ék®tfi\

/4ffi%m?éMOhT\E%%#®E%é\MB1

?%o%0T\J%?Lfi\W§%%&3%fiWm®M
fifiuswf§afififi%u%%€N%Ev+®fi&U

fiimwvvfifimao

§%%%%fifim%U%u1/%2u«w&%®%im

w?%:fi®fi£?@\m5®y—&Vx@m%®x%

v7fifiW$htoL#L&fiB\ChQ®-EQX?

v7u&iD %?H&<\§<®xfv7dE%ufi
fi9T%$Wug®m?Tfifi9T%&Womzfixfi

m:»FmEfi<PPT®%fi&/1f?~9®$fi&

W%MfiE5CENT%%oXafi%7 txnmgfi

&7%iV7?@%%Aih%0C®9%iV5E@®

fifiu,%E&&fi@u%DWf5ht:vh@fi&6

én

$E%%t&E§%a®Hu7mi?®%W&%7tv

fiHET5®w\~%®vF%%fi®%%?&5o?

FT%%%E%%5fi%kwt%.C®fi7tvF%f

EL&Fhfl&Bfi‘cfi£Lw%fiWTH\CQWE

H‘§EE%®fi®%&Gtwm»%@:;©%7tv

%fifiKEU%E'% V®# fi%E%%fi&5:

&M&nf%fiéh§cH%&6E%7ujUfLui

©\M£&fi&&%7tv%w&¢mfi3Féhéo

§fi&8:—F®@%$\W%1n®§fiT%%?%E
v 1* iiiwififi

§%%&%fifiE%t:V:—Féhtfifid\@%%

56EiU&%?%V%MEEWT?:—FEh%o?

WV?»/4ffl\%%%%%£ifi\§’7UfiX®

fi£&m“éfi%oWzH\%$@fifi& omBoE

®EvFN%%Eb5%?®§%E\W%‘n®§%?

$%¢éEv%&%E?%?~7lbXV~%\¢M/

4Xu&2fifiNom;D%flNH5mtvF%fifi&

%f%fi?é%émomf%fi?éQ~%t\%%vx

?A®%PhiD\%E?§é§iEv%l§—$#fi

%fibNwE???%fiEE%WLt%Z\#mEfiN

u®fi%F%ET%Ev%fl&fiML&Uhflfi5&
mo

%E®fifi®%?AM\6%V/%2$Nfi%m?5%

M\%%®§%é‘%E1n®EfiT%%?%EvPfi

%§7VHWKE%E¥VV7F?%nWKW\10®

Qm®%%Am\Evhm7~$fi%E®§kmmTu

fi9éh%iT\%Ef—?$E\960mw®§fi

{E798 720 bps, 4800bps\ Z400bps‘ 1

20mm\%Q®§%TfiT$fi5o%DT\%#‘
H‘/%XEfi%?%i5tfi%K§%?M93h%o

Nayfiwfifiuxmfu.%%$&M@€%fi&d,

/4f2&7%wmfim&%fifi%%§¢5£mfi&

5o%of\§%%V%wu\7Utv%émk&®E

v%%%fi®%fibNwTfi%LTw%a%%W%®/

%ffififlWEéh\§%fifi%fi&?%E?N§fi%

%@E5#EOWTW%@Eéh%3%oT\N5VR

®%fi?a.?—7%M9%M#.fl,?%é$@mm

bt%/4f®%§®flW%fi%¢§c

$¥%fiw\§%%fi%%%u%H%§%®@%é,W

$1u®§%T%§¢%Ev%fi&U%%W&%%mm

%DWTBhtfl/M%fi*fl®~#34V/KXXN

7+wwfififim+%MmnLf&k9%o

$wfi%A®wWfifififi%ufi«®:—Fwfiflé,
mB1u®£%?¢%?§Evk&&6%fi/Nw&%

E?é$vX?LL\fififi7wflUfAt:6<£®

fi%%,/fi%7nfiUXA%‘?%V%w%fiw%fi

fi®m$%§AML&i5M?wViw®%fi%%Efi

5fifiEfiWEfiET%%o?%V%wfl\/{X95

fi4@#?%%%fi®%®T\%%%fi~fi®fl%&%

H%ofiGflfl\KEfi7wJUfL% T_Tfi#%

$5E¢%§®T%5ow5¥EOWTmH?WH\%

fififififlfifiaffiiéflx%fi%fimE£KfloT

WmE$§oJf/4fZN7%wd%fi6OTEbé

Eéhéo/%XuNwNo&Ufififirofiboa@ w M\W‘w%E%fiM‘i%%fifiW72EioT§b



Page 298 of 519

M

éhfi.Kfifi&M5%Wt\%E%J%Eb?fi5§

®mfififiéh%mfi®~§®§M%fi/ X%fififi

MLfm%:k@6HUEhtt@fi%%0fiu@&fi

kb\mE &a%Umfifi7wjUfL®Efimkfi

%%\1968E\:J—3—7\J.W11oy a
nd sonsdW®F%fi£%&UE%fi®%%“E

(Info mation T eory And R
E-.1 ia 1e C01111nu11icat'1011:)jc‘:f"£

?%fifiN—CGa1lagker)E®fi$EfiNE
€’LTL\Zo,.~

mfifiL%d\@b®:—r(éf:3—@E®kb®

250)) E 1n“C3L:*/i“C‘%7.3>é2“C0)7"\‘ 5?3’3®5y' ‘REL

ffi$fi¢®Bh:OfiW®%éT£éCkflE Wfi

W?&5$5&%wViu®;fiW3fii%§ t?%

CEE@?ét®T%%fi%fifiLT%<m

$%%k$§fiEV\?vViu®§§%?khfi5%

0)'E‘bi7StI/‘O «Uta 2!:§r‘§flH0>fi%i%zV;t\ % “ Lzvwf

;fiLki5Efl_E%R”fiKfl%®%%QAM$W
%,MT$%§h%%fi®§&fikt?%£®?%%U

zfifi®%zE®%Fw\%E®%7DNu#%2®§

Q&fiW®%fi/%fbNwut?%iTmfi®%W/

4f7u7%??é%$fiMfl,m%&*7®%fi%%

O¥T%Z8TE%oZ@%¥EfiE5%QEd\51
2®%Wfi%€ Lfiwhfifiafiwt

mwfi\m3w§fi%vy2wmJ{/42u&wu§

¢%:T20®§@W%W®fi?%fi%fi#%D¥f5

ham:®%¥/Nw®%%u%.EM&%—7w%M

W$%:?éCtfi%%?\%E:fl6fi%Mfi#?@
%

0)J_0“C‘cE>Zn(,

I )§E%E%mTum/4X&WiL%LT%EU

XT£Aé%C&Ei©%§%KfiH%VX?A/ff

;E¢%oChE®§%WE?%c®7uhZH\%

4“&§%Lfi%m0wfi%?fiWLk0vX?A/

%Xflfi%\§&%W%fi%u9wf%E$fl%0

(2)%%Kwafi@ufiL\%&&fi%é(::ufi

¢%fiuu\o,2,4,5,&U5>wf—&:u%

VF%%%?%K%§&$fiDNw%fifi?%0Ch

d\W§®BER\WRH\ll?“/IOOOOOE

v%T@@®?—§IVXV}&%E?%E%EE§%

fl%%RK&of$W/4f&%§?éCku;05%

bhéofiBERd\§%$ht%W%fi®%%l5—

%®wfi%é0:h5w§?fi% mu\mfi%&=@

@6%6h\:®%E?§<m61Tm%o

(3)%E$¢t%Q®&§%fiuNwbB\?~9l

DXVF®@#é\flB1n®&fi?%@?%EvFfi

%%m?%m%£&%fi&$huNwNR?*h5_C

h%®%fl&W§®%fibNwM\fififivmfiéxfi

E3‘flE1u®fifi?fi§?%Ev%&fi%%fi£L w

7f?;‘§H§0)ili‘i Lb‘ '7'J"1E'f’97JLZ lz‘7c.)L770)r§]JE/7‘ifiil’3§. >5? '

w

TwE?~&lVXV%®@%é\W51fi®§%?$

E?%Ey‘fi®$M&%T%§Lt%®T%%o

(4)%&®?%V%w[omT\%fifiW%%fibN

w&6§mk§®2w6A?~7w&%m¢5U%h6

0):‘iffilii\ \iit3'5JL:\ ‘Er*<‘Jv I‘&G‘L“~7 I~'C‘i%7k>2’_<7r
%n

*1 52> lfiificdté" < 751.7;/4R5:‘ZI%-a’7Jld’riEnT,:%EX?‘v

74®?—?w&m&?%:km;btx%73A&
fifiéfi

(GJW,?%%*N#§%%i?\fifiE<%<K%

%%&%7mfiLrflW?i%%%%h&mmw%E?
%n

:%@“7%¥fiEH\%E&Wki9T§<E%?%

$50C®WEfi%héfifid\%ND—?%V§VZ

fLEEmTEE7éNfiX—§%fib¢t®?M&
IA,

§1u\%wfifA&GfB®2v®%%%A&8Bm
fiL.EmimkEvrfiN1®?—&:uxy%%%

T373‘/T’o7“:?s?>0)Ffi§EE’%P 7:2? L11; \Zo,.-T1
E 53 W A

N2 —N1 "‘N2)

2 MP(0~2)= 2/Ev
2 MP(2~4J= 4/6“

1 MP(4~5)= 7/Ev =

1 MP(5~6)=10/ Ev
iifi ii Wi B

N2 -N; MP(N1 ~N2)

MP(D~2)= 3 /E 9

MP(2~/1)= 6/Ev: F

2
2 18

1 29 MP(4~5)=11/I:‘~y I‘
1 44 MP(5~6)=15/Ev I‘

%1®By}flN1#5%2®Ev}fiN2N@%é‘

WEIu®£%F%%?%EvFfi%%m?%kb®%

,/73\‘7‘£(%7]Li\ 15I0)F§1:|’w.U<L J: :3 “(E575 BQLI5:
P3'—P1

MI’(N1"’N=)= -———*—-
Nz—N1

QbxP2&UP1H\@%é\flE1n®E%TiE

¢%€v+%Ng&UN1®¥—a:pxy+%%%fi

N? —N‘ Lin ~?‘—.’>I;LI/><y

+®@%é\mB1n®§%fi%E¢%Ev+&®§%

B E Rt/i\ 7‘J'h‘;/ Hflfiii Fbafhéflct 5

MflW§h%Ck%E%éhfiwo

%fififAEfi?%%fi&%fib\%fiHfBEfi?%

%®iD£@fiw0km5®fi\fBKfiU%CP/4

fN(fB)#fAK3U%¢f/%fN(fA)lD

i:%w’>*I3'C*2l5E»o



Page 299 of 519

H

%$fiA&6B®%¥%%E%fitowTMTtE4

%oéBv%fiNTfi%wfl%%m:y:—Féh%

fi\%§WAE%BEtEv‘fi%D¥TEflTw&w

%®&fifi?%1WXfi\N(fA)&$N(fE

H‘flu?—9&%%Lrm%:h5®%%m®%fi;
O%’%wo

C®W?fl\>X?Lfl\%?%&lV%y

$1flE1n®§fiTfi%?éEv‘fi%5fi%Efi%

Lfiékbaw,mfi&fiD®10a®%7:N&%&

fiA:Ba®H?%D¥f%.

TE2€v%fiU%I?%tbMd\?1V%wA&

w%W§M4fi@®%h%%D¥fbfiE6f\?¥

yzwné1wé%%u6Em®%fi%%D¥TmH&

Ekwo8~5®d\E?%V%wufiLfN1:0&

UNg:ZT%D%LT?%V%wAKfiLfMP(O

~2):2/EvF\?vViwBMfiLTMP(0~

2) 3/jvk?E%b5F%%o%hfl\vX?L
u,4fim®%fi%%%fiAu%0¥f.2Ev1?—

fixuxy %%EWAt:«Fkb\%E%®@%

$1%E1n®EfiT%§?%€vFfiENT#5NT

+zu%mL\fi©®M,m%&Lh\Mfi6&&%0

2EvF%Et%W?é%%kfl\%fi§AMfiLfM

P(2~4) 4/Vv‘T:O?%V%wBEflbT
MP(0~2):3Ev\?%%@E\$fiE@fi6O

?%§T%éQ%hfl\>Z?AV\6fifi®%h%%

%WBu%D¥f\2Ev ?—&:uxy awfiw

BKIV:—3b.$%%®@%$,H%1n®§%?

%%¢5Ev &%NT~2@6 T+ Evbufim

L3%U@fl.W%E$7LMfi€UEE%

::T%8W&i5u\VX%Lh\f

&mmfi$fi:z+fi§,®£®%‘aw(sho

p)J\é?—§I/%V ®@#é\wE1n®Zfi
F%%?%Ev+%%@J$€%o

§fl&X?Lfi\E&fi Eflu%:?éfiu%w%m

EfiL%mKE1&’F”%:kt;9Té%T512

a0)111%i9_é‘«&4>17‘:3:f-:Fé?_< %0

Kw?‘fiT®%fiwufiuT%%§hké%%%§%

7bNwEW$Efi%<Kéfififlfiaffifibfikx

75L#%fi$h5C%7wu\$%w®fiEt;U
%fiLkWE%&k2h75A%fibTm5c

w7¥Efi\§flE%fi®é%WE§WE$flTV&
woUL%.C®EX}V5L%JMm®X?v7?

$671¢fi%éht64%®fifl%E?%i5u%fi

éhéox%v7kx%v7k@fi®§W&%fififiy
%&LT1b6h%0C®Mm%T@%:®fl%I5~

fl5Uéfl\W¥®§é%%L<fW?éCkfiT%

%oBx fi5A&%W¢6®m_w%fiEd\t%W

%%m?%®u.E?&&m3

tX%73A®§fi7V%H\%®fl?Vbh%U%%

Wfifl

fifiE%uwfififi%fifi&fi?éfi%fi®fiEEbL W b%LTfiW%h;of%fié2

20

E&@%%W%W'

Tw%%&lD%ELTw§.C®:Z*75AH\fi

fl®%fibNw@5t:%h%ofifiWy%®§fiA7

d\fi?V\®fifiTR#3h\fl.WfiE~ M

%Eh%u%:&\fl D%&%h#\ ° —
h%o

“.fifiT“%&\W5®bNuh P (ma X) J:UL§

6arw%%u+7mm$7&a?—amfl¥u§ux
h6h%C&fiR&$h%oEK\fl,m%&@fifi%

§JrZC‘§§77 1/’\‘J1«M 3 (ma X) 7“”£iL/'C‘:}l">§j‘Fl’~]L<Z}?\%7’c

%%tM\kfi®EWW&§t\kP(maX+1)K

%Lw%hfi%b¥r5ma

mm?‘vx%Lu\Eb®%%&u%t&6?—&&
%b%T&kwuf8Efi&fi%%é*¢&C%%$fi

lC§JD¥'CE&”LZ.)?E"70)§Li\ MP (max) LZ%Lb‘

#Rm%h;Dmém¥§%§mmfi?é%fi&%hfi

0)$TE‘2E>.79o C?’ L; l1Z“C\ kMP (ma x+ 1 :) 0W5

7'3‘%Z1i'C‘§'J")¥'C5?I 'C‘L"7StI/‘fr/51%-:\LZOi\ MP (11121

x~1)K%bm%7®%W%U¥T8héc

9 iyvkfimmfifimfifi

§%VX?AE&aT(x,y)N7Fw? 7w&1
%V¢%%éuu\§ELkfl%%10z4ufiV71

V7?%C£fi%§T®%o%fiWfi%4mVF®D\

fiaf‘f4$X%®fiV7UV7$fl%8000/E
T‘UV7wfi®%fiUV7wi7hv%H1Z57%

9U@T%Eo%nT\£fiV7UV7fififil28E

‘@T%%ofi%K\%EFFTd\1024®lfi&

€?%fi%VU—X%%EL‘fi%fi%@128iU@
T‘z§>Z);,

+y7UV77uexfiw\fiy7Uy7&%%¢%i

@®@%£VfiE$fi%£aéh5fi:®& iyfii

@fl\WW'Mfi®fiEMi9T%fiéh§cfi4W%

§%Lf»@%fltfi%Z?v7'Md\%fi%?A@

fi%1us1um§:—Am5w51437.5m®

mflflfl(%1m9%iy7%%)®liw¥%@H:

%O:fi®fi%@‘¥1®&4:yfiaWflfififi%’

%Kfi§?ék%&fi@®E$;%®{§T%D1~‘

M\W2EU@i?®fi§T£%o

:@%$;%w€£H‘m@&%m;of%wfi§fi%
wBh%c%1®§%iV7%%&3%Z®§%iV7

%%(1687.5m)fi\lfiv7V—7h%‘ffi

fiW&fififi€u®fi%?%Eéh%c

%§%?Au,%fi”Es1uBwf%1&6%2®&

xsy7%%®mm%mm¢5oa1za2ma4sy

VE%%m250mwfifi&%#&%&\%1257%

7U@®%fiUV7wfi7flv m$L2o®%%flm

11°®Mmfh#5D%ofi1&3fi2®a4iyfi

E%H\%flE®MEWmfi®‘DfifiE%%fi@EW

fl%Efifi§$fi@#T%%(2507%bU@:

%)o%DT\2O®943V7#V7W®flWEKm

7'CHT[3FEfi‘U‘\/V/(‘U V7“?



Page 300 of 519

w

7fivF®W@?TEST%@E?%C&t$D\KW

aa iyfi;¢To&%fi¢%:2fi@%%o

fiyfuy€7uex%74iyVE©?%:&u%é

LkEtW®%Ed\EWfit%fi¢kWWEEfiVF

5%yu;af%flém%:&?&%¢:®flfifiE

$1 fl%t\VF%%fi®%ét@\W2SU@Fm

fl%'MiTE%oEk\C®MWEEH\4Mh®E

qwfi®%Hfi?fi L<Mkflé0

%8wu\EWfimmfi”6fim§@%§Uk%@é%

fi&®Efi&%$fi®%E%fiLTw%U%8“&fifi

En)>JZ'fi/‘(fa , fzss }§lU3f512 L<:3‘f)(D§

%90,94,&U92fifiihTP%a§$fiTs®

20®fi§xi&3y1d\§EW@M£‘TK%§fl
%o§fi%®mfi\$§?E%:EM§fiémkmoL

#L&fiE1%fl90&U92®fiHfi®§%®%fi

fl\m%94®‘bHfi®ChB%#kWvfEEéh
Zn

Eu,Zflflflmtfifiihklfivfixififlyifi
9wT&\%fi®%%Nfit%%%#92&696k®

%1fi%xi®&$fi\wM®‘®fifiEE%fi%94

;®%2fi%y'®%%t E7%_:® E210‘
%%fi®T%figU5c

fiyiuyfi4y9—mw@m5@%fi4y&—AwT

s“C‘~‘J V71)‘/7‘7i‘Z,uck5l«:W9‘b)“$€ Z1ai%é?:b3c\ 4%

&W&h3U&%%Efi®%§&fiy7wfifi5hf\

m®:£v7#5®E%fifiy7Uyfiéh%o

flfi®yx?Lu.Wm@m(%t1u%W%_wffi

fi£w%fi%¢5k%ufl%fi®:%%Wt¢%o

”%%®%%E%fi%?%t®T%%.C®7i—?v

l~7i1‘<fi°i9Wlt;7‘CEd’1“C ~51

w9¥EfiW?hH\$fiVU—Xx1,y‘&Uzi
t$9T%Q§b5 h%1‘%2&G%3®%%E%
#%éhfw5Oa9“MméhtW%H\Ewfifm

%%fi®10M§fiéZ%oC®WTH\fi%fi%Ts

#12s:U@?_%k@m§m1m#8iU@T%%

<Ef,Efi‘é«'hZ;(, 73> “%F'u“iliE~*3’vi\ 1 3 6i1)f’}‘0)LT~°

v7&i®%oWi@\m1®fi3110(xi)u%
(/\TLi\ “X11125 77J\‘IEE§'?DLC

%%3h\WWT\$%®%fl®8EU@Xo—Xm

7’3%*T'%‘)iE“c*Z1%>o

I$v7®UV7‘V?%,fi—P%%fi%®%%®1

zxiuflumzéhé(fifluflfiafimflfiflu

;oftbEhtf—F%%:£v7®%%ufiL

T10

:mfiH7u&xfifi10mufié1fw5Cfi1om

t%DT\m%® ®Nfi®f1k\%fi®%Hfi®f

2zu5wé%1&@%z®fi—P%%§%110&G

1 1 2f3“fi?:”7(Lf "Z19 f, l::J:;;b)‘Z))§J°§z%;5z,1:JE,’u‘l13:\ *9:

E%u§mMflé“5éfifi&®5Ewmfifi%v\1 w

mm

$%fid\fi%&fi—F%E7fi—?v%& "Yuk

m

9mEHéfififi\fi%Mfl%?éfl%?%éoE10

“E%mf\f2®%2®fi%112fl\f1®%1®

fi%110fi§E%ufl%?%%%To%®%%To+

Tm(8sU@>m&%%mfl%?a_:®%wTo1

TMK128iU@®fiy7Uy?fi%fi%%3héo

fIf‘9T\ f2 ®é§§E§%'X: “X1023 7]3Hj’:/73])‘/7\

éha.%®E%®ém®8iU@#?&%éha®

T\f1®%fi%%fiV7UVV3h6o

R\E%%®:%%%%3h%0f1®%2%%<y
1)@fl%fi\(xi)®%fl®8i‘@®*&§t$

af\83U@§@3fl%ofiaT\f1®%Z%%®

%%M\f2®%1fi%®%%& fibfiwm
8EU@®fi*“%fid\>Z?A®E_W%E3fik

¢%;Er11}:0)i*§7&%!~JG 9/5ZIfi€1}‘3‘%L:31E3$“tt "0 £:0){E7’3VZ;:

fi@M\%%&fi—FfifiEfibT%fi% Jfi$%m
%w:zu;5£mT®&o

fifi
$%u,%5®%%Wu9wf@.@%7ntx~u%

Héhfo (X, y) “V7 ~Ib®7E%§73‘Jfi§%":L:,j?$;‘%3fiJZ
R5f\/ X&U%®777&m;Ofifi®

E\%X;:—éJE/7j\"f:j‘L¥?’1«%0 WOT. ffiglélk ml 1 T‘

ht§%?V7b k%,wf?: Fé'

%11%EfiW?h@\?V7D bah
Uw“fi%F$h,fi%113® mum

73‘§:éH §€’1Tbn7; 0

%1 13<LZ2Fo"lfl'C—, “V7 H1/W (X111 y 11) Li‘ f
nuaUé%4V&U:fi%V%%®@%$mk%fi%

§bvTwé0Wfl\E@fi(3,3)%'bk¢5fi

%113WWE%o%9T\Wfl\C3,3)E?3—
FEE?/L%1T

$%WM\fiW'MRmEhtMflB®%EUX\Efi

fi#7tv1&G§ iVfi®§k&wE¢%;5ufi

fi%?fi5VX?A%WZTW%o

C®fi%?X?Lfi\m11“®@fi?V7D—F®fi

%m5w%§§&7%1®M“&fl.?%£®?&%o

%12¥KEWT\1O®fifiW1ET1fi;\fii&

§ET\%b\115,1]6,]‘7&G‘l8®4

9@%EE9UBflT3U\ChE%\§fi\fifl§x

§fi§\k%fi%,$Kfi§%§bbTwéCch64

0®fiT®%mh£Uéfi7V fixfiéflfifihbm

ffi%§%E&$%®é\fi%%%E%Wffi%fi%fi

u&$%®%,gwK%Lm#Xu@9%Lm%éu

lit‘ °/7«?L\7’3‘i§5E§'J4flfF"I_EL;2i€>Z>O EH15‘ /%f7‘J““fF~0)

%%T&%%fiufi\f:—FéhtN7%wWEfi?

7aI5~0)7§r'rWfi*3‘/5?‘L\E:t’cZ;a1 ,

L/7’3\Li:7‘3\‘B\ }‘é"f§L1X773‘{0.1dR“L‘*E§1|Z'§‘Z;i¢3'/E-t\L<L

dx$éflf%fl?V}@fifi<%fif%fl?V%®fl

#6%b<§k?%0fi%E\Efi§%flWV%®fit

i§‘§Z>7J“,'7‘/ 1*0)§§fiZE0)%;f3‘*<“é’b1i%§l«:Lic\ 2“7Jz

v1fififi@§km;ofmfi®uEfi*Uk:k&fi



Page 301 of 519

m

LTM6o%9T\Efi3\Efi§&@fi%fi¥\$E

flf®flWVF%®%d\E%EX&G%7tv%%fi

fim£mufifi¢5:a—%a&50

$§Wfl\C®I3 %fl% wT\Wfl'hmméh

tE%UZ&U%Wfifi7hvFEfi§?%£®T@

%0%%fi%ufiL\iumwutH0°®%§fi:6

~%fiugfiwffi&bh5.fi%$flWTu\$3»

*fifi%\fifi§\Efi§jfi§fl§\$éfi§kw5

Vmwxu aééJ7mfium@%OETfi%¢%®

‘aTo&@7F3%&5

EE\%géht£%UV7®%@fi%fifi

%fL&W%%fA(%é\A&@BE%?%)®@T

Ei?5E%®VZ?A%fi1LTw6olVfl%FE

‘¢éE%flT%flém%fifi%H\%fiN#v%&é
5*¢%3

LEUVO®fl%%M\§Wh\%?LAtfiE$h

%oflWTx£fAAfl\%®kfiNv77E%U%?

—7®§EREL\1(fi$)kN($®?bkfi<3

m?»9N#vb®m?Ewu$%%fi&5¢Wi&N

H@fikL1@%\%Eéz%N#v+@E%%&rfi
u lhNv7w%$u¢%ufiEfi%®i©%%L<

mév.‘fi\%?LAfi%®LfiNv77h%Efiw

dé<?—§%HLTmEm%fiEd\%?ABk®£

E%$%?ékbmm%kLf1u®mmN#v+%%

%7aQWzH\IW®N#v%u\%4W&fiH%7

UhxuowffiNfififi§®%%Rfim§:—L&§
U0

WmfxL%UV7®flWfim%?ABu%EEh\§

%?Ld\%?AA®fiW&fiDfi¢¢%E5h\%?

LBN%n%1®N#v%%%E?§%éuu.%?A

Bfi@wfw&CkE%?LAMfi8€éo

flfi&fi?@I:—&@®1—WfiH® fl&Lfi¢%

kbu,z9@%?A®mfiN%fiU%®uLkDfim

d%?Aflfl®%kTC B%?L®M,%fiWLkD

¢%M£fiEwo
H—FW17®$W

F31 3 “ L:t\ ?I§§§HH0)1\~ }‘\‘?;ui7’935’1N[75:EjVd‘7“U‘7

7%?@%o%13%&fiW¢h@\%¥M&?9&w
Tflhvfilzo.7fU?1/O%V§—7:%X4

4&3?VawI/o4ya—7x%x122fiH”m

f—&nx124mfifiézfwéOTfnfil/0%

y3%7:%244@\£H®x%v%fi~fifi48%

Ntwf amz124u4ya»7l42L\?ya

w y&—7;4x122m\$J9w@—3%w%%

1z6%H£®? 9NX124E4V§—7:%X?

60

$%w®?iLw%mWfim\fi@m&fifi .$1I6o

MD

20

30

50

m

7%:§I/O4ya~7:4X44u\EE%®12

€v%fl—§~?:—§(fl—?v7)&@%fifi¥V
9—7:%XT%%oC®%V§—7I%Zk\RAM

132&70flXL\%fi740:7ufiv*128k

iaTW@3fl%o3—?V7H\7fU7/$75k
:VN—§\?99w/7%U?:VN—@&U%&®

my FNX74 21/x>3::‘i >av7~~:2 7°l~<;;1"~Jj(77k/:..}bE2'L7':?B

®?&%c

fvawl/o4y&—7:%x122u\fifimfiz

5EV®Rs232fl:27&mflW6%$WkRs2

32fiW%y9—71%zT&%#fiwuN—v%w:

VE;—9NXufl?%wW%V%—7:%XT%%0

%¥W&?V9w7uhvfi120w\7F/xmx1

35EEfi3htEfi7:tvfi128£\%,wfij

7Uhvfi130E\32KX16Ev%®m,RAM

fi79X%A132&\1*FfiVX%U(?OM)1

:v%133k&Wzfw&o

%fi7%7U7Uflv*128@.10Mm®6800

07:tvfi&U68 007u75Ax%U%%@6

8000?—97:hvfifi7yx%L?£%o32K

x16Ev%®7U?5AX%Uu\ROMn:v}1

33;€iht%&®t%fi%%§®RoM%v7fi%

Féhéc

fi$7utvU130u,20Mn®3z07:&v

*\3207U75LX%U&Um,RAM9Z?A®

4y@—7:4x&§U32o?V9wE%?4&u7

n£vfivx%L(DsP)fi%&,RoMn:v+1

33k§ihfi20®%fiROM?v7fl\8192x

16Ev%@7Ufi5L%%U&$fl?%o

320VX?L®7fl7§LX%U@\§%%—7w®

wv97v7\FFT\@%&GiE®@®flW%%fi

?%7U59AE§AFW%o680007Ufivfi

%‘Rh&@H7®?§9w?—§fi%fl$L,320

%%7Utvfi&U%hM%LLk7%UfiI/ON®

9x7&G%®%fi%£fiL\%Lf%h'm&8vx

%A®%X}%fi’£fi?%n

A%%u\%i®%wwuswrmwLtomm%wm

d\#%\%¥%mwE@?%553

fin‘w%wwwm$¢u\:aLn;5ummL&<

f%&m¢%%m®&d\2®$%\wzfi\1024

T%imL\%®E%®flT£&W3Et\%%fifl\

%VF%@tbkoT@~m%%‘hffi<f%&m0

fiM\QAM%%V\$¥%®%KMk9T ETHE
WoflifixAMEE.LTé&Wfi\¥—§$RBfi
fiF?7c

Eu\§%?y7u% vfi%?fifi?%%§#&wo

é@fi&WD%<E%®%fi®fifi&@m¢%:aw?

%%0flfiVX%AH‘E%%V7V—%®fi%%49

®%fimfl%Lt£@uomf%wLtoL@L&#

6‘E%H®fiOM@W$htE%®fiflt%Uéfifi



Page 302 of 519

(12)
B

v+&®§%E%?5:gm;Dm%®N5xV7%E *&U@%flW%%fi?5:g#?%5g

EzT<@‘Z>C }:ia‘\"C‘-‘3Zao ELL £33?‘ ,tn7”:‘[‘E$§»iM; Ev 1~'C‘aEo7”:o L75‘

ER‘%fi7%7U7Uflvfi&UfiW®fiU73tv b\$%%u\2fi>xfLumE3mét®?u&

+—>a~ga:,~;w Fr‘/17i1’f’+E1Z5IIl:9L\T?5§’F£33 bra, L73‘ M,

LEfi5\%bKfi%b%®IC?v7EEW?%CE %flfl\$%é‘\ f®m#®aM;af$iém%

fi?%%_Wxw_§ ®FPT?v7% WT §%* fl®k¢%n

[>t:'11“

:1

"9 13:97 2 ms ISE)

use: :2: use:
firm 91-2’



Page 303 of 519

ll)



Page 304 of 519

20'?
H
M
H
E
H
H
B
E
H
W
3
I
T
G
5
E
5
2
I
0Ofimfiflfiflfiwfiflfiflfi



Page 305 of 519



Page 306 of 519

espacenet — Bibliographic data Page 1 of 1

METHOD OF COMMUNICATION CHANNEL MONITORING USING PARITY
BITS

Publication number: JP10513622 N50 Published 353
Publication date: 1998-12-22 V\/09524995 (A2)
I"V="*°r(5)= '?wo9624995 (A3)
AppIicant(s): -I-V\/409475 (B)
Classification: EP08D8534 (A2)
-international: H04N7/15,-H04B’I0/207,-H04J3/14;H04J3/16;H04L1/00; -E CN1193433 (A)H04L1/24; H04L5/02; Ho4L5/14; H04L25/03; H04L27/26;

H04M1 1/06; H04N7/173; H04L27/00; H04N7I16; HO4B10/207;
H04J3I14; H04J3I16; H04L1l00; H04L1I24; Ho4L5/02; mm ”
H04L5I14; H04L25l03; H04L27I26; H04M11I06; H04N7/173;
H04L27/00; (I PC1—7): H04L1/00; H04J3/14; H04J3/16;
H04M11/06; H04N7/16

- European: HD4N7/1738; H04J3/14; H04L1/()0B7B; H04L1/24; H04L5/GZQ;
HO4L5/14T2; HO4L25/OSES; H04l_27/26M2; H04L27/26MB;
H04L27/26M5; H04L27/26M5/-\1P; H04-L27/26M5C3

Application number: JP19960524-387T19960206
PFi°"“V ""mb9"(S)= WO1996US01606 19960206; US19950384659 19950206;

US19950457295 19950601

Abstract not available for JP 10513622 (T)
Abstract of corresponding document: W0 9624995 (A2)
A method for monitoring at least one telephony
communication n-bit channel, wherein one ofthe
bits is a parity bit, includes sampling the parity bit of
the n-bit channel. A probable bit error rate is derived
from the sampling of the parity bit. The probable bit
error rate can be compared to a pre-determined bit
error rate value to determine if the at least one
telephony communication n-bit channel is corrupted.
lfthe at least one telephony communication n-bit
channel is corrupted, the at least one telephonycommunication n-bit channel is re-allocated to an
uncorrupted and unallocated telephony
communication n-bit channel. Further, at least one
unallocated telephony communication channel can
be periodically monitored and error data
accumulated to indicate the quality thereof.

Data supplied from the espacenet database — Worldwide

htt a ://V3 .623 o acenet.c0m/ub1icationDetai1s/bib1i0?CC=JP&NR=105l3622T&KC=T&FT=D... 3/5/2010



Page 307 of 519

(19)El2FEl#$?I‘rf (J P) (12) 9} 5% 4% E4: {1} fl (A) <11>1#%4=.eImm2'§+%

¢l%%£%i10—513522
(43) ‘RE El 3|?-hlilflfii (1998) 12F] 22 El

(5l)I_r1t.C1.° F‘ I

H04L 1mo H04L lmo
H041 flu H04J HM

ww mm
I10-’1M 11/06 H0/1M 11/06

Ho4N Wm H04N Hm z
afiifisk Jkfirk flifizfifisk 7% ($ 144 H)

(21)H1E#% 4%'=E3F8-524387 (71)H:lE)\ I—¥»r —~‘/— ~frI/:1s.;L:#—~‘/a ‘J

(86) (22) fl1EEI iIZ1s1z8&E<1996) 2 H 6 El 2‘. 4 T/:I~7J5l//{:7-4' F

(35)I1a%R3'{fi1I1EI 5Z1=,E9'$(1997) SF! 6 El 7>UJ)Ufi%EI, 3*‘)? 55435, 711/

(86)ElmHE$%- PCT/US96/O1 606 —£‘/1~y, 17125 ~1:7‘/5-»r14’7\
(87)EV.z§Bfi$+%' W096/24995 1l~U—-}~ 4900

(87)fifi'.‘=.‘|3fiEl 5FJiJZ85F(1996) 8H15EI (72)%I1Bi‘ 7‘/5'~—v ‘/. 7?»r7> fir ~.
(31)E:'='a$$§E§% 0 8/3 8 4, 5 5 9 72011339531, 3*‘)? 55442, 7")

(32){§5'EE| 1995515215.! 6 ‘ '?'i?X, 74 ‘7f»{ -1 7"1x»r;< /-
(33)E5'afi$fiE 51631 (U s) 2 11430

(31)E5’:j%$§E§% 0 8/4 5 7, 2 9 5 (74)’rEEJ\ 3‘FEJn EH3 E: (511-34?.)
(32)E5'aEI 19955|56 H 1 _

(33)E5'a$E$fiE file (U s)

§X§Hl:'_fiE<

(54) Kfiflfiflfififi} E139"-1* IN!/E~‘E:571‘7.':7:‘i£

‘57’ ‘W£l>72t< E?) 1 Dmfifififin E2: I*?r’”r*)Ifl&-:‘E:.5'i‘
afifififiof.§Ew%®19mHU?4EvFTb

D,finEvF?+*»oNU?4Ev%Efi>7U> figgéigg
#?5:&E%fl.¥fi3h55EvF1§~$m§N L55
U?4EwF®#>7U>7#5$®Bh%.fi¥fiE

n5aEy51a—$m.¢n<a51om§%fi%n
Hybfv$»m:bnrmama5m&mttatm

K.¥®E®EhtEvbI5—$®EtEfi$h5
5.5L¢n<a519w%fimEnEy5+vzwm

:IbflT'«1F..':7’J: B11’. fifl>f;c< E6 1 Dméfififin 1:’

5 5=.»=«»*)w:1. :r}:2}1'C:Er?:fi‘75='3%fl%’r'CI5=f’L’Ch>:wéfifi%nEv%?v*»Kfifl%TEh6.Eu. fl7?5EEfi
wm<&%1owfi§T5hTwmm§fifi%?v$w

rb€E1JiEB4J1:=e:5'~5i'L. ::9—u”~—5'7bS«Z-o>u%E&z“<'§‘ :5—94:'m+

tmmfifiamaa. €”“W5



Page 308 of 519

5%2=§3Z10—'513622

{‘1*¥}§*I=§§Z%s7>$E 1

1. 9‘7Zc< ti, 1O0)€E?§3Ef§nt:"-y l*3‘«\*Z\Jl/EE:57@‘E>jJ“i£'C"3*)’)"C\

§Z1:“«y T~6’)1O73*‘I\"U-7*4 t“~y }~T‘%*)\

§f»2nt"~~; }"?“Jv $11/a).r\"_Jv?4 t"-v I~é”:*7‘>7“'_Jy7"5‘%$,2'?-:»7“§:.

§Z/\”')'“Ir"4 1:"-y}\c7)"7*‘/7°‘) E/7"7b>f3‘T’?*.§‘é%L5»$1:"~y }\I§-—’—9i5‘1’S}‘€E=")6,‘7\

‘iv 7"t‘/BE-fJ‘ufiTé>7:‘2‘§2o

2.&&<t%1om%fiTehfwtw%%fiE+r$wmfiL1\1&-

F—7%%fl%m%:7L%E¢&X?v7%Emfizt\fififilmfifififi

5:0

3. &‘7ZC< t ’b 10€)?é’.?£§iEfEI1 ‘t:"~.v 1*“?-\* Z\JL'75*'C:b7!‘L'Cl:‘-€a7f)‘}:“575‘§"2?%

I'E’s"E»f:‘.u5:. T’3*.;‘§«5_-"‘If”L.‘5?,wt’\:/]*I.§—3§7.*:’. T'?£’3i'9€5'Eé‘i1.7”:E‘~:»I~I:"7—$

0.7fEF:i|:$5i’<TZ.>7~'TF~:27°P:.,

15 L9"§c‘< .3: %; 1’)0)==.§‘i§3Ef§H 752"‘? l**’rv\‘7?\Ilx75":;b7s*1'Cl«‘I%:VECQCZE.

'*£C'< }; £> 10¢)?‘-.aIi$iE1§.'n t"~,v l~*I-a.»fr~rl/>5». LZ:§0Ih,‘€i51Eufi‘f7")%'Jii“CI3,u

V*ZClr\?iE*Ei:‘rEf§I11:”V l*‘f"-‘r-#-11/6:3%Ufi'Cfi‘§:Zfi"*>'7°.J; ‘EEC-Z1J'fiX'_7”:‘

IE 1 ¢:§Efis7D7?H.§\.

4. &‘7§r.*< t 25 1<>a>‘=E%iE1'§n .:"~y ]~‘f"vfi\JL/75*'T;.i'JX’L'Cl«‘~$75>E"375‘?=_>?9%

E§‘»Z:f_‘&’>u’:Z\ ?’.“.§‘§If“L”}»I’,>1:“~y l“~J1§*3Fi’¢‘*. $&>i3EEé‘?L7”c1:"-‘/}~S11§*3.'7i

f)fFfi_‘}:il:$§fi‘%/'1—7"v'7"k\

£2 LEZH t“‘v f~~7“-\“- Z"-«II/75*Zbzf’LT1«\§’73:3)62fX *‘/7\"fla%{Z13?<7)E§7'J‘i'$’ETvirL

1«\éF'E'fl. E?/LI11';"'VF3‘?7?~ll/0i){ii§EN’V—%f'é?7Jl]‘5‘%.3<”T‘~V7°t%E§0ZfJfiZ7i:

\ §fi?J?TEluDZ§E§/ioiljfifib

5. 9‘7§C<}_'%>1’J0)%§‘-I§3Ef§HE'~-7 F"-‘7"«\*?\Jl«%%—';57@‘€n)?i£’C‘J5'9'C.

§,‘§{1:"~vT~6OlO75*N“)*7‘41i'~v}\'C‘%*).

§?;nT:;"~y }--?~v7‘r~11/0)H*J~7—4 E"-:2 }~E‘*7‘>'7°')‘/7"9"Z>X“7‘~:/

7°k\

I)%>,fi.HfiaE.lG:E~-»'(§§.1\”')i”r4 1:“-y }~0)*7“/7“U ‘/7"7f2>I‘a¥;*.§l§fi”L5 EH2"-y El

‘_#7—§:7-§_‘”fl‘€<'!3)E>,7\3“r/7°t\



Page 309 of 519

(3) %i'%3Z1O—513622

§§;nT:;"-V1*J“*v7?~}I/75‘Z:bIt”L'(1:‘=%’.>75‘E'575"£'i:%E§"%7’2:<3?‘>CZ\ 36%: :HFafiL:a

o’C?*,*.§‘:$:h561:“v ]\I7—%L"E?*cV>EA7‘JI5:fLf:1:“-y l~:1:7'—$~i0)fiEkJ:t$5‘é@‘

E)/1")“-v7‘t7fJ‘13:f::E:7J‘?£o

5-3%i|:$§6s:'1b}:'J"L'x’C\ E-,%2n1:;"-v I~~)‘*Jv>?\Il/fJ*fi_>%7Zc‘»7$n1:"-:2 1~—7**r>‘r~.rl/6:

iEf§.’E”%'Ji’|'CT$.Z*§"-v7°'Z’E-5:1frfiZE>1§%?§1fi'56Z§Efi0D7fifo

7.9§<&%1o®§%fiEnE»b+v$wfi.§fi®§%fiE®nEv

b+w$wm$@Wm%&hTfi0.fi%fifi9&<&L1omflW+w$wt

l3'r§i$L'CB')\ §Et:§'?'E7§<‘%nt’~yF?‘*r>f~II«7b‘§Z%1fir’fit:fiE:EE‘i*1TL\£>1 $31’

1E6¢:§di%s7)7'7‘H§{.

8. 9‘7§C< ti; 1'35)?-E’.?.E§iEf§n‘t:"~.v 1*“?-\*7'f~1I«'75*'1’-:E§EV3?§i’E'J‘Ef3nEv 1*?

w$w®%fiWm%$nf30.§%@u¢&<t£:omWm%+$»t%§

L150.EKE?énEw%%%$wfi.m@&?<t%1OwfifiLtflm

f-v ii’-IL'%7H?‘?.-»?r'§§5t0>”§i?5Ef§n t:"~_~» l~-’rvvir\1L-03532 €)%fiC-ZEE'.E€.“z"L“CL\

En. §§>J€1}é|§6bZ€;E$,‘€C7.)J:'%£°

9. ibbéinlz“-:1 I‘?-V-?~ll/fJ*Z7I9z”L'(lA4’;:7§€w¢i‘_ ‘/7~'?—Z«fE11lK0)*=§jJE%flE

%L»‘Cb\E:E1.E21115-V1*3‘-’r*7T\JL/€)f23iiN‘7—’Ei‘I%.*)'JEI‘5“Z>.Z5“-V7°’£’¥_I5ZfJfi7L

71:‘ §fifl?TE5bZ§EEiC/)73%£°

10. fi'*~7"/l«|7’*1t:?,*.§"\‘é2"L5»Z:T:"-:1 T-313*’3r‘3’i‘§E‘E‘%T‘§"ZaX‘1'*‘:r7°’£‘EI5ZfJfifL

§Z7‘*—7'!I/6;k111:."v I\*I"‘r7‘r~II/J:<?)9l117§E(/"JiEf§.'E%'J‘:ii‘f Z)7:&’)(-21$ J§z'’L5 2%

éfiflflfi '5 nDZ§E$k.0)7fiIEo

11. E LE9/L§‘~\*>?~)1/£1‘r:2b2El'C1:‘=7Zn‘1«\7Er:f3;n5£. ’}‘7§r.‘< E. 3 1 Ga); '9E'l«\HHF'a“J

-52E/.>'CJ\“J'7"-1' 13"“: F ':’~_'**i“:/,7°')‘/7"’9"55F;t7EPf‘o

¢fi<tt1OwHmW&¥fiéh5&Evb16—$&$m51%v7t_

§ZnT:;"~y1--?‘~\’7f~}Ix75*Z2bi“L'(1:‘=Z:75‘E575"£‘i‘%E@"»Z:7’::é<?‘>C:\ §§9‘7.if< E {y

1’D€)f*J'7]l]|'3’\17';C?’3*.~.E\i‘If"L"3 Z,>t“~-/ l~J:7'—’#'iE‘{‘l'1]l]FI’\7’§c?’<V‘)i'E"?s/‘J$:z‘"L7’;E-v T~I

fi—$®EtfiW?é1fv7tEEE%Zt\%$E5EEfi®fiEo

12. ¥8I‘)Ezk?>I‘9zVL7”:T:;"-y Fl?‘-$0)fIfiéi§-'é§EiEf§*7‘—T:'16')f:2S?>'T‘JBU\ H

7Jl]H’~J7§f?&‘>E8?>15.>3’Ln:T:"~v I~I“_”7—%‘-0'7f|E¢j\ H1Jl]I‘1"~]7§??E§‘fiiEf§‘”f—t",7\C’77i:a¢‘>



Page 310 of 519

5%2=§3Z10—'513622

§§3J\‘?IE11t:§I_§0)73‘?2‘io

13. 'E§”:§3Ef§"7‘~—1:"XOJ10‘biISDN’C"Z’3?;‘ §§fl‘€i'E12L:§E'fi0)j§‘i£o

14. iBL§3/?n1:"-y I‘J*’vi\II«7§‘::b:f1’ClnE:7.§EG;EX .‘/7x-7‘.Za$'{1lK0)‘EjJ’5:r’f-“Ii

%l_.“CL'=»I£>Fa'fi. 51/Zn‘c"~v 1~'7“vv>?~1L»0)fii9éf'*'*7—E1‘§)'JEl'%fl‘%>}<7?~v7“’&5EL:fJfi

i7”:\§%3}‘€1'H11-L:§Efi€)7?i:Ec

15. §Z9‘7§C<};?~’_; 1’)&’)ffl‘7JUEl’-J7.1‘:*;‘§‘é:§’1“)f;.-'>‘t:"-y}~I5-$&:H7Jl]|5l"J7§E:]°?s?‘>

3ia¢>xa:n2*..:t:“-v T~I?i—’§.~"-C’)fIEt€)JG$§L:i5 ao"m'c. §3»2n1:"~~/ I*3‘°v>1"~JI«75>13,>

E72623 nt"~y T‘7"\”7\F\1I/’\§fif§.E‘(A§'J5'C’9"E2X7"V7DE‘ECZffi7L7'C\ Efiéflilfi

Hfififlflfifin

16- 9‘7§L‘< t ’£> 1’J€)'£3fiiEEI1 2"‘? F7‘-\” Z'\Jl«'€’%-1$7@L1$jJ“2£’C"%’)”C\

§§7Z"\:/ T*6’)1")73‘V‘\°‘,J’7‘4 11° ‘:1 1* TE?) 0 .

§§?l0'.7ffHfi17bZE’>'C§§fi t°\'/ l‘€“4.°-7I"~7l/0.7,/'\"‘,J7‘ + E“?! T"i'*7“/.7‘°'J ‘/7“’§L€w

:Hl‘F‘fi6ZflEwéZ/"§".J%‘“ 4 E-7 I\(/".)"7“‘/.'J°'J ‘/7'7'P1Eu1"’3'.‘§'\§?L,5 Ewt"~.v f~

-"Z'fl??f)%:X5-‘"/7°93.

3-Jr>‘r~11/1Ew*U:2kw}1'C1r=Z575=k"'3 73P’é’:?:%?E‘§’%:7*.:?s?‘>CZ§§?5.1 6’);HF'aEJCZ

E’.>'CC".)§£7’,4LF!€_‘i’Lj'Z>l:"\;' 1\_'E3'—§5f~_"17e’s?>'n':-’8s?)I5.fLfl:‘C"~y I~I5—$6")1’IEt

ttfi’9"Z>7\-}‘*~~/7°.l;\

%: L§§nt‘“v f~-7“-vfi‘~1I/75*:fo2f’LTL\73:L\&B¢i‘\ 1*§'§F.0Di2$fi’9"%J31HFt'fJI'aZE-0

'C'T',4.‘El€§fl'3 Z91-;"-V l~l'7—$%%F§."€1‘»'$.3<7'~>r,7°ti5_*fE:i7C:7fEE.,

17. §é;nt:"~y F6‘-JrH’~JL/755'.:io:h.'C1nE)7‘J=E57EP%_>€?%fiifi‘Z;.7‘:?sI‘Jb:\ éfiiiiififi‘

Z.>,H.H|E:'aEHZE-2’C7D§Z%Eé32"Lf:¥?£i5i?L5 %»E~y I‘-I3'—37'£’i‘\ 9‘7§r< ti; 1’)

7)H7]flFI’J7Tr:f’2¢)'7E?i’5%fLf:E‘~v }\I.‘/'—%‘:UJfIfi.<‘_'J:t$5'é©"&.7<*T‘~v 7”i’,E§¢:fI’fiZ7‘:

§%3}§’IE16nD:§EfiO)7Ii£o

18. b L§ZnE'-:1 l“_‘f‘*’f’?"f\}l/7'J'3'C7§’)i1,"Cl4\Z07;1:>Uf‘\ §§r1E'~~/ I~7"*¢v»'i'~!IxiJ'*I3>

mfiEE%2mnEyh+&$wc”%fiT¢%z%v7EEmfizt\%ifi

17\'/C§L.§Efi5’)7'2l—%£o

W.ELfinEvF??$wfi:bhTw%E%H.&X?A£W®§fiEfl



Page 311 of 519

('5) %i'%3Z1O—513622

1%L/(uu3Fa'fi\ E;/int"-y }~ —.1~v:‘r~2L»a)f:;i‘£/\°"7—2=‘:iE)'Jni-*61%-:»7”7$:EL:fifii

t\%iENm fimfiE°

M.§$wEm8flhEv%I3—$®@fi$%fi%fi—E2t%ELfB0

. ::E7Z:§?%f¥‘7Z£‘< 3: ‘$1’D<7)'f=HJl1El4J7Zc‘7'8¢>E&’>I5iL7::‘t:'-y l‘I?—3I‘0)fiEli. #724‘

<tE10wHm%%%fifi%fi—E1t%fiLfné\%ifiwmEfl®fiE

E.fififi£Efi—EXm10fiMWT%5\fififimfififimfifio

22. 151,53/int-_"-:rF%Jrfi~1I«~75‘::b:f1'C1n%.7.kEci\ £3/Zn1;“~yFiF°v>?~,rI«7E2>fi;

f%2U3nE1"“/}"7”’\’7?\1I/LCiEf§7i’T=E%'J£lf'5_?9?17T"?I7"§Ef;Zflfi.i7IZ\ §§fl‘2IE.1e

Kifimfifio

23. £>L/E2:-n1:“~.-II~€~-=vir~;L»75<c:;i>:»11.'cwzaixtzci‘.>1$~A£i2I:a>€'.EJJ=2%&

%L.'tu%~Fn‘fi. §§n1:“~:»b%I~s».fi*~2L»a)fi3§Nr7—E~a‘%;'Jn'a‘»E.»X?-:»7°7:»Eu::fJfiz

in §§fli*1E16¢:% ifiaujiifio

24. £1/“i'C< rt £>1’)(/".J‘€'-é'$iE1é'.'n Ev: l~‘)"'k’fi\Il/’&5E.'—‘.f37fi'»Z-}J"('£‘?f"rF)’>‘C.

§Z1:‘“VI*6’)1’Jfl:.W\"U5“»rE‘~Vl*'C'£B*).

§9Lnt"~-/ T~~';“Jv-?~}L/J)/‘i“J€*4 E"-v I\f~_"*i“/'?J'“')L/7"‘9"6.X-7*->= TE \

wl®flfiBg0f§NU?%EvFEVV7UV7?&Zt@%$fi§fl5

5$t"v T\IJ—‘.?—3Ii’&>J€2>?)%'/'1€*\7L7’.’:\

§§H t“~~/ }~7“-v>1"'~1L'fJ*‘Z:b:§“L’C1:‘=%:f,PE5fJ=’<§¥J‘{E?‘%J7*:?s?‘>CZ. §§’§§1 v”)1iHF'H‘1

KEa€m$E§ni%Ev%I3—$%%1m$m%m5htEvbI5—$

fl,1fIEtI|:$§fi‘6.Z-T"-v ft \

a2w$fiugo<§Nu%+Ey+@vy7uy¢¢;:ame%ména

Z>1:"~v T~I.'?—$'i’3}?.8¢)$.7<*T‘~~/ 7”'C"2E><>'C_ §§%¥2U)HHF'E?ICi§,’/A331 VJHFIFHEI.-I: 0

.§:< °é:f’L“Cw“C§Zfi§1€)=HF'a'1t|EJH¥‘r-!::$%Jfl§"Z.> %>0)t .

?;n Ev T~‘i‘vv>T~1I/fJ"*"C2‘9z"l.'L' |:\Ea7'J'*E '3 fJ'J£’17F%E'.3‘?o f’;2sbC:§?Z§I§J26'),=FIl='a'7C:‘

E’.v"C§Z‘T":*.§3:‘i”L5-Eat"-y I*.7:?~—*—°‘r~—"i’§|’E‘}2\7):I"8$?‘)E??)I3Ii’17*:1:"-:1 }\:1:'7'—’—%50')

f|fitJ:|:fi‘s3‘E>:7\-7‘-:I7°tZi'ffifii7":7'fi5Eo

%.ELfinEvF??iwfi:bhTw§HflH.finEv%%%$wflB



Page 312 of 519

(6) %i'%3Z1O—513622

5I5:26')nE:"-y }~-7“?$11/L:iEf§’5:fi§'J§'C3‘Z$2-7‘v7"’5:Eb:ffi.if:\ §§3}§’IE24

t'«Z§Efl0')3?‘I£Q

26.15 L§37<n1:"-:/ f*'7"vfi\II«75“:7bz‘1‘(ln2‘1.6;‘i‘\ "/X'7‘l»j¢.fZ1¥0)5'3jJ??_*¥1ia‘”%"rL

“C1/Iéf>Fe'fi\§§Znt"-:1 F+»r fi~2I«oU1i;'%g.r\'r/—%:f§1Ju.§*-i*t%.):<7?~y7'z»’_~,%¢;fJfi2_7::

§%fl?1'H24GZ§E'$§i0)73§fo

27. "7"—7"IL/|7’fltZ§§$;*.§‘:‘I:”L5 as E-v }~:§—$?_~§M§@‘%>1--'f-y7“z:’EL:ff‘+fi

fif—7wmaEwb+v$w:mfi$m@E%%£f5tmmfimén5

E: . §%fl§71E24b:§E§€))':‘?£o

28. f¥‘7Zc< 3: '15 1 ’30)%|Ji’|’CE>I?L'C1«'I7§a‘b'!€3é’?%iE1§*3'*Jr>?~iI/Ea”:=E:57'sf3§>7§%3E

'C‘%’:’C\

‘-< t i; 1 0a)'éf'J%i"~f £311.? 1«\7;‘cl«\?'-Eifiifififi--\~ »'i'~.rL/=£'JfiPZflEI‘J¢:=&:,’y'@‘

€25/‘€C<t£>1’JCT)%'Jii‘?IE>2”L,'?f1«\7Z.Cl«!'§'-u€Z%iE1é£*I'*v7i'~.II/(«Z$'TJ‘E1"Ew£J£-5—'7"—

fi?E§‘.£i~1*E*9“%,;<%~:r7°a.

§Z’,J/‘7§r.‘< ti, 1Oc7)%'J%i7f82f1.’CL1G:ln‘%§I§iE1§?-=v7?~1l/é.§§I3—5‘—§‘

.iBt’.>"b\'C\ %IJ%"Cr5hZ;.m%_>§*F%£fi“>:).:<7~v7“a:bw57:c»E.7323H

29. :bi‘1”L7’:%§’}§)Ef§*T‘Y‘-\’Z"~JL-75>I3). 9"’§?< ti; 1’)€)%'J%"f%fL’<.’L\7.§:L\

=%EiE{§.'fi‘~v7‘r~r1/t::\ '5'-E'%fif§.Efi%'JiLi‘f’<)"%')“\5*v'7°’5:Eb::ffiZf:. §§>JEIH28

zéafiwfiiio

30. ’}‘7:r< ti; 1Od)%U%i'Cf3;i§1'C1«\7§r?W%i§E§iEf§€r“’v7?w‘l/25_’J¥lHHE‘H':¥EZ-9'

j_"§)7J_L'3.'C"'3"‘)’.>'C-\

]§FIE®l3{§1§75‘5\ ¥§§f:1:“vI~-a)1o7b*NUi-141:‘-yr-’C'aF;z)nE‘~u+~03f§%

’i’i£f§’<a"%.X”7"-v7°t_

I175"?}'?‘~\’4’~/‘L-0)N')“?‘»f7:5"7 hi-*2‘>'7°U>/7'©“»:);<:?~y7’::\

32+)"/7‘Uy7"éz‘1f;N‘J%41:‘-:;b7J=r5%7¢Eéz%152s1:‘-vki=&—%si»flEesb

$1fwTaE%U\%$fi%%fimfiEu

31. §'J;i'C15:24.‘?L\7:cb\J~-vir»JI/75*/f'7—§"*? ‘/é2VL7”:§|J¥“CJ~vfi~1L»Tf‘2I5/Z»

7:T?:§‘C"&5’JT.



Page 313 of 519

(7) %i'%3Z1O—513622

§2—7~».»z‘~,rI/75i‘%:&é:?-.5 /$4: 5 ta‘ §IJ;1“Cfi;zn“(~.':7;:w-7w» z‘~11/Lcbiifiou

'ffirE"C“i§|3r?1s7)T~‘7'L/XE ~y5~:»1\“'7—’r ~y7°’9'“»?.u27"*~~;7“: \

§Z'7‘*.*5?~IIx7f1“E:7§fL7fi:f§T‘§Z3§Fr§6‘)}~§'>’X E -y 9 z»2\°'7—§"r7>'a‘?o:<

"t §‘_'sJ.1'o;*e.‘~‘vtx, §§fl‘zIE2sc;§d§kmj3??2o

§Z3"r’Z‘w‘I/7‘fi‘C7f’):?’L’7fl.-1»§a75‘.’:"'375‘3_’HE}f3‘-§>F’Z:E¢)LZ\ —T*,*.L!‘é:f’L*3 &1:“~y

}~I§—$£~¥>»«i>:iai>f9:?J;I:’-y }~::9—$attfi@‘%»:<-?-y7°?:E§o:-ffiz7*:\

§Jfi=j=<‘l.E.28D:§i|$fi7)j:T§?§o

33. &‘7§C< k =5 1’D0)§U§"C15I?L”Cb\7.§?b‘§-§.?§3E1§3"’r?\lI/ff‘

@fi®fl§T6hfH&w£fifiE%#$»m1OT%U\9?<tEfi%fi®

ii'J”:"C £‘;.:f'1.’Cm7Z:W?'-T3§fiiEfE*.’r-\~ Ii'~.IL'7'3*‘=E:,’>'f§2I1Z,a7f:‘iEZ“EF>*>'C.. Z654: *5 7;‘

T::,’7',J:/7“b:%J:’)“L\“C»’/J‘iC< >;£.F:Z%>§5E~7D%'Ji’|“C ¢,wi1.’Cb1§cb‘=-?’*J<>—=?~.?l«0'D:FE:

-EE5‘/7f*fH?“»Z;:<:7”r~~x7°?_'.*ér.‘3;“. §§fl‘€IE28C:§E§0)73‘{/Kc

34. éZf'3"/7H‘O‘f"9"Ew1'7*xv_'J°¢i. T%?:fi':"E”~7.J*I‘Jv7‘f~I1/’.»Z*Z{9>‘»'{/f*I‘JriII/J;

L’C:b§ 0:4: -7 f~’9"»§J Z & Efiflk §§fll7I,E{33D:§'E'.fi€)7f?'IEo



Page 314 of 519

5%2=§3Z10—'513622

{%%®fiflfififi}

@%%%$wEE:5¢éfE

%%®fifi

$%%H—%muHflE&1%Am%Et%L\%u$%%HflE%%$wm

E:7U77m%?éo

fifiwfifi

fifi\%EtEV$1TEH§h%20mfifiV—EXKHfDEVaVXH

E?jv—EXE;U$%fi—E1%%Uofl@%fifi~E1md?§7w?—

.’9$7»".'J‘£§.é:’.5"7":)~‘ Chéit Léi‘I_,6f‘£?%”‘i'~—t:‘:<b:¥%ii%f€§?L:'::=E'FAEfiL'x'Ci5E.|3‘Z'5

héo CZ’C‘€)?3fi(Zi’TJ‘iI“E.a3“"‘§'C0‘)fi§?Za§|Ffi-516$. EE’?:Iu?“7‘—T:'U7x}:'.'r"'*'/"§lI«'

?—?EEfi—EZE%Uo

%fitE?fiW%E%®%fifiE?0TBU.LtfiwT%%tE?fi®%$

'7 }~‘7—i76i¥'E7§f%J§£‘¢§Jr75‘7iEi‘i?LE:o fZflJ:i6i@ ’£%§‘f§$E6i\ 1:."'?"7l'f§*::*'¢:3H“9‘Z.-J

%1fi|lI.%}:fl:EEL1f:};'§. l’t$§|3J‘J5EE1r"%1fi§’|J_?7§fl'EJo -3102. 3'-.eI$f§.'1“a—'¢if£EJfiJJ);%§i

T%&®BfiL\m%E$E¥fiE%m5Whl0%H#rU7H%fiTEE§

z‘1%L.f;ffi<>’C'%§E’afz‘:ii7‘r~~y b‘7—7cek7r—:f4 '7r}%J:‘J‘x‘%%5I’C'§}Jf’E‘<7“%£l:$<,“eEI’~J5Eé

W%fi@VX?AT®U\ZwVX?AflfifiE%M§fifiv72#BWT?%

hDflt74¥m;afE§t#~E1¢&oflfi\7~7w%VEJa>fi~

EXfifi%fiT%0\%$@fi$EEHE%fl@?VE§aV§E%&WfiL5

%E%EEfi¢%twfiEu®wfifi#rU7fi%fimEfi%MUo7—7w%

1/1:"/'3 ‘/3/.X*T‘.£aX0i I.-;"”.T"‘7]"'7‘~—1::‘_X6iE1l3§“éEI4J6:6;k%-{Iii/?%’EX€iE'§7?~.3<’\

®>—wFéflt7—7wfi~E1%fi%ELf7—7w%LEVa7%%

o(%m§fl%U

%fiRUE¥fi%~E1%$‘®$vr7—7Kfl%€&1o®fiAw\“%

iE1§-/Twu I~'7—7" tfifi-$5 Baiancerxmfilélilfiéfr 4,97T.593%'c-:§Efl‘é11"Cw

EuBmmmmfi$%%mEE§mt%mEfi¢é%fi%%fiEfi#Efi§hf

wéo%Emflm7r4N—Kmwf%fi%§EmE3EEEL\zmfifium

<O#®@WW7v4N—€fi~ExT%fififim/fimxfvw&miof&



Page 315 of 519

(9) %i'%3Z1O—513622

Tfi%§fl%o§ivP7—7fifiEfi$Wfi%EfiLT\FV9w%fi?—9

fi§WflB¢%%iTfiE§fl%®E%§¢5°EKBMmmfiHM%fiWEfi

?§7w§§%fiLT§$vF7—7K\7—7W?bE§aV®l5fi#—E

/‘<Z5_'7J[I7T_»If>7::8€)¢:7F'JJ51'?§iLT3%$C}:§H%l_."Cb'=¥f>o

James :\.Chiddixt David M.PangracGZJ2 6 “7 '2’ 4' f\'‘— ‘‘/\‘'*v 7 7i‘3"— ix“ : SE

m%m&#—7ww$vb7—77—¥?7¢+Kfifi&%%"tfifiémwm

MM?7iflwN—NKH,M%7UvF%7?/N\/@W7—TW%DEV

ay(mW)yz%A®7—#?7+#mowfE§§hfw&o§7—#?7

+»M%#mfl%mw$vhv—7Tfifl¢éo§?—%%7+»M%#mmw

{IJ‘EE'.*‘x,Z',T*.£\O:2‘5O‘T4En4\~7 FIyI<'::aw3w<’J75*0)74—Frr»“-1>'1w\6')E§%EI’J

%7r4N—fi%mfifi2%wo

“%fiEEfi%y&fiwnmWfimiwb7—7”aE¢%Pmmmufi¢5

%E%fi%5ABJw%KH‘NvFIVF#Q@fi®Mfi%K®K%fi§E?

v%wMWE%WfiEKfi?%MW%vF7—7K0wf£fi§flTME°NV

l<'I‘/Fb::r5HZ;»?é$%fJ>¢)i'uf’\0)l~§:/XE~y§7$5:J;U77*»fN-—/—FnL::¥567‘

%fi'é75I*%‘€'7’?"U\0'Dl/~‘/~—f‘iW5"i. B§%i?a,\‘zCATV‘3.§Z>"T.f§7:7'-5Z§TJ”fi'fi‘T%i'fif§%’£’¥Efi‘f§+i'

fJ"J’§f§‘§‘»Zao j[lf7T”f/'§"/"]““\75“‘:.>0)'5J\fiEi3.L\ |fi$EE§‘*7"}L-<7)ffiJi5*f>’0Z

‘i’:}’)‘C'£fif§.'7':7—"£’i£1§."©"E>CtL::l~>'“C€'%I5fL»Z)¢§Z&)1'7".£»6;h '9"f§"Cs7)X6i

—%|3€)LT%ifiCATVf§%’i'17J'5’§’-7'4: *0/J\‘§1r\JfiJ‘4E§5E%El_lbZ7”E' ~~/ 7§fi‘5i@‘»§:

T:t¢:J:<w’C. iiféis:fI7*.:Jis%i%iiS2CATVf§%mZ,*‘d‘¥A%iJiE9‘€§’ci'%., “§‘fi?)'£fi3i'7

/f V"f3_"{93'JEfiL'7'CCATV§"]\'EE»?“)’ 1\*}—7" &§'=lTfi‘»E) Pidgeonb:§f\]”fi‘%:F5EIi$iK5f#§‘F

315: 5,262,883~':7"L:diL—E5.¢:Z»"sw"‘¥,<’&iJ3Z9‘§‘E"{»5/-Zfiilat-:Ob\’C§E§§1“L7.’LWZJO

|“.ifi€)5i$/'?~-vF’/~—7éif'\»f7") -:2Ffi'fi7'f‘/1’N-/‘Tl?’-v7.Z‘7’—$'T‘7’)‘

v\”i‘%U\ E?/27)7—5€'“?‘7'3-~\’£:E-9'(f5¢‘n*fi‘ti'5"7Tf§%%iZf§@‘»EI>Ztbzfiffl”

‘_3‘%$§’4 031%/a\EH_<L'C lAZ>¢ Lb‘LCi“L$>0Dfé‘5..af5|l0)b\"?Vi’LCZ%J$?r§3Ef§bZ§Ff

¢&n1Fw@#a&m7u¥&7w&fi@&x%Amomrfifi§mtufim

Qm<o#®fiEu\##éfiE>1?AmfimfE€®§®T%éo

1om@m5fiEm\@mén5%mmfi%£<anm%mm@mz¢u;5



Page 316 of 519

(10) %§3Z10—513622

£3 E 3‘/;<.~“I‘f— }~'-7"'—9L:,‘»*fl”L'ff§J E‘fL%>%fiFIIE’5:fiifi*ftfi‘E>dZ-¥’f5lE'?‘3?>Z>0

%1fi§TFE0'J%f*:¢;K fiififl0JiEf§C:Bt«'\'C¢f$G:fi¥'C‘3?>VJ\ €:€:'C“L.i‘fiF|?6'):L:;~y

}~¢:2lz3?:%’r<0’)}~§‘/:<EA;«775‘X §'J$1T5)Z’L7":%jfi'f1§7L"fii§Clf=i5LZiV§J7l5§

%L7;fc3—j’I—6i‘7:Efi.)7::k‘-"0

%2wfifiuv1%Am£fi%fiE%UgfiE&z%Au¥~ymbfiy2£

—FKfiLfiE®1:v%EfimfJw6h%§flEfi$K¢N$T%é3%®

EHH‘E%EKfiLT§@m1:vFTflmén%%fiH~&XfAmmEX

7'-“47’o:Eo’Cfi:‘EE§:f/LE>%E3‘Jc:J:/2'Cf§‘%¥é.‘é<:?L5E.:7E2>$1“%E>o

%‘—./?a>%$a’~L:%)EEE§i'a¥:%L>::c~}21c;F‘7:<~é)>::L'xo I79-’.-%|$$>’=l:fJ~"5'l~¥-filid)-I-'?»,9H:_1tiEf§

flflE€fiF§fi%oW%+$fi&X?AEflfiTF

fit/Z21‘?-I‘é‘2¥’l.%u5‘—5?f§%0Dfi:EJ-I-ZTiE‘<TZ.wo '9”Qc‘.bE>,\iE0)iEf§',J ‘/702E

’2’CI*5‘/Xri‘»“—I~i’~z"LZ-:'."r"—5’1§*'%'6i. 7cA‘L150)finEI’C“3F17»}§¥;%E§€L\ '7"'—57O)

%$'l:*E’&f£E"F§’é7;:° 5’I~%l3f¥€fé’r:‘7JEfJ>I3;0T)/f ‘/’/’I/1*b$?”:‘i""~—9ff:3£<f_)%$'I€EL:

%3§5’i'L"L6i"fi‘o fifiiflié ->1"~ "1 I~ ‘7-— 76i5'fv€.‘Efi*£.-‘h’a‘é'JE6ZJ: “J ’C’¢“3$i‘i“L»;’-»HAM?!€E?%§E

€33: '37§r:“,//1’.7;"'c7)%3%i’§ZC"T%L'x\., :0}; '3Zn‘,//f.2IGekF'aEJKEI*J’C'E':fiJ§75‘E1lj

L.-fiE:0’)'C“\ ~‘/.7\—T".£a0ZE<>'C5“'—5":’=_"F§'7.2$“—I\‘5‘Zn73?zE6iIZ7r?E'C‘i7*:.:

7351: ’)7§:*f >’7"1/X<7)#E’£’EC‘T»Z:*\'%'Z“£F)»Z:0

CfL£5(f)fififi2‘<3lUV%(/“)fiflL:’)L'=‘(6i\ %f~’f)T%7b\iE1§.'>1'7‘Jlx(-2Z?TJ‘fl'Z>d%E'I€E

EH_<‘§‘U.‘Fs7D§Efi/‘P5)HH €>73*5:7'.§CIZ-:T‘ZF)") 5 0

¥E“Hd)1H¥

§>i’~]“l6’)iEf§“/.X7*.ZaLZ1%J6OFE“H'£0C)l«\<075*%_>EEI§Z Lt‘ 5%!-Z/f ‘/7"1x.7.d:

F9'§L'(EE.J§IL7C'7‘*\’ fi'~1l/E25") >"7"0')1'EJ5FJD:’)b\’C§E37¢éi”L€>o $-3‘”EHHv”)EIl

?7T§f€i. 1‘tE,3§”E1:"'tr F0) 1'37?"/\”'}“?‘4 E“; }\'C"‘¢?3.5'Té§fii:f.§.nI:"-\/ F9“—‘r7?~)l/

§E:?¢&o§nEv%?%$w®NU?4EvFdfiVTU>7éfl\3”

U?4Ev%®fi>TU7f#B¥fiéfl5%EvFI5—$fifiw%h%q

1%fiWTH\%éflEEE%§?fi§fl5éEvF:é—$fi,finEv%

-7*-vZ‘~1L«753':z’12f')'(L\%>75>t"575>E'i?%ET5‘%>f:-5?’>¢:\ nE'fiIJ\t"-y Fl?‘-$?:i'%fi‘

?&<?)Eé¢)5_>:?l7€:t."-:r l*Zl:7—3F0D1IE.E J:t$5L€i§3‘L?po :fib2h.7i:5‘~\°7i'\Il/6.:kfi%'Jé’I“C



Page 317 of 519

(11) %§3Z10—513622

éna évbx XcifI430)%13fifr‘flJ'C*ci\ ~E-0)fifii§'é%_»fiH[M‘za7”;&>b:§ZJ~vfi~1I«cOf3i%

1\“'7—7D"i§,7J[Iéz¥15 $9

E'I€)j§Es?>%1J“1‘Ef91J'C"di. fifiiiicix %16‘>§i.fiF'a'i6:E—:’C§§n1:“-:2}~fiw»fr~,rI/0')

-H".}f‘4t"~v}‘¥:*I"V7“UV7"5‘?f>,Z7T‘~v7"}:\ 3-,’/2f%103EHF:7C:fi'?/.>—7‘\"_)7‘4E‘

~y I~€)*f:/7”‘) ‘/7"1b>f‘9—T';*.§i$fL5 ét“

-v I~I€?—==’§~='-*‘¢‘*fl"Z£v‘)5,Zfi‘~::7°k,\ a:EfiF'aEJc:E?;§?»Z?«*§.éz‘15 gab‘-v %I

~§—$>im§3x§n1-_"-:1 b7’~r:?~;L»75%‘::b21'Cw2.«.z5nE‘575>7&i}%Ea‘&r;e:i>L:$esz‘>E

¥)fi_>%LfZ: Ev }\:::_3—$(73f|’5!—'r.H:$§?'§'?£>17‘~v7“§: \ it L§3'/In1:"-:/ ]"7‘*r5r~1l/73*‘

:>b2"L“C'n7.:EO‘Ii1€:‘C’FE§5t0)i§fi@“éEflF'e7L:fl’>'C??‘.§i‘2?l5 61:"-:2 l~:1§—"%7-E’

-f‘r<ffi’§‘Ev7\'7“:IT2’°};’:”37ZI3Z§_Zwo

E§0Zf1{_‘.5’37'T?1§73%F1if?i'JT"'5ZLL..égjiiiffii .311 E ‘:1 F5‘)? -7? 11/03)? [J ‘T 1’ 1:“ ‘V T‘

EVV7U77¢%X?v7t\%1®fifiKE&§NU?4Ew}®#V7U

‘/‘7'7’;I‘iZw1":“'.~.“\§2?L,fiEut"~,v f~'.‘J;?—$’¢‘*>J€<3?‘_3»I$>"\5'“\:I'.'J°&’i’%’Zc‘ZLEw° #233167.)

1‘IHFfi:“J¢Z:%J§2af“.*E‘\i‘2'“L5 FE» l:“~y l~l§—E%“é6i. éin 1:“-7 I‘?-v-1"’-IL-'ffi:foz"L'€b\

%75‘E'3fi=é"HE‘,fE’9“%f:_'?s?‘)L:. %1€)??s?‘)fi'§r3?>E2§17”:L"~~/ }*I”7~—$0)fE&H:$§

é§:f?.»Z:o fi‘52d)Ji.HF'a“I(‘Z:En!\"‘)€‘-f Ev ]~d1*J“‘/?7"')‘/7"75‘I‘o”T*E§fr?.'3E)E'v

bI3~$§fib%fléo§%2®fifid§%1®fi%i0E<\#0fi%t&

iflj-$0 §Znt"~y F‘)-A»7?~,JI/-ffi::biL‘“Cb!»Z)7IJ=z‘:‘575‘%fJr£i:‘§fi‘/Z;.7’:2s?)&:\ 52%?-52

€)1iHF£u‘JbZE%»1‘.*.Eli‘If“L5 Enlfv l~l§—‘E%3ffi. §F'—32€)fl‘&‘>E?s?>v3i’Lf: Ev $313

—$w@ammén5“

EKM®§%%HME5UTfi\9?<t%lO@%§T8fiTM?M%%£

E%riw&E:9¢%fiEM.9&<t%1O®%%T6hfw&M%%EE

%«$w&fi%WK£:&?%::&%UU%9&<kL10w%%T%nfw

&h%fiEE?%$wEH?éI§—F—7fl%E§fl_fi9?<tB10®%

fifi%flTw&m¥%fiE4v$wmfiI%—F—7t&tdM1%£f8n%

2lfi€)F§%fii7:t§§EFH



Page 318 of 519

(12) %§3Z10—513622

fl1w:_1»47LJyF:7r41<—/“:7’v7;zfiEfl$v}~7—r7E Jwz5$%

HHL:¢tZ.>iEf§~‘/7\a'*.A0)7“\:r~y7Efii-Z

E2d\E1®yX?A®fl®%mWT%%o

'-3-ii‘ 1 9)~‘/X7".£x6’31~5‘/,2 S -v¥7a5SJ:U'I./&—.IH:%55$!_.f::7I1,7.T"?

:‘2’571L«fEffi3|*€(HDT)c')§$Fi’:H17fr7“1‘r -y 7E"-1"?) & 9

4c:_ E3€)|a'r35§L7”.:}‘7‘/13-v9ZJ':SJ:U'1/&'-N0’)7"'C!-2/7'?'J7)E>o

Edi‘ 1 73$/X7"*£u5’J,7"fi5J‘EE/-—F0D7’EI~~/7"C‘??>E><.

66$‘ I3 1 €)d‘~—-5%"?-?"7‘~T:"X:r_:~7 T‘ (HISU) XC;i"~?}L/3"§'%%“T—1:"/“Q

l:vF(M%)@l5?\fi%fi—E1i:vF(1%)®#fiWfi7Dv7

TA. 71%, 7C€i.5!3€)HDTLZ7f'JF5Ji5i1.Ew§‘—5771»—A1‘§i‘fii5J:U“7

L—AyV+uy7éfi¢°

80:, l23a>::_7~~/7;:-2;<57~:L;~y1~ -(CXMLI) o)::7~~/72:»/<§7—7J

— F‘ (CXMC) V)*$H'*J7;c‘.7"E!‘>/7IX|"C'(E‘)Zw e

M9AM.E1®&1%LEfiH%%fib y2£—bmfifé%1®hfiy

.z:]‘x”-—T*%7tiE'?5|Ju5:§!‘-J“€}“»$.7\’\°7 }\JL/%'J%i’Cé’7T<‘d‘\.,

9 B6:\ QA_‘/lE§1%bZ$FJ”’9“»Za7~yt‘;/7"%_"f<’9"a

E9c@.mmEfitfi¢é7vEvfB%%fo

9D6i‘ >'( 9Ac7)1’\'L7 T\II/%'J%'I'“CLZ§«"T’<)"E)"7"7‘»'i“/F5<§:H<T3"°

Mmu.B1®>2%Am%1®b§yx£—b%mflKfi¢éwmmv2§

-—3‘7":v?.XJ?'—F|fMCC)TV){:T:ii‘7"—¢‘F5"93“*r0U7'DV7'C'EF>Z.>\—,

HUM‘E1m&x%Aw%1mb5yxfi—h%flMKfi¢émmm:7v

71b37x£—h1:v%(ww)T0v&—N7—#%7%w®7mv7w

'C3?)5.\

Mum.W1m&2%¢w%1m%ay1£—b%fiWmfi?%mwm3Tv

71$—hE§;—w(MW)TDh9—N7—¥%7++m7Wv7HT%é

nmwmT0v>—n7—%?7%wt%fiLtmm:0fiE7—



Page 319 of 519

5?-7‘?-7”.»-:7)

HMd\B

3€"1“7-7”.»-9)

nmm\E

fi'*73‘4.~6')7"

flmfl_E

—FT%59

Hflmxfi

7\:r—+*r—

Hwmxfl

:%¢—Fm

nwm.E

2063:‘

5%2=§3Z10—'513622

7Dv7flT%éo

M®wWTOb&—N?—%%7%wt%fiLtmw:0fiE7—

7"\Z' ':I 7'C“%E2o

1Mmwh0Efi7—%%7%rt%ELkMwLOuy—H7—#

I‘!-y7"C"?>/E>c

1®v1?A?fim§méfi%Whmw—7w—+>07m—+w

1®= ?ATfifi§n5r5v#V7%mw—7¢%w—+ym‘X

%?%éo

1MmwL0uy—H7—#?7%rm%m74w&Hy7®77

fiéfifio

mmv7:%1—Fm%®—%%fiET%éQ

1wmmL0L&—N7—#?7+rm%y7ux74w§fi&$

J;U<‘FFTcf::f\:r~>z 7|XIf"k?)IZ“:¢

IZIZIM.

'>'7’C“EF‘>é

fl22A6i\

U7\fifi.

22136:.

«*\--\v ‘)7’. flit?

EBM.%

kfifiéflfl

|.7lZ4€;t _

F%flW®X

W%fi.H

7""‘Ja7"—-”‘r";"‘

266: _ E

E71‘l\7—5?

m®%y7u274w&%fib;UNw®§m7¢w5fifi®7n

E1mr5yxfi—b%%MmT0by—N7—#%7%vm#v

94EV7fi$7Dv7®7Dv7HT®éo

%1mh5y1fi—b%mWmMm:0v>—N?—%%7%+m

Wlfifi 574 E77“. ‘FH:é.E.7“D‘y7‘7)7“U‘y7Elf“(:F)?3-Jo

1wk3>'_X:I<’~l\%E1i'1£f3flJJ)1/&—N‘7’-3?7“73‘*v

'fZ?3*f*7“§3Uf'l3C’D7"\3‘-:I7'?“EF)Z.>o

lflii/'.3<*7‘JaE::3‘/jC“T$ }\'?7‘/X71‘~“—}\u5;’f\’~T‘,¢3‘Z>¥2d)}~'7‘/,Z.I1‘~"-—

’\°7 f~}1/%'J%iT'f*EF)/;':<,

1@&X%A®%2®Ffi>X£—F%fiWEW?%wmmmHi

76--\~67)7"1‘!~>':7§l'C“%7é9

1®v1?Am%2®r§>1£—b%mWKfi¢émwmmA%

7"".73"~’v0)7"E!~-/_7'C"&F>?.>e



Page 320 of 519

(14) %.§§3Z10—513622

%®mA%%¥A7—#?7¢+®EFA®7uy7ET%%o

17)&‘Xfi‘ia‘7i"J5Hlr\B2‘1E>3‘“\*7T\II/E3170Z3FJL?$7'\Z!-77li"C“?>

E) 0

29A, 2915, 2906:. >‘:2:w>«i-4.»#~xw&:572I/—5~>a315—E:57%IH:*c:

§FJ‘@“Zo7rr—‘i‘Jr—l~'C"%»E>..

29D(-i\ 5(Z9BC:fiTi‘1E.>F;"J0’)71:'—-7*-\*—}~'C‘I)E>.)

HWH\E%®%#$wE:7W—+VmNv7VfiWyF%:7%fiKN¢

E>7\:I—fJr—T~’C‘3‘r3%-'20

flMM\Emm+&$w%:&w—+>mNv7?w7%ficH¢%7u—f

--v—I~’C"38éo

Hfi&%flW®fifl&fiW

fiEyX%A om $%%®E1K%fi;5m.M%7UvF77%H—-

|?.|$EE (H F C) fiffitfi’-~7 F‘7—? 1 1 J;’C‘§.@.RZJ"'f:""/"7‘r~X%%E‘3Ef§“‘7‘—EX?

T7"E'1¥E'9"%7*:ér/50:33}; L‘?.’é§§’r§3”L,i":'.?’7*E1'.'J°5v l~.7vr~—1vE';F3E»° ‘/21")"-Z:

10;’/at‘ %i§’i§'?’1:"'TF”7I"'7“—l:“10)ifé1§'E0Zt ’)’Cfflfi1‘1’*_.‘I5I’~]€«ZE§?}J7'.§E7°5~*/ 1* 72*-—.Za

‘€§E"‘T—E'.2€iT§¥—.i§E’JZ3r:’€§EE_ :1yt:’:.~—7*7‘—$’EtZJV/X6ek*?"l/,>< 1*

')é_'*’§.'Ua }JElz‘_'C\ 2153/.7‘-,T*.£»C;HiE0’,)7J[lJK9éLZYJ‘ L»'Cifi{T?fi‘%-EH

fi¥;c*T—t“1b;:iEIrS@'Za7’:es*>cU'71/569771/-7“?vI~7ar—1vt';5»Z:°

1\»f7“U~v l~"77/f/\"—-|fiJ$E|1fiJ‘fi?i'~v I~‘7—7116;'\ EF5EJfiJ‘X6i'\->'f*‘I

‘/F3 215-=¢‘;i‘£|T:?':t:EEE€§1’Lf.:é:‘fiE,/—F 1 8 (J/‘AT. fi':ié:‘fi3‘£/—F (ODN>

t%¢é)t%%&UE?fifi—EX&%fi¢%t&t%77%N—74—§5

%V%flW¢&oODN18#B\V~EXMWflivF7—7€fiTMl%t

fifi§fl&JHFCfiE£E>1%AlO&flm?5:tEi0%O#wflHfi

¥?T£fi‘»Zn.) 74—57"C:»f ‘/XT-—JL4§I§’L7”.:77‘*1'N—3E$'JJ$J3‘*Z)ZE0255:‘3\ 5/

1+A10u100mml%mbo1fi7h:v7bn:7XmMmEHAi<

Q §J‘E5tJ7'4i75>I5»’é~1'JlJJx%( V.7L§—J fi"J“%3'C7’7“1‘I—3‘) 6C§§LL0'T13i’LI'PC5J\%§Lr7"C$|§J}I«’

—TE%0fib0R\&1?A10d\fififimm$30#fi—E1®tht%

%!‘§EZ§‘LU":I][lJ\% F5’?/7”J535155)7’Z2cV)0').7§X77°U—3‘§'_"§§E3‘En0 ~‘/,7\?1\1



Page 321 of 519

(15) %§3Z10—513622

OLi\ 9W3F:"-”f7f"T—T:"1755'\ RFX/\‘17}\ILO)$J$Ji3‘|?‘§}0:“CJ: V)1'flfi7F%E"J¢:€§}J7Q:

RF%iI“'ia%:E%fEHL'Cf:E@“ér”;cV>L:é2§J§§Ihé:t%§‘F%§§“?;o fi?s5§EI’JC:

\vxfhlouxWflfifiUV7#fi#¢%i—7w-L?4TVtvhEE

}%§l>€§JJ’§’»?$ I }:ffi"C“% ‘t;"’7*"71"‘7'~—T:;"1ffi'\ 1"J15.aiE1Jl]0)7J[l/\%1%%%i"=”_'-J2‘?

t€fEfiF¢&@W§%LTfi%§h5:tE%%?&Q

::TfiN5E¥AP5>1fi—F-7—#?7f#—\7—¥?7f#—®

23¢-U‘:a)J:t37:c7’—fi?7"v7v’~~=.»—£» air§!Jf’fi7b*‘.r\47“U -~.» F7741?-

‘ ‘7 %‘7—7J: V)UL5fia‘fii‘r\~vk'7—7T$Ufli<:?1%:tci\ %’I§é%C:

$51/!“CHH4”r>fJ1'C“P.P‘>E>o f’5|J:?_n5:I‘, f%fiE’[‘$li;é51.§$%*‘x7i'IF‘.A€-:i<>’l/x'C%fi'2’3:fLZ>9 Zch

&\ -7I<§'%Hfl€i1'*Z‘§fi‘€)§§fl§7IELZfiv:«>’C’cO).t “3’.§:~‘x,Zf*A0)1'Eifii%£E|@“3$o

&1?A1OH.$vF7—7%y?7x—Z.Wfl\D807

W—EV7\RU%¢\fiéfififl.fi?RU$fi%V§7;—X(OAM&P

).mifi&%£h5yzfi—h®th®¥mm%%%%%fiz.5%t_fié

fi—EX1:vb10o(ISU)®;5&E§%V&7;—2%%&Xu#5

mfifiéflih5yxfi—b>z%Aa24v%y7%wh7—7mEm4y9

T7:-_—.5?\‘é='_'*’§.“[1‘7}‘~.I?\l~7“"‘/“?lL"fi‘fi3IEl 2 (HDT) 5_"’.:?'t’¢ §§?EF|5lA"*;‘::":.‘*7'—t:".7.

1:v%(HIsU>68Rd%§®EEfié#~EX1:vhtfimfiéifi

&EV$1fiéfi~E1;;vFE%U%$;—Wfi%fi—E2;;vb(MI

SU)66®;5&\fi%V—E11:w%(IsU)100m.$f®fi§4

‘/9 .7 :—.:<7{%EE"EEiU‘.7<4 ~~,»+2§2f1,*:>?~~~/ %*)—’/'\,Y.6:."7b=I>)‘l'?§$#i%i‘fl*J F -7‘/'

xfi—%>x%Amm47&7:—x&%E¢%¢$%%mvx%At5wf\

HDT12dL$¢%hE&E§h\ISU100difi®E#®fiEEfifi§

z‘1'CfiET”§.?§:f’L.?\>,,\ HDT12,7S2‘U"I SU1 006:. ?r7\’~T,¢,(f|?3E?V)£;tb:/\/f7"‘)

'7 F7T’f/"-—'|fi$H3'5J\§,'{I7‘f“‘/ F-‘7—71 1E”4%'CT%%¥::3§I:’1»Za(.2lS-3%HH¢:$3ln’C

\ HFC7’j“%i'2>T\-~/I~‘7-7 1 1 l*_'L""f§a'eEzE}~‘7>'1rJ<°—l~"?3‘?o7";&b¢:;[Z~%k$31

$%FAwfi%fifi\HDT12&UISU100@fifiEBHé4777;—

1fEE%%¢:J: 0%?:r§:'rL%> 0 ZODJ: 5 7.:t3E'-"r"A.’/’)Ti§fiE‘f£d;’c\ I7:§fiJi§fi§C’fiJ\§'J<’.71«”7‘

7”]./~.v_7Xi*fUJ_L'C, fi*éi“L%o



Page 322 of 519

(16) %§3Z10—513622

fiE>1?AM—%mty1\3&U6mflEéné9>x%A10®£$fi

&u\m2%%§9wfi$(HDT)12\EFfimxbfifl%$(VHDT>

34‘£%TUF§VXEv914\E%LOLv—N16\Kfifi/—F18

%%Un47UwF774N—fiw(HHC)fifl$wbv—711.&Ufifi

1:v%46m%gLtfiéfi~E11:wb66\68(y6c1~%m1s

U100tLT%?)T%%cHDT12fl\24vf77$v%

v—7(~%m%377§4y20T%éflé)t\%%%fimb3yx£—k

mtwmHHcfifl$~%v—&«m%?A4y97;—xtmfi®£%4y&

7I—KE%fiT$o$fiFUF5V1Ev§14fi.fl3Kfi¢l5K_HD

T12mfimRPTO£fi%fimfi22mfi¢é£fi—%fiE&&%fiL.fix

T0aE7741<—71~—f?4:/24un£Efi%u %%i;0uy—»<16ufL%

L0%77%N—74—f54y26Lm%%%Kfi?£%$—%fi§mEfiw

HDT12mMflRP:0%$%%Afi2Smafigfiéfizéo%fifl/—

F(ODN)]J%i\%7T41V-7¢—V3%:/24&U26&WHEfifiH%

30®fi®4V77:—X%%@T%wODN18MWWfifiW%30iTTO

E%i&U%%&EfiT%°fifi#—Ex1;vbfi.fimfifl$vbV—7K

@E$L4V§7m~X&UE§N®W*EX4V§7x~X%fifiT&3

HDT12&flISU100fi\%fiF5V2fi—F>1?LE$’@fi(E

:r“1-A)1%§fi‘é&§:t?§’a“»§J° HDT12Il;t. IzI3u:%fi“4:5o:\ 9"ZC<&%;1’)~7)R

F—Mcc£$A82%%A.%IsU100wH6m%€;fit_R1—1s

U%¥A101&%UoMCCE?A82&UISU%FA101fl\%fififi

&h5yx£—%?étbt_nDT12a1sU10o®fi?\Dso«%w

7?~Jl/€).J:57,‘r. ?s9$5F’\”'J',7’R1'7:‘1£1'§#iT'fi%f,‘iJ3fi’§3"5,.CV)?§$5?’r*')71?4i?7FHi

\ *‘/'J<7T‘«i-as7)1‘r‘n*@|I1E?5"-§’rE5?J\’U7’-fr:-5J‘%U2§i’17";IE§J§Jif£§5(-5J‘%'J‘?1I/?‘7‘l«'-y7

1(OFDM)E%5§,%®%4tfi$%vV%WEfi¢Q?w%¥%UTfi

Elfiflix H#3,J\§[J'\7J'I«"3‘7D1/')’7.Z'fi=!£$?!‘3:l‘—7?‘3t ’)\ :2VL*Z*Jfi€fi§ifi'J"%'J‘?Jl«'3‘7°1/

'y71'-?""§7b:§E¥fifi‘%>fifiE'c: I./.(JL.é):t73T;T“?_§%)o

% $%U7LWF—?®%$&UE%H\%?—§?%$wi



Page 323 of 519

(17) %§3Z10—513622

5’)IETcEE1‘*f}-1’&'F§J L-“C'-7"":/"§)l«El’-J6:EJi5Zé’3f’1?,>o 1/"/—1Hi\ -”r"—9’5:f’E§|§Jfi‘%>

tbtfiyfwfifiwtfxyFiTfi£&%%fi?%9§§¥%UTfiXN7

Fw%Efi—N3wTT5oL#Lfi#6\Efi®E§fi®%%tLf\%##

U7m?~?H.m®$+UT#%fifiLfié4V&7:—2\fivf.fifiy

1fi~¥§flt$—9E%®ET%$Té{>77;—R\TE%§flé97w

f¥wU?EEfi\%E£fifi&1?A®;DfiEKBHT%Et¢%fiE%fi

mfl%%&fl%%%5°7w%#wU?£fim\$k%fi7w+7vw71f—

?XFU—AE77tX¢%Eb®%$W&$fiE%fiL\%@®w#&%%fi

u%wfa7w+7u~71fifiEmH%n&tmm77t1éhé:kéfifi

L‘mfimfimyyfiwfifiéfiflfifitLfdymwx/4X%%mt%<®

./-'f7C’2‘:1E5':@§L/. {"1/T. 7"I/—F‘0‘)”H"‘3;»rI”l,7T:3?--’\-* ',J,'I”£’EJ:J3;->.’7‘¢:’<}“Ew::}:¢:

J: ")§9€%1‘§,'2<7.73|‘:7-$%|3:’J‘:iEL._ :r’—,’9i‘£f§0)5?*vLJ7’€)1EfiFl’i'%JJ:©”%»7E§JJ7ZC%3F§

*E§’E'—;fii='§“EJ (:0); ’)7§c‘7"~‘r 7‘r~IL-E§$E15'z.U‘f:?<§%6iL1T(«:§53L<§§fiHH€Si”LE: 3' 0 713

i'E|’~MZ. '5'-ueZ%l\'3;/;1rI‘~"*—f‘~‘J';1fi‘*.£>6i. 4:?$E'.L7"3S7’> ”I€3EJ‘E’&F‘r’)3'v«‘r',J.7’C7.J

'ffH7i‘??F33'J"::3'?;J:t7.J§"C"§. ii1§':::“:':’f=£f§l1‘.‘i-"i€'1j-hr’D=¥--V°‘J7’0D?;:%_’TE J’s3‘5§>o

iéébt. ODN1 8€iT")1;'5""7]’§:|3J$EE§1‘fa‘§H§Il%K3OJ:€Di%f§O)f.:<\?‘)6’)’§'-§§E’F§

$Et%E.":Tfi‘Za¢ ififif. F3;/’/34‘/2 O'C‘?<5If?.E>fi1’T3fi‘Z;.1:'5"7l’fi‘—li'.Z75*

:50) :"fi‘*"7r1‘fi$=I§iimv F331;’ F33 2{«Z’C’§f§§If’LM}E§f’LZ)o ’\~.v F~‘:r_‘/F-‘ 3 2

Xflil--lfléfiiix t."'7""7]'7""—§/f‘/57 7:*—)1\7)7'£5?)C7)b"5ij'7jT}1}‘5J\jI§5Cfi%¥34

(V4DT)E%UoVHDT34d_fifi$vF7~711®ODN18E&

ffifillv%46KEFfifi$%fiETétbK%%Lt%F371$v?%

%o¢

fl3&U4EZ?HDT12®%%F§VXEv714fi,EE

ézn/;'n€'-E§E5"—5’%f:”:‘<§§;fi‘»":u7":8s?>¢:T'0?‘-E§fiiZfE0)7”;ai)0)200) F-5‘/XE -V5’

Efiwo:nAmb5y1sv7u%%m%mT%0\flfim%mT&m%%%

V—WP57XEv7T%%c10®Ffi7ZEv7d\$L@®E@#$$%

¢:¥EEfiEL“Cw57.:»3c:‘1§’>'2<»f L‘.(\‘\éo iUf’l3Fl‘T0')}~5‘/7 -:»fio:isw“Cr5$

iéfifififit.EEflX?7N%F§VXEv7KWOmb%oEflh,VH



Page 324 of 519

(18) %§3Z10—513622

DT34®b5y1Ev9fl.$%fi?+n7DFBu—%%§>xEv&&®

THDT12@%§VXEv5tRfiLTflfiW%MT%éQ%flfi\E¥fifi

fi®fi§\$%?—7T&w#$Emv—E1uR§§fifmfiéné0Effi

%—&%E#%£%?—&%E&%fl¢%:am;0.%%F—&mAm%%#

%fiT$éJE$fiF—?fifi&U%fi?—§#\%M&$%@7+WfV~W

c;01omm7r%N—L?EEéht&$H\fim@§%fi—E2mfi£fi

$W%T%5:t%%fl?%¢%hfl:mi5?E%m%%HE%T%6o

§EKE1§%fl¢5k\E¥j%$@\T0T%7T4N—54V40Eg

f17Uw?38&%$mt%E5n.17Uv9%8fi.E%®%7?4N—

54y42L?Efi®%fi/—F15&EE¢étbm%E¥fiE%E%fi¢é

HDT12t%iiL,r;?'-T§i€e§I~-fiyzs~13?14c:§‘u:7-r-»fH—74—7"§--4y

42EfiT%fifi/—F18N%%%E%EEETéofififi/—Fl8H¢A

%7UwF7r4N—fim(HFc)fifl$vbv—711mfiH%fl%fi€fi

f@fl®fifil:vh46mm%fiW&EfikL{EE?&thE.%E¥fiE

%&U%EfiE%EfiflT%c$fiW&TOE?fiRUE%E%fi,HFC$v

}\‘7~—7 1 1 €D|i$11”}J“rfiC%lHj‘C7D1‘E§§k0‘)|fl$E13B‘iU%|?3 O}SiU*"|EJ$fl3? "/74 4 éiéfl

SUKfifl§fl%o

iE|7I7J—il“/}\466i\ 60:3/<“'9"JZ“3LZ, ISU1 OO}:l§§iE_iL«‘?3BU\ IS

U100fi.Wifi%fi&U¥—7%¥#%®%fififiE%ULO%fiW?—7

fE%%i£fE‘<3‘E>¥E’%".5_"'é:Ew7>\. Z5-5;¢:_ L‘J.TG:§fi”H‘c‘3‘%i '3 6:, 4::-V 1* E ~-z,7°:I’i'~‘/

?X45#6tvFFvTfifiE%E?%$%E%U¢i0%fiW$—?E%fi

\ ¥§§5C0‘) I SU 1 O O¢ZJ:‘31I1"‘C-3"J‘%€fi'~~~/ }~‘7—7 1 10D|?,|$El3§[:'-5J"£*K%"f?;fi<i?fi

éhtfififi/—F18E%fiéfl&_fififi/—Fl8fi_%77%N—74

—Y§4726LTNvFl>F32KfiETét%Ki0%fiWF—9E%%

kU%¥—7E%EfiflT%c

H2fl\mvFIVF32#E%%fl/—F18N%E¥fiE%RU%£fiE

5®EEE%fiT%m®%WM%EfiL‘:®%MM%®HDT12&UVHD

T'34€i|3J!_“.i'IiT~t"7‘/1 E ~r.'_’7&U'|fiI_‘;-fi'fi774’.1\“—74—57"i74'73 6%:$|Jfii



Page 325 of 519

(19) %§3Z10—513622

T%°HDT12&UVHDT34#%®E3fi%é§fl\K$WRNvFI7

F32fl8XTUv538EEE§fl&°%é§ht%%fiXTUv738Kl

Ufifiéfl‘4O®XTUv%%%d\WflfifiWfi3O&UWH7v744m

i0fifi1:v}N®fifl®fibK%%fl/—F18K%H§héoODN18

#$mED%%fiE%umvFIyFmmfi%mtmn27Uv§38nf%%

§z?“L/2:30 L7b=L.7::ffi»‘a\ Li-J_fiLf::k5¢:\ 7r|J.FI‘J§z?LE>J'fi}~§‘/13-~/$763K 3:0’)

$%fi%fin:Uflfi%%mT%0.fiEW&$%#—ExmR§E5z5:a

fi3“’C"%E:7i%T:?T2'§’I‘E:%9‘7i<‘<?‘%-C

£¥%fi%%¢éifiK\7?4N—74—§54V24&U26H.E1t

m¢;5m\godFU£fi%5yxEv514@a®bUEET\zomiv

Efib&—N16N®:0EE®t@®40m77%N—&%Uo%mfifiT§

—WEfi§fl%k.C®l5?77%N—®fiU¥fiKflvF§flée§8t.

fifibfiyz

Ev&&Uflméhé774N—®fim\fi%%mfmahéi5mImL.w

fh#U1%$ht#wfiHm%iEtEfim;fiufifimmmiéhmwm

$%%@;0%mtfifién&¢fifimfi1m%fidE$WtE¥1b5yx

£~F%fi5ofiO®%fifi$$Mk%%h?y1£%bEfl5o

1:“5*"7I'T\5"//'1fl‘»"—l\

SEE‘/'/“<3/‘“la106:cl~5‘/5’3»‘f ‘/20&¥%’CE5‘7l'3iU‘%€?T5*i’—E‘7\7°DN

/ffvfnfigE~?‘fi'KiU“r€§E?'P’§$fi’i>%”;c"}E>’\~v F31‘/F32é>*%Etr., »\~y Fl‘/F3

26i’FE§i6’)H]iJT12BiU'VH[)T34i’~3fiiPa HDT12Ci. ‘:.E:%:*7‘—1:".:<7“

UN4VRXfi#%T1.ISDNN®%%fifi\Xd@®¥—?W—EZfi$

&£E¢&tmw$vbV—74V77;—x&%A\Cwifitfifimbfiy

754"/2O“C‘7T<éz’“L%3o VIIDT341éi\f’i'J2_Ci'§‘—7'/‘I«TVfi$E0)JZ57.2E'

$fifi$EfiET%E$fi$vF7—747§7x—Xt,E$fiW—EX7D

N4’7'”\X6i75=130J1J[I)x9é‘c’J§N‘§?3fi"—72”i’€.'é/4‘ :c7);5iEiEf§6i}~fi‘/7&4’

‘/2O“C“7r‘éz‘1E><.

VHDT34mE?Wfi77%N—fi4y4EfiTx7Uv&38ATUfiE



Page 326 of 519

(20) %§3Z10—513622

fiéfiéfiéo%%m1TUv938d%$mtTOE%fiEmEFfiE%®4

OmjE—E¢6§jE—§fltTU%E?fiE%u\Nmtffifiéfltfifi

fl/—F18mfifi§m5o¥¥%m5wTMTOE?fi%3®4om:E—fi

f’Efi.»z*Lé£:i3ifi :tt:‘—c7MnfnJ7::a€§fi<%JiE?é17:c27“{J ~-/67!-1: V)1’fi»’_niLé$:ki"§2%

m%%L\$fimu%Emfimm%§ntw9

x7uvyu\§m&m%wmm—:fixmn—Fw;7&%m¢5:at<

[I'S%J‘=§!?.7"fif§7'=7'*‘£’éJ‘§$E?'“.%> ',‘%§D:!3E%'C‘?r‘b % 0 .1"Ef§7'%:Z 7°!) ~-2 ,57C;té’§€%¢:6i,iE:1EL:

fl]13:2"l."CB”3\ W1J.?Lb‘Gou1d5Ei0‘)J:

5726‘ ,%<a7)fi'fi77-1’./{—::7r]1“—5r~V]~§3fi%75‘5:/x5J3'C‘%$0 flL1.0)3‘%€rt L

f.fiE§jJ17D',}‘)!57£>1E'JFH:"iL§1e ?§£‘;.L:. 7'77«7—I~“+I-If ‘/d>’§33§)3.R’lifiE§JJ

1.7”‘) ~-»f?f)“. i‘fifiJ"fiSt./—FODEEBI1L,f:%?5€GZiEfi1'9”ZaT:&’)b:$‘E§L.-7”:iv‘fif§%0'D§’5I

i'fi|‘H\ grflbil 0I_—0)’\~7 FI>’F6Z’C*f’—1‘:"XEIfi‘E7.§Efi|3E—12~v 1*Ei%'fl:

1% 0 C (bl :3 i.':?é5:3f31.177J6;t‘r'3§h‘c7.).§'§;}EIJé|fi6Z.éE$JZ7)J: t:2l:#‘s‘HHc:?ir:«>*tfiIzIa<:hT

7;» 0

VHDT34fli\ :qL%?J7'—7“JL/TV/\~y VJ1‘/'FX@$3§FI::'I%;&Ut'1 1 2NT

S(Tlfi"*r’?~JL/§'C"0')7i5t3‘3 Z‘-fEEr'i§f?.E>a VHDT34£:\ ffiE6i§fi'§’J\6’,1¥fl%iE7J

J:.L'C0)Arne1"iCan Lightwave System $j:75>I’o}.$VJ’

EJ"é7;CL 1 t eA1\:’IpT“</")J:’J7ZCEi£~‘/;<€*.A&’§‘.‘U<, b"7*‘fi'f§.'7'§—'6i\ f§.'7'37'75““§{§.'

i‘z?L»§J (fifl%\ fi‘fii£f§fJ*'RFt"’f‘?l’1§*'3*'?‘§§Jfli‘‘2¥’L»§:7"5'‘\IL'‘7=¥-\°U7’7f‘d?)»§:

:3 |fiJL‘.'/Jfl$J£%§i‘C“l 3 O O ')‘_/;;<—71/—*):fl§a)11EWEE§J?I0:l V)i'é$El’~J0:i9_éfE§‘§2f1

Em T”) E:"'7*"7.1'i£f§'H+ffifPEn5i¥-’§54—725I\rIHz'C‘3‘>E)¢ ”§5f§L4f’ct"5*"7Tf§7'%

7)J§JiIk§S€3; LTE"7’7l'f§%6’3i'filZf§0)7?:zV>O:|?JUJ§J?L*£§5E’£‘ 1'E§fi3J‘§‘»Za: };6’)$U,¢Hi<

. iJE§i,’J/‘L.f':f7éE1‘fl§Efit t %;D:T%“:$%1I,=SH1Ei£f§é’-’f5';fi§’93‘&C: E_’C"‘?)Z>.\ CV)|filI;1.|§J“i

fiEE?Tn—?fi\TU®§fifi% %fiEmXu7¢%F%fi—Fuiéfl

mI:4a'-m2z4v=.I@¢) < I%r|IE€»4z~%‘c L‘ EIi)§§k_’é"£1°E§’L""'ZC’Zcb’\: a =5:§IH“:':d“?a 0 é nae:

%1@§rl1Ec?J:‘Jfi9’*E2U“éa‘ie'1$fi‘rz0Jf:Eh%15E0J*7‘77°IL~a‘—swicifrwQ

mfifi/—F18@\fl5Mfi¢i5u\m7r%N—74—§§%y42L

’C‘,Z7°'_)~-x5738fP~’a17“‘_J~v l~T")fi'fit:'7”"?Ff§7'=7"§_‘*',§“€3".Z.>c T")fi'|f.T:"?"'7Tf§7'%



Page 327 of 519

5%2=§3Z10—'513622

fljI)[|:l‘5'J\fifi/‘—}: 1 8€)T‘9T:"-7"7fLr~‘/—f\‘4 0 06:5zL%z‘1E>(. 7F'JHi§:h./Z>)'Ifit"

7""‘7l’l/S/—N40Ol.i\Ameri<:an Lightwave System

¥i75*E/K333

E‘E7frL 1 te/\1VIp“" 7“rr5’“7I\'7'~r‘/0J%Ja)'<"I>E>., 7z~I~5?“4'.7r—I~“%:$|J

JfiL7”:J:|:fZv‘JL'(§E¥f1i5:§’L7”:T:"-’7‘7fLx&'—/<4 0 075‘»’\2§51°fiéé3’”t.7":f§":J"5i\ T0?-E

31%]./5/—.?\'4 0 2tn:1)a>:‘»."a1°;%éS:n7::€-Ta"§”e%f§v=7~'L:/&a'< 7‘U =/“~\»— (b r 1 dge

r ) 1%rl1E%%~ 0 312%: 3331310 7") ~y=/"»v—i%¢E%%4 0 3a:\ IEJB~iw:7"%7°u

v7174w&40en4omF0%fim&£%MUE$fiE%E5z.#47

bv7R74w§40bH\20®E¢%Efifi%fifi®E%fiiU&UFUfi

fEc:$IJFil:<:i1.&Hfi-t:.. 3£fE1€¢tfi*§z‘1§1i§fiE=2«fia‘fi‘E@‘&»c:ac:;0%: é>H1s2:=r%§

‘T390 t:‘:”F'7]'XE;L‘TV)'€§":E’if§7“7'L:’)L’\“CODN1 8’C“%fié‘2¥’L.%»J§l¥E%’:5E2»':-T1‘13in5;L‘7:C

<1 f§*:7'6i\ ODN 1 8’C"7Zf§i’~?L7€:.’;l?Jli.|§JK§5t%1?£“C‘HFCéJ‘fi7?~vT~‘7—

7 1 1oTJ|:iJ§fl3*E.‘l3fiJ"”:J’T'L,‘?fi§|5ui'-:J—il-V l\f\_ ODN7&:?:j§‘?fi£13,u?L,%¢

ODN 1 8iJ*"F"9fi'|it"*”r"7J'f§V%'E'ifE'L. f§'7'%'fJ*"F‘3?ii’fiE’Jl:”?F‘7l’1§7'3*nL:§ffi

$ht%t,ODN18m4om$flM.T0%fiMEF#E%%E@1:v%

46tEE¢6tbt\HFCfifi$vbV—711wfim%fiw40mfiflH

fl30t5i5h&°%fiwE¥fiE%tfi¢&:®;fi&EEd54 725

MHz%fi@TEE%¢%ODN18fi@%®HflH%30L®EE®thK%

-fitiifl, H:'jJ0DiZEIf|7I’ic%J%‘é€%»i3$H6‘)§fifl?IEOZ§Efi6‘)J: 5 0Z2I§’r“3HHC-Z?E17.’fi|Z|i‘

hév

10ZH?¢J25LZ.fi|fi$E§"—f7'Jl/H?:‘flfi4330$i\ ¥*’E¥5:r/)fi$m&-y7”44’:%}"C

‘F")%§:—=ul'1'~Jt"'7""73'EiU"%’§":§f§*':7—'J;.1;£;L:fi%7§:§Z€)iEFE3——'1vl~~46’£*irEéf§‘%fi‘»Z>

C:.!;7b*"<Z"§ 51%‘) v 7°&;t%’u¥%¢:'C,4¥3EL:5EuL‘;z”L'C?5 0. ‘£fif%%~'c')?§'*§JJiX

7'If5JT:°-V7717}; L-“Cf’I3FHfi“rZ»o %fiJ$$7—7’ILB?11E’f530ci&‘)—X'¢:T%%§%ES2i’L

t%O#®Wfl?v744%fiT&¢5%EHFCfifl$v%7—71l®Wfl

%fI§J‘€ic}7i3E©‘%>f:?¢‘)CZi%“D7b=0Dii0)1%fl‘1§%'~'$’i*F§fI‘JL,‘ Elir‘§fE5“‘—7t':i

:mx6&%fi$wh7—711LmfiW%fiLTE%n6Q



Page 328 of 519

(22) %§3Z10—513622

T0 T::"'-T"7f-{E Eéilfilfiflifi’ ~,=7°‘4 475>6iEfi:—:~/ F4 6 b:f%f§‘§§If’LE> 0 Ifiififlifi

vT44#gmE%fi€%u\E6m1fi$1sU100m7uy7fl?%§n

éHISU68K%fi§h%cISC100fi5vT44W8T0$fiWE?fi

&U%fiE%T%&én.#47uv7110Lm5zen%¢rU£fimEf

-7I'3iZJ“'3§m°{§7:7'l:-L’5"'4'7“I/~>':7.“7\7411/’? 1 O1—’3_"i’:’i“'C’1' .‘/7'1/,7»74’JL'§ 1 0

5&UISUEFA101EE&fléoTOU?fiE5fiE§®tvP%v7f

v7X45E%TE¥W%%EEBfl%°V4TDv7X74W9104@%I

SU%?A101m%z%h&T0%fi%&$%E%d\UTmfiL<E§®l

5mMfl%fl%D

4y7ux74w§105w\£fi$:yE;—§fi%®l5§m®1—f%

%%-ilifipéféti-‘:f1.Z.» é>€J};di§.i'fi‘¢:. 1:“'7"‘7fT§2%§E:i}zZ £‘;»i1.»;’wf§*:%€)3F‘I£J3¢:.‘>!‘~J‘§‘J”E L7“:

fi§tt£Kfifil1vF46K%fiTéc4V7DX7%w71O5@E?fi

-f§%’i'iE'§“fJ‘fl L/‘.'*LE:"’r"7]'1i‘§%5s"C“$'J J€.“i'1;1:\J§J?&§5E6$f5flJJ:'9‘%:o E:":?7]'T%'€‘5s'

viii 01EJ=H§1?LELi:?Lt€ucTJJfi%£5Z£’|iiJJ:T;"£.C £629: 0. C’/"§c'< t %.>|n'JFLi§|5Ea

:L:~y I~«'\-W‘--7 f~‘7-7 6:J:»E:flfl0)*i'—l:“7\t J; £;6Z:3f+/"\fi‘Z;ai$‘—fi1§'*‘3—‘¢i|i€%iZ-i‘

fi%J

42v F 1* v 7°7i‘§">'7.Z4 Béiififi-"L-£l~v F4 6u5Z:?5C-i‘E)1':§EfG'')§§'nE:'C‘'2F>5§>o 4:

vbbv7£v7245#5®fi%E¥fi¥~9u\%5E§40MHzw$fi

ETmfiWfiwEfiflK5wTEFfifi—E1TUN4flu;Oflfififlfifim

fi&fi%RFE?LBi0EE§héoZ®i5&H&fiM\L0tT0%fi?

—?JSi'U"TV) L"*‘r"7]'d){z‘:3.£D:fL:fiFJ€§>.‘1% 1 ’_>'C“6i73.‘H\,

MISU66EfiLTfifi§vT44fl8wfi%fi%54Vfi.fi%?vT4

4flBfivFFv7$v?X~5NE¥#%%@EE

§T:E'Efi‘%L_ E;"5"'7ffi«'?§4 TKTV) ‘t;"%"7ff§7'=7'E’T%f3‘%T»':,37”;ér?>b:$'JFHE”?:f’LZ>3 4’ >’

7"l/X7411/5710 Bdi, |§I6C:.1‘>3l/\”C, ’>""~:'*/:L'C"i€H_<E’*i’LE>J:’3L:I‘:’IISU

66@*%THfiWo

VHDT34®M®%W%%fi\E?fiE5®W%fiTv7F?%fibKM®

§fi&Ufi%fiE&Ufim%fimL.é%m:—Ffl§nt7¢—7w%Tfifi



Page 329 of 519

(2% %%%0—%3622

?_'i£f§‘s5‘?97*:zk?>7)fI43€):1:‘/:!—F7'fi5E’5:¥iT€FFJfi‘E>o -?'~‘/"§'II«‘t;"—”r"7f'7"'—§7s5’)3§f§

£:1JI],i'C \ '1’+\:'7"1:"7"“'7Y*)""—5Eiiféfifa}fif$fZiU7f§E6iéi¥%¢:'C5El]8:?1”C

$5 *9 \ i3T‘»Hs?)§§3"?IEC:§E.§Jé6’)J: 56:2fS%EHH0’)$§1‘|11EiI’J*‘$Eb:f;‘€~>'C£§z‘1E>o

%fiF57X$—F

H3EBwf\fififififlfllSUflWRUMCCE?A82ElU¥#U7

LTE%§ht%W¥—9(DT\fiW?—?)fi\fifl5%>22EfiTHD

T12&U§fiTUFfi7KEv714WET%E§fl5¢%fififi&UISU

1oon;0#«u?:?~fi§ntflm?—7u£fi:0uy—N1emf?

'f§§§1fLFJ$+H-_‘J‘-—7")L’_5'f >2 :~a%E$:é“C1v1cc%:”r"A8 20Zi:f§'&‘§If’LE>9 W)

F5VREv?14&U§fi;0b&—N16fi\%7T4N—74—f5%V

24&U25&fiffiE¢&%fifi/—F18«XuWa$fi%fi&UWW¥—

7E%4fiEL§ETéoflm?—5@.>X?A11®%%V—EXRUHD

T12tISU100®fi®“%%fi®%5>Zfl—F§fifi?%fi%K%%&

m®flm¥—§E%fi¢%tm®.$T®%W.%E.fi?.R@$fi(0AM

&P)EfiUo

HDT12®7Dv7NflY3K$§fl%¢HDT12M.UT®E§1FW

8OmDS11;vL(DSU1E)(7OmfivF(quid)DS11;

vFtlO@fi§l1v%5O)\lO®fi§Z4v?&?XFEfil1vF5

2(PSTU)\20®7

uv7&&%A2Uvb-4>&+Iy§1:vb54(CTSU)(lowfi

WTlOfi$fi/fi%l;vF)\6OWfl7v717X?1;vF56(CX

MU)(3OMfi@T3OH¥fi/fifilivh)\&U2O®%fi&%l2v

b60(PWRU)(20fl¢%%fi%#%fifi?HDTéfiéfififfifififi

fil:vb)T%&o

HDT12H\flE&X%A10®§%F%V1$—F@$T®#fi%%%%

EfiZé¢HDT12flfi$fl¢%%EEEéh\W—flW¥“?wZ4v?X

fi?§fiwiv%7—7E$@%Kfi%4>97:—1f6oHDTfl%T®§

%fifimfiLf$wh7—7%y77:—x62€%R¢6o%HDTm.iv



Page 330 of 519

E4) ¢%¥MF5E6K

}~‘7—762b:El«‘-“C2T5Z1Z28DSX—1liJ¢:ifi-é?L\ ::hc:o72Ds0

+w%wmfii%%?°

HDT12H\ik3X?A11KBH&$%F37X$— EfiLf$T®

Hfl%%M¢%cHDT12H\%%§4E77\54V?4 >¢.W%&4

E77‘®3G®WflE—F@HfflflTfiW?&o%%7%E77fi\HDT

1zfimfiéntwkfibafiiémém%§fi®fifi§ntfié94syrm

fiHH’sf5:t»:»%IFfi'9“5° €74‘/74 ;‘/7"-Li‘ iE”%“I3—2?7r1»1'Tr“="T/911/,7\»r~~/«’r

#8§#fltDSX/1%%#8®UflN—7Uv7KW%¢%oW%7%

/flix HL)'1‘iJ‘:‘1lUf"J7§fF§>7E§Ué£$/\)J0)/i*Eb:’C%:h. =%’<?D|EJEH§%E%'sT3E>

—5VXfi$—wFfi—N—fi¢T%%o

HD1‘12u. 1/4A~DSf)7h~—E>7'-7%1?EU5VfEfiL\L.

96x40967w77tXt%7Dv¥V7—1/4—DSO(lékh

)7nx:%7B-&4HEU%4%flfi¢%o:hd\Ds0RU1/4

SO(TSDN"D"%#

‘/?‘r~11/)£-3'. DSX«17‘r~~>»}\‘7—7/{>'&‘7;;—_7\62b:;k36‘T»Zuln'<3‘z’175=0'D§‘

4AXDv%#6\HffifimlSE1OOEi0V—EX5fltHfh#wE

§mfiLf_»~bméh&:tE%fi¢&o

HDT12uMccE¥A82E%UHFCfifi$vb7—71limfifih

5V2fi—bm§iéfl6RFE%A%fifi%Efifi¢6oHDT12mHPc

éHa‘i7?\~:u ]~*J—’/ 1 lb:«‘\':5“‘.A/f ‘/5’7:—.:<£'f%1iE‘5‘Z57t:?s?‘>C:3<>wfiJ$JCiX

MU56§TfifiL.fififiCXMH56ENLTlfilWfi§EfiLT%o

HDT12d\%fififi%>1?L11®%<®ISU®%W&UEEE%U

%%F57Xfi—FVX?A%%%T%D%HDTl2E§;—wfl%%%%fi

T&oDS1UE§;—w48fiFV?w$vF7—7&UDSX 1%%t4

>77:—XE%fi¢éoPSTU52fi.fl%LkDS1U%V1—w48E

fiLffi§Ds1U5OEWDmié:aE;0\DS1Ufi%®fi§E%fif

$oCTSU54fi\1/4—DSO§4A1UvF7w—E77-¢{NEU

?%MU$VX?Afiflfi%E%fi?%oCTSU54fi.it&X?AEEH



Page 331 of 519

5%2=§3Z10—'513622

§gT®wflE§fié¢éoCXMU56fl\HTKfiL<ifi?él5K\H

FCé3‘fi;t»'f~~y T~'7—7 1 1LUJOFDM€'.E%.§1~5y;<ri<’—1~L:im‘L'CEfi*.Lt£§fi‘.:

&%V77:—X%%fiL\SCNU58fi\§%F§VXfi—%KfiLT$T

®OAM&Pfi%%fiH?%fiE&1?A®fl¢E%fi¢%cEfiflfihflgfi

@%E®flfifiSCNU58T%fi§hég

T‘9'§§fi}~3‘/XIV?

TU'§§‘r"i1~t'7;/XE "/7 1 46:1‘ 4c:%©‘J: 56:. '§%fi’ffi$fiI5iU'$'ITfUfi"“—¥7

Efi5HDT12®fiHCXMU56fl8®WflRFHfi22%tU\$fi22

E I‘ ")'E§’fii5_€f§f§7r%C:$-’r‘./r*r’§‘i$ 0 fi'fi1'5Ef§

'C‘¥fl§*f_=’~If'1.2E-'€'-.3Z3«—:a*fr'Ifi?A'5:1°f)'E1E!E/'\:/7C1. J: 0fiJHT»’:.H‘:I4J¢:7H§iJi;cI~-3y1:W—I~fiIi—%iE

E%fi¢5tmcHDT12;0$L6flfi%T0%%bfiy2:w&14tfi

L‘-“C-f‘/7‘U2<>/I~?§:?LZ—,o 1:/zo)::;/rrf—7?\‘/Ix-5::a)1%fi‘é‘«E.E<:.k-not0

:<7_)1§F'EsfJ%J 61. HDT 1 205%-CXMII 5 6u5:‘C$§‘r"c'3iE§fL,Eua1Z‘%.?i;tZlCL\

::m:<C><ML 56€)%EJ‘E0):1Xl~Ei)flZt. CxM1;56ifi77»+1\'—s73-fizz

V)-5Z|§J$EE_:’C‘i%f§L.'§."{E‘5“»;’:-i t %§5F§‘5“%.—, TV)'€§E'l* '7‘/.7‘-E v 7 1 46$.

§7‘:'I_'LE’AU77/fJ\"*—7 -1—§"J/f‘/24J:'C“O]fJ_\' 1 8I\C/)3'31§{*_"T;'E1'3¥fi'Z;-

T0'E%T~5‘//'1E~y$‘7 146:‘ ?.{:l5< 1 O0 7 —l~X6;k/’cz"LJ/1To’)EE?'E|’\J

’C‘HDT122:3¥tZEiIi:Ei‘:f’L»E:o 'F"JE§§’Eil*3‘/ZS-75'146;t\ %Q6MHZ

J§|:7)§€§5C'H§fi,'2'C“$EJ CXMU 5 E>75‘P3|W$‘H3HFE3'J%§C-'1‘. J?.7°”7~—2 50'_”C%2f’L

I‘9f‘=_>Eé~o’)R Ff§7:%d:$Effi"9"E>o 3&6 MH 2,|¥Jfi§5C+%1.“§6:\ %¥%’C“3ELl6z§’LZaJ:

56ZfJ"—F""rfi1fi(aZlV)'5J‘5iI§E‘c‘I?”L»Z><,—F")%'?Ei‘|‘§$‘E¢ifi'¥'J725 80OJ%J$L'z§,‘z-‘rfiiéji

'C3£i§éz‘1é,A ‘£%l~-7‘/:43»/y14c:1i*f2,z7”I)~y/5' (|.7€l7T<’€'9”)

?:E/Eu‘§:f’l.77.:{§7E7'§’3EL»\ 7ci1c:¢t0)TET0%'-T:’sfi1E%**&$l:»:a(. 200)fiEf§%

ii‘ #4'¥§\}”fi'E%§¥fi0)f’:ac")G:‘E:%L‘—W1*?)/ZE-v5’501C-:‘9|%~?!%é"i'L.

JT:;r‘{§C*:T'@i\ ‘F*J%§a%k:'v*/:z.‘i-yii 40J$3'J75"2"J0)74-—5"'fi’1’I/24"C“

-*.€r’?75*'|5ll‘L§E§J¥J‘ézVL7”:{§r”J"’5:1“¢“r’>J: 5¢:)'n2$jJE'§E§J§Jfi‘%>o ::?L6i2IS3°EFJ5JC’)-=x1

7*.£\€)TU%?fi%13éJ‘CZi’Tffi“?91'%‘<%§E2{5%f,\fi'“4§9 ?€§‘fiI*§‘/,2 Ex‘/§’14¢:%5H%



Page 332 of 519

(26) %§3Z10—513622

W3'J"0')/\7"U~v’§\3— (Fab 1’y‘Pe 1‘ 0 t)1/—*7“'6;E-§‘;'(Ci‘)[|~—*rE'fl“<."‘7’7-7‘

4 7“’C"25?; 9 $’COJfi'<§§fiEJ‘Ebi':"fii‘£1§0'J'§.”'f§fi'r?% ( OD,\' 1 8LZEEE§fLZ> 3' "C"#zEe'

iétéiém 2oa’)1«=/—2\"0)r»‘qa')1oc:V?7-'f47"J k I/‘Z-i§é§j:Jil§i/Lx TfE~>’C\

’i-EfiI‘5‘/93.3 ‘:15’ 1 46d:#~':%;%,2»f --/-1*‘/.7"?/"»f.zH:"_)'?4 £=%:Il7!..7::L'n

L0§fiL>—N

L*)€-E31-%L/=/—.:x"1 sci‘ ODN187fP$3.7)i*).7“vf7 4—¢r“~:7»{~/'7 6J:'C"J:

'“)i‘é%'-E§*}§f§.%miE—%'-T:3EuE§~fiE»%fi1;‘E»o :')%%E1«=/—2\"1 66$‘ iE”$?EP9%J%'

K%hTHDT12t&£tEE5fl.HDT12N%fiWfiWHfl&.EFfi

‘Ev F T~~v7“:I‘/I~Er—5 ‘I I‘»’H*~’Q“@”) 0:1‘.-.7L#3IhZ’a|?J$£|J$jJ2 3é*3‘xEu':fi¥fi“%o

J:0?'-T33fi'f§f'-E61. J:0?'-E§?§L':‘/—J\'1 6i;~r;.HDT1 2U.)IflFHC><MU56*\|3J

fifiafirr‘/28i’$%1<'Ca1/—b»ft‘é:f1.£'ao HDT1 2>;L*J%%E1/y—2\“1 6a3Frfi0.7

|fl$E|5I'J‘/728fl;UzT-3E¢:6iEEE'iE1 O 074—1~X6i7t2*LL1To:FEiE€S2VL.—fyI~

fi—7l".74 1',J‘/7"C"&r’f)Z>° t'5“'7l”C~-I l\ l\~:.'.'J°:J‘/f\EI—5’I%§fi6i. t"'.7‘"7J'I\

5"/X7‘f’—}‘-E.‘fifiJ"C‘§EfiL7’.:JC56:_ 5157:‘-/1 OMHZUDRF/’LI\‘7 l~1L-s7>%i:J'&

-ilfiflfiiéil. ridhfiififidij:")§§§EE‘f’§$|§¢:%<>’Cii1§€§2’L. J20?-EEEF '7‘/.7\:I‘~"—

l~u5Z5F'JFi§§If’L7§CLM.

J:0%§’i§I/Jfi/\"l 65i\ 5““;L7’}IzJ:03"'|f77"f/\“* /f‘/26l;Zi“J‘L"f'7"'u.

711/I/S/—.Ii‘5 0 2’5;*f?‘r’)° C2”L8</")7¢—§’5/f‘/2 bi‘ 3'-T1%’l%$fi.’:$'J?i11'7“'

—5’tt“'?'fi"b‘>' I‘ 1*"/7°fl“-‘~v71‘f%$1S’£’£'€.'iL‘ODN 1 7J‘1:)7)E‘Fé’[§7|3"§’Tfl5

“J:'”)'fiTi’§El/~‘¢-—/\"166i.O]:)N75‘9>J)J:‘974~—7‘:) ' “é|¥}JEI’~J7§.‘

f:‘?'<§§41J]”)§‘§£2_%_"3€7fi@‘Z>o f:'i'<?£D-‘/'-:2’/List‘? '7”/7*-r 7"J <5 L4 ‘.?fié§fl7‘:

1/~‘/—1\‘'E02fli1IDT12’i*%E§)3‘§7'Z>|?J$E|EHj)U28t-Zf§‘%$E‘@‘€:fi:<‘>?>6:-5j‘§E§I¥’L

\ tjfl7236iJ:~vl\l\~w 7”?!‘/br‘:——7 (Wn‘<’€'9“) bZ?:E'fi'E§fL-5.‘

fi'é§a‘fit/—}‘-‘

|?l5c:%"¢3“nLv3c:\ ODN18fli\ HDT1 2iJw5a)i':'74—5*"=&4y'241'o*

$026k‘EfiflliwF3ONfiféHFCfifl$vF7—711@@W%

fit®E®4yy7;—1&%fi¢éo



Page 333 of 519

(27) %§3Z10—513622

:®i5E\ODN18d\%$mKfi—§fi£m%ET%9fHOEfi—fi£

m%ET%éQODN18fl$E§®ISU®flTv7XiTmfi%EHfi%fl

\HiL<d%6kmT%9\%é§hTwéfi%®K74—§34V/WWF

uv7mEém%%EH.M$L<m%20kmT%%9oDN18m%74—

7‘-7'4’ */{alley 62L<c7J77~f»<'<~'é)<>'Cs%i<$.i=.:©‘%Q 7:r”:"L,\ ':z”L.3a)77~1’i\“0)

fififiET%éoLi®6$®77%Nfl\T0E?fi74—V5f>42(E

¥wx7Uw738m%fifé$~m774N)t\TD%fi7z—Va4y2

4(TD%%F3VXEv?14W5fif574—§§4V)t\TOE%fi§

fi74—ffi%y24(FU£%bfiy13v&14#%£f%74—ifi4y

)t\iU$fi7/—V§4>2b(LU$fiby—N1bmfif%74—V5

»f‘/) >;. J:')=?'-.3Zfi1'i'»-?.§J5|3JT7»r—,’9";"7-4‘/26>(J:*9?'-T§Efi*§>‘;zE~:z5716/\

iE'§V€w7(—,’VT7*fl/) 3:., 1/£7774/V 'f§|f<§:?’L.‘fb‘7§EV«') >:0ZJC’>'C1§

fiJ2:<z*LZa., ODN1 80:. T0%%§}~5‘/XE~v5’75*5;3Efl‘%J”fif§F10)fi‘fi74—

V54724LT®fi§EE%&LtW0EZ%%E%R?%¢it2fiT.O

DNl8&.L0£fiD9—NNfiféL0%74—¥54726;TfiEfi®

fiééfififiéwZZTM.i0%74—V94Vi?®fi§M.;0%%D&

—!\"l6b:'Cfl%Ufft|1é§7i’LZ:b ODN180C)|?J$EF—5i‘fifEfl-5Z§5l«\'C\ .:wODN18Gi

\fifi40@H%Wfi30T$affifi?&o

T0Jj'|i'IJn’;:::BL\‘C\ ODN 1 86:‘ fi'é(/“)7‘”3’$%1§;*'§*’i*€'-TE>—’<=n1§;*'::—'b:§?fifi'?;-T‘

0%‘-é§*EiLv=,«—,»\"4o2>;~fi1,':m,:-,0 :<c,o:_ ODN1 86:‘ T0%§s*E:I»=/~J\“

4 O 2fP6s’/',)%§>%fE*:7't . T'7L"*7“"7]‘l/=x—,»"\’4 O O75!‘-¢B0'J§§‘fifa%d)T*3 I-;"5“‘7]'

f§'§*t'€‘=_":"i=xE”:.‘é§fiFE..7"") ~7i?"\’—i‘é'iFPE%%403?:*4'EJ'L»'ClflE>¢ :.:'C‘‘\ T‘? 5'7"

#u>~w<4

O Oéim VIIDT347IP6iE'-a”/LSODN 1 8D:’C¥%i’:E.”9“’Zao T0T:"7”"'7TI/3/'—1%'

4 O O ¢:’:_"n%’E}‘L7”;fE%lE§C’J3'-E%§/"E"F7Tf§%ii\ 5 $02‘ 'F0f:-"ii. H:%'l“1"L’

Eht1N7FWWTfiE§fl%QWZfl\Cm1N7Fwfi\HFC@fifi%

vL7—7K5Héfiw%fi®4omW%®%&K3wT725~800MHz

77%J‘=§!H_‘*fi3‘E>c ZUDJ: 73 L: L?‘ J:§E0)€'-?.iZ:’T=\.EI’~J7§<‘%§“rfif§7'=7':I>.3J:U"T:'5"?Tf§7'%6j



Page 334 of 519

(28) %§3Z10—513622

40®Wfl%fi®W%§fifiLTEfi®ISU1OOEEEéfléo55K‘

7UvV?—%E%403fi\4fimTUw$%W?¥%E%BlUEFfiE%

E§fi®#47uw7x7¢w7406m%fl%hmm¢5o2o®E&%m§

§5€J%1L3[‘&|*J"'<."'~ ’C2h.~€*":”LJ: V) fiififiifi :0“ r" V) {ii-3_4J?fi}: l_.“Cf§1r7'fJ"'f¥H€§:s‘L3,f>*%{=.‘

\LE®747Dv7174w7406fl.Efifififiiflfififififififiié

:am;of%$§: flWEW%KTéoODN18Ef§ELht§&WU

EWfi$fiEEwf,%fiE%fiIUE¥WE%fi\ODN18%fifiLt%K

HFc®%fi$vb7—711mfiF%%&fiL<fi@®1:vb46mELt

J:%¢:-ii‘ ODN186ZT.'.'33?2‘i§f§{?4'§}§fl§%*fi'5_3§>C?:CiL7:Elfl(. |E'10:T§'9”J:f3

K\%n®flmW$3om\Efimfifl9v744%fiLf\mififimfifim

1:vk45KN,?0®£fiW&£fiE%E;UE¥fiE%&fi%¢§:kw

“C3 E» 0 fi?E%6:J: «>’CJfi5‘?H0DFJ$E|1.’57--/.7“$i._ $’E§’3tfi€.7'=?-SZ;%7f§7”%E'fiI’J7J‘|'FJnL:I1'R 0

iLU§$Jf’F%’9‘?.-J”iE1J§'r?¥0)f$iE’£'%7?:'§‘o %-/?7)|?J$E|3}EU-E‘B306iif:\ IE:§"JL:i§%

fi:fiE3fL,f:;%%§fi{J)|:iJ$i1f7~:x'iJ°E7fifi‘»E-C};£»FIfiE'?f'zF)Em, 586:. HPCof)fiJ‘fi€€Z\

'7 l~‘7-9‘ 11€D|fiJ$EE€.‘|35i‘n5i. '7‘-fi7f,fi‘:/7\’f"i-A 1 O€)|fiJ$FE%|3fiJ‘é'fiEfi-_I“’1L’-fiifi;

z‘1éEE7£E%fE36;f‘d‘7”.:a?)b:_ fEE§0)§§k0)i'§II1E%%*;’fEJ¥J‘€i“Ea: t73"FIfiE’C“£5‘>Z>.—, TV)

a)Ff_1|—i'43T=‘\E’\j§J::€;%f%%‘§5<:tU;'E'€:j-TE-%‘ci\ 25862‘ #01) I SU (E6) Iitfétiifi‘

éfiJo I ”7«”I=iri'El5I*]C:b\x‘_?:i'. Z031 S

UM‘MlE%Tl5&HISU68ikfiMISU66T%%o

J:")7:‘F'IIuD:;5L\'C.‘aE§Ea'f§$E?5iU‘Jc-y%}\~v7°:1f-y7.x‘f’§$1§6i. 5MHz75=

I54OMHz§'C‘0Z1R.F_7J‘i7}~JL*$HiifiL:i5ln'C‘ 4<>wfi$MfiIfi1330:'~3iE3&L/

fi&tODN18W®V47Vv7X74W§406El0%E§fl§oODN

186:. 4“DU)|?J$i3IH??l1%|33 0EPU)n%T%?3O0)|§l$TH1H?3I1%|HZ§§EO“TI>>2”L7‘:i§jfJi'FI4JZ‘r.|§]“i

§&7?64%E?%ZtfiW%T%&o;EODN18fiit\Bbfimfé

%%#%5&Afi\~omflflW$kmk01N7hwEmm3o®fiflw%t

fiéfiéfimxLfim~omfiWW$Lm;Dx&7bwt\:m:02&7%

ILJ: 0T§?'nJfi%)3‘Zi$i€‘E¥E-é..‘rfi‘«Za:tibWE"'éT‘37;E>o J5J1'fi§5I"/79646:‘ L01

N7FWESOMHz®E§®%fi®fiKfifi§fi%i5KfifiéfléoWZH



Page 335 of 519

(29) %§3Z10—513622

\fififi97964d\RFXN7Pw®5MHz~4OMHz®%fiK%éL

Prrfifit \ 2;':0JJfiifi2‘§Sc1‘-3E1:‘2aJL-w@“':rLiv>t Eiflérfiéi 5 L:§§E§j”L;o)o @‘7:c2b“a

5OMHz~10OMHz\1OOMPz~15OMHz\ifid150MH

z~200MHzwfl&fifiWT%%oC@C&KicT.iUfiWflODN1

8P"J'C"$§”ErL.7*:}: i='C'‘%_u \ fEE%‘...0)|3I'1?'"Jfi1%33 075"1ffl0)Jfi3fl%EtW*3%%“E.‘©‘%> ': £71‘

<\ RF/’&’\°7 }~iL4r"=J0)flfl6’)fliITr3‘|§tfi'[2%3«fi}Zi'fE§fHTE>Z&75‘Wfi‘é¢:ZtE>3 LEE

7)J: 57§.’J¥J‘22§§5I‘/7,7 6 4C’)§i§bfl3li\ # ;7)|?J$FHffl%|S'3 (’)L'C“i§§§‘RW'fiE"C"??>

23):) ODN1 Sliiftx $3u"§'€’§4O8’a":7FLT‘«\E:o :a)£’~.’£’a.>%%408c:\ $1

a)IfiJ$mH%I5'a 0 -(fl$hWfl%|5's 06:‘ FEH5'z%!:.éc~‘/7 IKi3i‘7::.:’«1L’c.'L'x2:)i:s%) !_,iL7::vxI_,

\ %5L\@.i\E.1‘s.7E‘7:E<é.5§’LTl:‘I'fc-75"v’;J Lhécw) 75\r;a)J;Um£fiH9>:c‘5:i%1‘fi?1§2*s

iU‘4:~-»1~1~~,-z7":r<‘~;»7 7ul%$l?z’i*$.*:.".é*.f_-‘-L+§(: !;u5:i’:'C. 40d3EI$[lJJfEfl%133 O

0)%’2bZi’=i‘—ET%>fE‘(€)J:‘3 ’f§$fiE'fi.‘U—’)€D¥Eé‘0)J:‘9f§1”%E£I:J5J?.‘€J‘E>?*:és?f>0‘D

’£;0)’C“Z?)EJ D :0’); ’)7§c"r*§’E.‘0)%fiE’~J7.Zc‘J;‘9f§%Gi\

*i§¥:'JH’~J¢:1 : 2fiJ‘%'HZi 0§j\%”:§h%Jo ‘éabz. %/?€)J:0f§v‘%6i\ :0o37;~

7"U”{'CI—ifi1-/‘—'*}f3§f§%§CZfi[E¥{:u“§§17.;§>\-. 258-5:‘ :0),7-r7“U~«\°\j—fC1/

—*7“'i31§%§€:\ J:'0%—i'.;:r§1/5/*—J\'l60ZJ:01§"|%5_"[i‘i§'5‘%-7*C?9*)C-Z‘ i*‘~J”P3@“Z.wJ:

07r4N74~§3%V26&Wfl¢&o

EL‘J:”)oU%'-TE%'f%$$i5J:UWcv]\I\~y'7“fi‘¥v7X'I%$fi75*\ ODN18uL:::?sL\

“C4:0?%u\Jfi&§sififiifio:§~=E?f§a“»Zu7;:fi)¢:£\ :0’£a+E:1/-‘/—/\“1 66:‘ ODN1 8

1'»T_"C£3'<.3"%T%;"l«\J¥‘E1’,i§5C1‘1'Eii,‘§*’\dJ~‘/T7}\§i6ZfE<>'CfE%i5_’iV)fJiE1«\J¥l$)§Z%ifiEiE'2bZi’E

$§€§t*»'éff:<'s?>c7,)J¥i13i§5C$/7&3 1%_>{J'§7L'Cln%.a fJ,7°3'~—33Ci. %f‘oL:\ J:V)

fJiE‘«\J§]3I§§ET'3E1fi6ZflE35§L7”:é§’C0)1§‘%"£‘ifiEé.‘§‘E?Z>Z£02;-')’C, Z0)i'a§’.%'L7’;

1f€E?€)f§%é>HI:T1 2c:ErJ1JI1“c1‘é.l:’2L:L.'Cm$,.ODN18c-:'Cf§%73fi.l:0

%“b\Jfi7‘i§§EfiEirfi6:}1iT5’s:"»Zaiz%é.‘c:0)&’>«\ L560); 9‘7:<*f§%0)J: ’)f£ElnJfiW£‘€fiEf21‘&

Na)‘:/71‘j5rLZ1K‘{§I-%‘0)fi|{I:/|é[\'7:J—;l:|qb\fi)iflLZ\)/9

fiéfi—E21:wF(IsU)

H1Efi¢i5K\HISUO8BiUMISU66®i5&§fi®ISU1

006:‘ HFC-73éJ‘fiS(7‘f\"/T*‘7'-.711k\i§|3E0):r_.:~yT~46(-Zi"JLT?3>§E7§"7‘



Page 336 of 519

(30) %§3Z10—513622

—Exa®E®4>&7;—1§%fiTéo::Tu\fiE®EEt#—Ex&

fi5?éi5&20m7%7mIstfiflfiéhiméqvw+1—ffi%fi—

1:"/”<:L:-V }~ 6 6 (M I SU) 61‘ '?1I/-7~fi§§i‘~R'.’=T*7‘—t“;<:L:-y}~7:;>§i7”:«5;EE

y$xfi%#—Ez1:vh?%%:k$M%?%éo:m7w%&%%%#—

E11:wbu\EEfi%t$¥fimfi%t&fiAébfltfi%mfiLiEm?

$2 t iBW'fi'é'C"I)é>o ffllifif. '§iZ0)§'f$xa75‘£_U‘t;"JL"-“f4 ‘/7"‘i°\ —‘FEfi¢’)!J\é‘

& $fi¢~~fimEE%mfi%fi%z%fl5°:n%mfi%m%b5@3H\

b#0%¢<

fl0fifi%§fi£fiV—ER(POTS)%\?—§V—EX%,DS1fi—E

1?‘fi$®TR—57fi~E1®i5fi@%fi®V—E1&¥i¢%oEfifl

EJ$Xfié#—E21:v%fi. %W®fi%®#~EXE%fiT5£fiK§

fiéhéa:fl6mEyiXfi%#~E2;;vbfi.F—§#—E2%.IS

TJNRJ. U S T‘U‘~—t“1'3J. t'5‘°7l’1r'H§23’;§%(/TJJ: ii 7;Ckt$§EH’~JT%h\J§J‘«E%§.E%ifis;TJ*7‘—

E1E%§fT%:tfi%0%@oEEfiéV—E1l1v%68(HISU)

ii. #.I‘\6’) 3f£:%75"1'i{J’ U11/*7-' 4 ‘/7'0); '3 7.5: E{i$1%’"?. ET-=‘\2l'§:f1fi:"‘i‘—1';".Z

ffifl POTSt\ i§7IS|3’~J7§f3?¥$’1'C"$)En$fif:‘7"5}5’JL’*7‘~E'.Xfi‘~v T~D7—’/ C I S

DN) “C"5F>»Z»J:“)’:c'2|?f;'n‘E“-C7’/\”*l~-0);:5’S..E‘1iifi"«§i§0Z$FJ‘LfEifi1i5fLF§>3 2l§%"§

E‘HI5lZFr§‘?>"E:I3EU \ V11/fi"f$5§%fi’ET"i’—l;"X:l..'_‘.\y F t %'1EFJT:i’*-f’E.“5"—t"1:t_.'_‘.v

htMHb;5§%%E€LTmé®?_::?ufl%E%$m€éhbt.L

E01SUE%T%Efi%HISUkMISUKm%?éCt&?%V

$'CcD I SU 1 0 Odin 11i.F'a':5*".Ao’,)fifi"‘éé'i—ifi L»_ ~fi§EI’~JC:6i66')I SU

1OOti0%§fléoZ®ISUlOOd_ISUE?L1O1t,37v7

11V—7ny%n—51:vb(CXsU)1O2k_fiifi—EX4V&7

;—X%E&T&?¥$wlZvF1O3t\§%TDv7X74w9/977

104 t’J:“fiL'Ch‘a%¢ '|7D.7?fI?l6;‘i>5lA’C. '|7’.)€)‘€'-TZ%‘(E’~]?ZC3'-TZ§’:§f§%i>5,LL'VE"v"'

fi€%fl\V%TVv7K74w7/7wT104KmM§h%oHISUfifi

m§flé%fi\:®V%Tbv7174w?/?vT104fi\Efififiéls

U%FA101KE¢t§m,%y¢vx74w7106&fiLTE?fififi&



Page 337 of 519

(31) %§3Z10—513622

E?fi%%E§TQISU1OOfiMISU66T%é%fi\E?fifiW@V4

7°L/~y7274r1»9c:;*JE»U)Bé%7b)2‘15° ISUEfi'*"A1 0 lbi, MCC%j“'.A

8 2¢:>?~J'FE'¢%$—’J®=E’f.£\§'7F'JJ5HLT f"’)?€§’".=‘?'h‘=1’$?z"a”_’1‘f§.§J§J'9‘E>o

CE¥A82H\HDT12@fl§?w+¥¥U7T£ofL xfififi

E@%¢%tbKWH6h%B®T%éoISU100fiit\—fiWt%E§

hteMHzm%fifi%fim3w1.fiWfifiH%30@gmTD§fi%fi&@

%T&°ISUE¥A101W®7%E77$fi107fi\CXSU102Kfi

I_-£$t7:c%»7u-.~.z7%J;%f4E’-;*»:uo ::fx CXSU1 0261‘ %7F§aM1J_Lf:1%£H

ETét#E\1SUE?A101Kl%§EElUEEEflW¢%o1SU%

¥A101WG@%§flt¥—§U.%fi§fléfi~E2BfltTqflWW%fi

+Jv-ail]/.1:-:xI\ 1 O 3L:i§fi)é/1-€10 [17TJXL6i‘..€*Js>—7‘r~I1/3.:-rr F 1 O 36:. PO

TS\DSI%—EX\ISDN\biU%®@®?—?%—EX$E%fi?%

f:&')(7_)5/f777—F’&1F'§.?LE-C};f3*EIfi'é‘??'J5%-5 3%-fi<7)T SU1006i. 6MH

Z®Hfifi%fiKTflHW%&$T®%T$w®¢T_HDT12W®@fi@C

XMI_Io)#<>b:§za‘IE‘@‘»$ |E|?Ei$117t:'-D‘7“Jc~y %c:Sm‘fi‘%7’7+:.2%:%Frfi‘>3o.., .:

5’);fiOZL"C75’t.Z<75‘7§f§7f“L7‘.:3‘*\’5?~Jlx'=F'~i)fi’f7'*lz-Vl*6i\ ISUlOO0',)?FE

EKEDf§WTé0MISU66d_6MHz®E&fi$fiK£Hf.§fi®

DSO*I-Jrfr~/Ix-5::§FJ‘©"£67’7—I:;1’5:%fifi'5:};%Jfifi'é‘?'J6»$<. §f:éJ3'“-‘IR H

ISU68d‘2~3®DSO%%iwBfiLf®A77tfi&%fiT6:tfi

?§%u

?¥$wl;vFlO3fl.%%fifi§%@fét%t\CXSU1O2NE

éfl%$—9%%W¢%oZ:T\CXSU102d_iE$—9%ISUE$

A101Efi%T$t#t_/%Wt%fiéflt6MHzwEKfi%Wu5wf

\Lfi®%%?—9EiUflWF—?EEfiTét%K_ISUEFA101E

%fi§fltfiflfiflW$3OFTkfiISUE?A101E%W¢é¢ISU%

?A101n;0HDT12m®fiEEfi5tbm—%mn§E§mtLU®o

MHZ-9‘7J¥J‘?EZ§5I%J1?§Hi\ HDT1 2P"10')C-XI\rIU‘36€v:J:?piLfE.(-Zff J?§i/L615?



Page 338 of 519

(32) %§3Z10—513622

fi®TD®6MHz®mfi&%fi®—onflm¢éo

CXSU1 02c;t\ ISUE'7"“'.A1 0 17bn¢)fE§J§J:<2*1r;%'—9£m fllfiilfiffiaéc

+w$w1:v%mmm¢é$®T%%oéam\:®cxsU102w\Is

U3E’Fi\1()1fi‘@nf§.?’{§3.“2}'L?°Z2I"")1 0t;"~-2 }‘.’/‘)DSO+.H‘_’5‘xv I~J:’C“. %‘—%9

@%$H®?:v7E%fi¢%QTU1OEvF®DSO+N7v¥@fi?fl\

-ffifi§‘E>JZ56Z\ A“ --7‘41:"-y }~§€r”:6i'-?'—?4"/-7‘7"J -7‘41:"-:2 }‘E%Uo C

XSU102Hik,TU10EvFmDSO+N#vFm%RE%fiT%EK

\ T0 10E‘~y%0)DsO+%»v#~1I/0)4§»2a>NU?4£»+a:~y7©'“?,»'C'§>65

€§%c:\ '}”’V’7i’\1‘L';LIl'>'T"|037fi‘@>f%f§L7’Z%’?{73J:V)DS0+0)}‘U5F_‘*f

ififitif.-<:hég, é<»3c:;~t7*:\ J:07”*"—9a>I~3v—é»HL>'1‘1 2c:.lV)7'*":r—FL

f3€Ji>3|J’9‘“»;w€:2sm:. %-4’€J)J:'9DSO/0.31 0%E®1:"x-2 I~);L,'C1\”U-,T~4E‘x-»

I~75*‘3~?$/\i§i1.z»Q $1.. CXSU1 02f)*‘*§2'f§L.;r;T*J 1 0t"~.vf~0)DSO+‘)‘“

-V-*»'i’~11»O)J\‘U'/"*4§"7‘::v7L7€:tir3¢:_ CXSL 1 O2O:lOI§—7bi'f§fi';lj€_<

:h7“:Z'ct5£i'. ‘F0J:'IfiJo:2'HJ—”r4;n;5'—7’fifl3t,2':::};§»HDT1 2o:9¢n:5t“»:s:r;

.:¢>o:\ 3m‘mS©“Z.-»L'“)%-x- >1"~,1L0D1\"'J'7‘4 I:“~y I*fi*'fi|Z|H’~]0ZiE$:Ei’*Ir"L/3° %z'1’.5$z.

J:")1\"'J~‘7‘*4L“-yI\6;k. T")DSO+3"v7‘r~Jl/9;‘ :0)TV)DSO++Jr>‘r~11/6:

§FJ'J75‘5'E>J:0]:JSO+3L'\’$}l/CZ'C—'J15"*—7}J5'§IEC/712w:-1;i’*_’f?fi‘v:E.0Z7;C‘Z)g LEE

@i5&NU?4Ev%E$&¢&tb®7nt1®M#\V1fi§®E¢%fi

:5;U“|?%%*5a‘%‘E-‘//'17*.imtL-25 57/f I\lI/‘("55’)'?:§§’i;,/Kb2Z§§?E§?Lf:iKE5f§§5fi

'c|:'.l?H (tfiEE%%08/O74, 9 1 3) 6Z‘f§E'.fi‘5z?L“CL\E:o :<7)J:5ZCJ:‘9N

')7'%1:"~-/}\

ii‘ ‘é%L:f§:ET€>J:5L:\ -‘-I-~\’Z"~JL%?fiGZ$|Jfi1‘5z”L3§a.) %’|¥%C-:};—a“<.’HHIB75*

7.‘rCt'C‘E-:3F,)Z>755'. f\”')*7‘»r€*m~v7?5.-I:U1'*‘)5“4t?J5§6;i. fl/‘7.‘r<t%»#%|HZ

%31«\'(\ ISUP‘fl0)fli‘.0)1‘§.5}Z¥?r§\ if-:éi\ -?"~\’>‘r~JI/:L:l-7 F-%‘F0)J:§E7r‘%EJE§?r»'?

:'.:E§i$'.3‘?o3'J€)1*“%fi»'Z%?%6:(I;0%Efi§iLZ>o

§R®ISU100fl\I§~#:EtTOL%®HflE@fi§E\ISU1

O O0)"-7"'—57'fEi£tZ;IZ-fi73."§‘;"C0’)7D-v7Zi'd:IT£L\ -‘§fB6Z\ Zfi”Lf90)7U-V7

E%h€h%ET%HDT&%sy7nmv7¢5°1sU100m§t.Efi



Page 339 of 519

(33) %§3Z10—513622

59547E§7j3H§!§.:§?3iU'5*1’I/’{7FJJ;3HC§.§’5:T>?$fi_é7’2:cV)0Z¢lZ‘§’§$h3§fiE9)”¥$:'IlZ:'L

.5'Jlf$E‘5E??L\ HO‘ :fL80D>UfiF§0)i%H_<E‘HDT1 2c:f:i%3‘é° éua.',:\1

SU1 oocix HDT1 27bw>;€>$IJ1“ifl-“f—775:iE€<ie§L\ Ho‘ '§;'f§"*9"E>o $60:

357:‘ lSU1()()6j\ HD'l'1275‘4>f%.f§'§’:‘iL7'::$I]{fi|]§I—§%_=£l-$f;"E’<3'Z>3 :03

fiW?~§@fl@Kfi\fiE&1%A1OBEH&§4+Ev7%%$ww%¥

’C7i~§J¥J%fi‘%>f:ki>c?')2< -V-I:-J73"€.‘§.z”L'Cln—E>o EE'fir’fi‘}|5I'~J0:\ ISU1 0 0ci\ H

FCmfifiivF7—711KT%E§fl%N7—E%KfidWTlSUflW%

F%t:fi’9"EzQ :0)ot57.:c1~"‘7—1§w‘%'k LT‘ 5"'4’7“L~~/717 2.11/7/9“/7°

104#%%$héNv—E%109fiMméflfw%9

HD“t3HéF—7Nx

I1“\1T*'T"§‘.’>7JI/57—E"1‘JI«-'(HUT) 1 2Eiiifiév33—57H‘%\(-Z§§T}‘Ew§¥3fiEl?El7ZC

1fi§*J”r’f=E‘.§'c’£'P5Zb:ifiK“%»¢:!;#:'-3‘»Z.wo 3L:fi‘9“$:36:. -irx-:xT\T7—7/f‘/,’?7.m

—X62G::¥'-SW3.-J?i’~~y]*‘7—7%1éE-’:. T”3%?§}‘5"/XS‘7§714.5:6’)Ia::nEJ0')5“‘

—,9J\°;1£:. TV)JJ'|fiJ0Z5L!‘f. 5€‘i“L%"1"L_ HDT1 2|"J¢)DSTU48_ CT

SU54filflCXMU56®EV1—w&fifiLT£A?w<oHDT12W

m§?mDSIU48fl\$vFV—7fl840mDSI@§HflU\Zwifi

mLf%HWotfifi%7¢~7vbm¢&:tm;vf\24%w$»#6&

52. 5 6Mbp SC7)4’)(7)1F5§E§fL7’.:DSOf§*'§+<D5‘*—57(D?fifL’5:££JJJZ.fi'%-k,

Z®i5&?*?®fiflM_CTSUlfi76tWfiflé%®T%%oCTSU

Ahw%4mDSOw.7»+7b—Am&4EV7E%mfifitflM/X?—

§’.3<,><~-,~lz—“"(7A)?~_’f1T:i¥T?a9$E~i)E'v I~%:H1Ju©‘»:..:ao:J:<»'C1I%

Eéhéo9%E®Evb%%(NBS)d.%Q®7u—AtfiLEfiéh.

247V—AfiEfi0fiTi5fiN7—7&EET5nC@N9—7fl_$v%

7—7#8®%R64kbps®DSOE\72kbP%®DSOlE?vEV

V¢%¢C@l5ELT\#4®DSIEfWWW%&24W®DSO%«$w

hag ${2lx6’)‘|‘fi$|§z’}:j'EC:7.vr~—‘?~y I~fl::S:h\ 4“J0)(;TTSU]\jjc7)r§-*:L:”-C24

-7*JvZ‘~1L«6‘)D SO+-7*-\>Z'~.!L'7‘fiiJBZ§zVLE>o

93% cot‘-~»M§%(NBs) Ci. 7;v7’~7L/—.I.\a>/P4 E‘/_7‘\ %1E2!29l~“C'?P)



Page 340 of 519

(34) %.§§3Z10—513622

é:a%fia&&tw®E%Evh.Ee%%Efi%\B:w\Dslukfv

$w1:v%tmfim%emDsom%fiLt%flfi%Em%?&twt%zm

§z¥Lf:)‘73':7;‘JA’C‘J/33:0 J_'§‘9% ODE-y }~f§§'€):‘:7§cT%fi‘éG;h J_§E.C’)f§31:“

vb%++$w1:y%103mfiEL.:m+&%p1:vh103nML7

wf7b—A7Wv7Efi%?%:kT%éo:mi5&fi%KivT\7w+

7u—Am®ELm7u—A®DsOnLDEvb®EEEfiA¢é:afi?$

%l5ELTw%¢TUDSOH\WD?w%7b—Afifi%%fiLQwi5&

DS1#%%of$%®T\%R®DSOfi\DSI®W%K%ELk%%7V

—.AEH<'¥3"?Il/'7“?I/—.b.7\J\-/7.;*;7’::J;L'\7—277£’}??J’::7Zc‘6‘T7?L6;f7f.C?>7Z<‘L'x9 N B

SfixCfll5t7w%7b—A7Dv7$tfi?—fiEfiOfifi

Efifififia9%EmEvhE%u.fiE>2%A11m0PDME?Am%7

yxfi—bKfiLfHE%?%&c

g»mHDT12tM.7cm?7%47DSTU48t.lomfifimmn

s UE§;—w50tEfiUl5&fii80®DSIU48fiflH%fléoZ

m%%_DsIUaCTsU54a®fit32fl®cTsUAhfi%fi§h5H

fn.t"B\ fij:28{lElc/)C1TSLI}\7J7Ev*fl #ED:l~fi7-4 v7é>fifiF%?0:iF|JJ$J'C"$

Z90 fi’)6’)4’D€)CTSU)‘.7‘J6.i\ £f'=§§H3JDS I U6ZF5§JEL’CL‘«»Z:7I7*, i;*;a:c\

flELtDSIUEfiELfH&¢PSTUfl\flELtDS1UEfi§fi@D

SIU5OEWfiiét®®WfiflW®fi%%fiLfHéo

%/zauc:TsI_IJdJc-i. fiJk3 21IEla)1 Otfv }\?‘*v7?~Il/%f2?.E‘<5‘/'é7;k75"3I

FJ"E'C“K‘>Z>.. HEi$JJ1)243“"\-’-$11/C;\L]:J SO+%-3ff:i%L/x %’9C’,)%:“r'ifi6if§3' J3§z"L7§rL\

o%Q®CTSUAfi76H.2.56MbpsRf7Ev7%iW?§h.8

kHzwW%7V—AE%EW%T%(W7C)HCw2.56MbDswfiM

\125MsecKO%320EvF®7V—AE%KfiE¢éoZfl8®32

01:» M:?n‘L'Ca;t, |7|7AGZF<'_3"l573:7}./—.A§§ff'E_'7'J’37';E§3"LZn¢ 71/-4509

fifiiIfrH~—*r¢:a‘»3¢7‘%> 41:“-y ha;-’%“=v~y7“1:“-y r72a:\ 2fiEIo)1:“-:2 bffiufitziacfr

Ei—0)?7-“r47'N’1L»16’)¥+2‘rfI;i§L\ E0051 31:"-y 4:‘ f§J“I‘é:%17::wo

288T:;"~-/T*73F3“C'\ E?f.?DL7’3216‘t:"~yT‘¢i\i§'$'\ 74 EODDSO+3‘~K‘?\lI/



Page 341 of 519

(35) %§3Z10—513622

§EE¢%;Z®%é\%Q®DSO—f¥$wfi\72kbps(8kHz®

7D—AEE'EvF)®%@%fiLTm5°E0®72EvFfi\HMW&D

SO+/\°»f :z—}‘~'—1~»vz‘~1I/a LTH§{"2”C4’<S73‘.‘?LE>o 71,-—Aa)nE:"cf;%0>8I;"-y }~7

Alli‘ f¥HE[?‘7s’L7:f\v"I5?'\"‘/7"t'"/ }"C"25‘)§>o

HDT12®7ny75;U9¢A1nv%§m1:vL54(CTsU)d

.fifi?8HmT7?47CTSUAfi$—?flfih76WBWfifiE%HflU

\ :é’L%6’)CTSU]\jJ7“—7€)i}rE2‘176t\ nEij:24{lEl€)327’rJ\~7‘r~1L»7fPB7’;c

>52. Bbivlbps€3H,JJ77"—§6’)i)‘iE%L78}:7)4;JJ§f§?fi’i"H5e ::”«:. HHJ

?—7®fifl78fi\HDT12@37v717X71:vF(CXMU)56

KXfi§fl§oCTSU54tCXMU56t®fi®?—?®fifl®7%—7w

Pd“CTSUHfitJHfl%o%Q®CTSU$fiH$fi.CTSU®l5E

11E>'Tj<3 2fEle751 01:" ‘y ]~0)§*’v‘7?\JL'3_“fii¥‘§“?.':o HE>'T’1‘)J0) 8 £0)-7*v\*»"r~1l«'€:1i‘f§

"'E+’&1f<i¥'€5'Z17J§.5'§0(/73%T§5i1E§J3H§1“L,7§Eb!‘, §-/zc/“_)C"|“SU.':E.7'J6i. 2. 5 6

Mb3sBT?Dv7fiE#&§fl_HDT12®8kHz®W$7D—AE%

|5Z|flHH"3‘5 (‘3(7C) Z552. 56M‘r_>T->s7,7{IEci_ 125}.L5ec_‘V_"TJ§"3

O "~u1\s7),71/—.£»J¥J¥iHLZS<‘\IJ7IS‘§"Zab«:wJ:57§r7L'—.£a7rfi&Gi\ PifJ'i$L»7*ci

"SUAfi®fifitfitT%%o

H ‘12u\ 1/4I)so2v7vb (léktjps) &fi%w95;zw§fiw

Efif¢%%%%fiifm&c:®;5&fi%u\CTSU54®—%T%é&

/f.ZA_Z'Cr~v}\5dffiDJ-V7DZlV)E7r:I€§1‘Lé..:(/C>*<%é’.'. CTSUU. 4096

K 4 9 6 :7) 1 D S O1iJ]§1%ii‘-fifiE"‘é':’~_"i»ifiTE> c; f:7‘5 L« \ :IZ"9” L’ %>%’C 6")?

4Axmv%#Eméh§bH?d&woEfimfiwtbwfm,CTSUB4

ii. 5%4753'Z4]Z)SO//7TP3>73fZu28{|§l0)(:iTSU7\j‘JtLr’CEiEE”éI&"L7’:EE7EfiC6

72fl§l0)T”?DSO\1\”’}‘“‘>'}-(T’.:<‘2b7'r3\ EEiiE2688-E031/4DSO!\"¢‘

vb)EflAébfl1”mE¢%::tio1.%4#32mDso+#a&%

24{6’JCTSU7xjJt LWTZEEE?-§zVL7’.:HE:"zjt72 O{C7)‘F'J DSO+/\“7-yT~(

j"7.:;.‘2b1’9\ fifi§28801|El6’)1/4DSO/\°7-y}~) 75*'£|:fl‘éI?L%>o



Page 342 of 519

(36) %§3Z10—513622

"/X"7‘.£~ali~ 3*? }*‘7—7*1'.‘/’97::.—XDCBb\'(\ fij<6720)DSO+1\°‘

fv I*O')XJI/—7°':! rE€L"<m& 0 7”.:7”;“L\ CT SL'Hjj]0)$"C a)%1:§7bi‘fi§fifi

fiézaaéiflféfiflzsuu $1,‘ <:TsL‘P'a0‘> “<:TsUtHJ" fEJJc:'co72L1Lo'>

+%%wfi%§T%flé¢8fi\:m:kH\CTSLmh#%$WKflfiéh

fl::t%_"?é‘.|l5E‘9”%g\

77f47CTSU54#$®80®77?47C”SU$fi78E%ETé

t%K\%QmCXMU56fi%%§h%o80mC”SUHfiH\2.66M

bps¢:'C7\:'~y7§§‘.E75“7ZC‘éfL\ §-’?03CTSUHfiJ6:l\ fifi3CL«f:J:57iC32

.’7TIJ_)SO+’£'f:Ei§'9"%>o C:§'L¢_>0UJ_)SO+6i\ 55¢; C.x1v1Uc-:J:V).%1J_Lf:1'&<h

\ %»za)uso+¢:i'a‘L 1 02.§I:Ia).r\“'J7’*»rt:’~yM5*fi‘JJu:H1f1 O7::"~yT*~7)D

SO+2§*‘§EJ5E?§i1.»Zwo :i1.f;.c7D1 Ot“~-z I~JJ1\‘“7x-I I~Ci\ 1330.. NR?» (9%

E€)1:"~-»1~f§7”7') . 1\"LJ'7*41:‘-v1‘i7”:£;’(€‘-§’4’V:?7‘[J'?q’E‘-VI‘

§%U(E7B)¢1OEv%®N7vFH\HFC®fifi$7E7—711L

‘CT SU1 OOI5Z||3J3’J"J‘?:ff<i3§I?L,Zn€":*—f9"C’zF)En¢

T03‘-‘r-W‘-IL'€DEF'C‘§‘$5li‘i“L%: 1 O%§l0Dt“v l*\ EBB‘ 3“-§’»‘f‘/'?7""J'79

41';"~VT*6$. ISI_IG:’C*7‘3—F§213‘:~v7§2§1%\.,?§1BbZ\.:0)*?“—?/{V

'T‘7"'J'T‘-f E:"~vT\6i. FifJ'fiL»7’:J:5‘§CJ:0‘f‘«\*fi\JL/E=U)?‘fJ7I‘3fi‘%»%J\°fi\JL/nitififfi‘

»Z:f\°')5“# Ev T‘-E‘§HL’-f$EZ‘§‘»'s.’a7’.:zV>O:1”=§}fi'éz”L«Z:.) Z€DJ:5¢:L’C§l3.EJi§

If’L7i:J:’)fi"v\*Z‘~II/0")J\°'J7*»r Ev }~Ci\ T'9‘I'«\*7T\J/ifcdzkj:“)fi‘*\°7?~J[«uL::2*5C‘T

5§::I3-—E51'%H_<T»§:%;€)’C‘3?>'9. ZfLf,P5)fi"‘i»E»J: 573?‘?-v>1"'~}L'<7)1§'=E§if:n5iE'3£

¥E%%€':r‘$‘%7C:?siDt:{',J:'F1€§2'f’L%.,,

J:")7J’F'III'»Z:b1fl’C\HEJT%iEi@’J‘Eni3<’fl”7f|'I'5Jc{)N’_7\6:\ $5?-”.iE*J¢:\ HDT1

2€)EJfi*¢>:)JIIE7Trric7)2<'2%§§c:§Lfgck57::{>a>’C'

EEIZJO fF'J;?_li'\ 1 07 0)1‘;"~y F-CiC-XMU56¢:’C3U_L5$§3"L\ CXMU5675‘

%CTSU54mfifién&E%fi\W7A®7¢—?v%E%0TH&?

DSU®fiW7FFUv7¥4b4fl\¢Nf@¥—9N1KOw1WUT%

%oTUCTSU$fi#%CXMU56EfifiL\§$E\HFC®fifl$v%

V—7EfifiLT1SU100K%L.§BK\ISU100@%HFC®fifi



Page 343 of 519

(37) %§3Z10—513622

$vF7—7KEflTCXMU56§fifiL\fififi‘CTSU54EE%iT

m%fi%&EEu\cnmafimmfififiéii:\LDfifim;oTflm§n

5°—%mmwzd\NzmBHéEflu\%4®1sUmowfwE5h5o

:®$fiELTMiLfiEE#\iLM7V—A®fiK&0TH?H%%.is

UEBWéNXKfi¥?EE§HW¢%CtElfiTEE@E§f%§§fl5o

I17’-V71‘?7\571:-~/}~(CXML')

jTv7X7X91:vES6(CXMU)M\H3E%¢l5K\37v?

X7X?fi—FD§v780(CXMC)t\7X73?v7Xfl—F(MCC

in :'E';7_:~ZA82}_’.%€].«.tlr"Z9c E,%i£I_,7::=t.5L:\ §i—<7)HD’l‘1 20:63:. 234:6

oa)cx_\x1U5bfJ*‘E£tc7‘»3é1z;6o :n£30)<>o7)cx1v1LI 566$, 3i*9‘c')c.x1\/1

U56Efifi¢&Q%QWW®CXMU56fl.6MH7@%@ETE%?%l

5Kfifi§flTW%o§EE_%Q@W®CXMU56fi.~OWT7?47C

XMUP:\ X57‘/Ix"/f0)CXMUt§'€'FU° :¢>:k5c.:L’C\ %»:a>c><MUc:

?FJ‘L/ 1.‘x"J‘1 sfJfi'<§%/*.""%TJ%51’L%’w¢ IXl3LZH_<’9"J: 5 6:. 4%-’Z(/”.J§FJ‘V.JF'Lfl}:'<f_JC'XMIJ

(«:i‘7J’L\ J:”7?€E*‘:§1«-J-N1 6fJ>fi;€)J:*9%iE*i§’F~—577f7*‘f§¥?éé‘i‘i’L»§:o Fi7?s5’3CX

1VIU§¥. IEIEHE5/1"/2 2§~“:3’TL"CT")'€§E 37‘/.25. -V5‘ 1 4CZfii£‘<3‘Z>§'éiJ’&

‘H-.5.-‘go :s7)ir%fi\ l$"J‘1c’,113'?‘<§E6_"%fi‘9"éf:-.’s?)u5:\ ~’D0'_)flé'Jfi111§

7'3.v"<7)A75“¥>}€§3’L7aC7)E€t‘C"Z9‘)rZ>¢ CC‘“C"\ 1,‘x’Tf1<7)1:i"{.3;§tC;i\ §-/26/")%‘~J‘o’)~}3'C7)

CXMU56iJ*i£f§$f:Ji;£1é'.0:1iJ ‘é1f”L%»:é;’i'f3‘.|1:T=3‘Z:ao

3‘7’~V7.X’?.X57J5"—FD3/“~y’/ (CXMC3)

CXMU56$O:n‘”7~>'?.K‘?.Z775‘—FDSfv78U (CIXMC) (8) G:

\HDTl2‘%KCTSU54®?—9E%t\HFC®fifl$v%7—71

1kT¥—&&%%y1fi—%¢étmw%¥A4V&7;—1awfiw4V9

7;w;*—XE‘TL%f¥E?'—Z)o CxMc80ci\ Mcc4:€—"A82L:$r~m‘»:):Ei%0>4 >15’

7_~:—X1;7’;cZ>Q CXMC80bi§i;”;, HDT1 2t‘ 6MHz0J%l§Sé'C"+J'—1:"

XflWEfi5$f®ISU100tmET§fi1mflWEfi%@ék%®ISU

§}J{'P'7‘-‘.*??~IL'}~‘?>"&"—f‘§6’3fi§fiEE’iifi‘T5‘%>o ::“(x CX1VIU56¢i\ GMH

z®%fiWT?—9®F§71fi—FEflW¢%oH8Kfi¢l5K\CXMC



Page 344 of 519

(38) %§3Z10—513622

bin :2‘/}~D—5%3J:U'\:'-‘y"-y78'—*1&. F”)-?'—9EE¥fi88a\ J4‘?-T*"—9£

¥fi90t\ "'/"""—57/1"/7"*7"‘J*.'f*»f92k\ IOCl~‘7"/&~—)\"9b't. 7/fiy

7"‘/"z2"~I/—5794t75:fiL"C'b\E2o

r'V):?‘—57:*£ffia88.5i. C'l'SU'S4fJH?>i‘EEz:h.éf:9t:‘--/T\€)*f°<>>?~JL/79$-

?-\/I~ (7/\) #31391 01:“-y}\0)?‘-‘rZ"~}I«-7.v1‘~—‘-?-\/1*(?3€7B)J\6’)2'Effi‘i’Z’

fifiL\%U®T0f%$wEOHTHFC®fifi$v%7—?11LT???

:<:rf‘—T~§:fLZ.>fi"—74’ ‘/7"*7“1)7"*4l:“~v1~£»$E3Z’9I“?En., :a)i%*%?\ fi’*"—’74"/

?7“')7"*4t:“~yT~ci\ %?§f{1\"U7"*4Ei%L'CwEzQ é<fi;c:\ T’)5*“—§7§?fi88

ii‘ f§‘7§f<}:"1u—"J€3lr<‘ 1 J-‘O1\"~-/7?Effi.?_'C1:\E:° .:(?3l-“lFOJ\‘--/7?6i

\ |"”)C'l‘SUtfijJCZ“CT¥E3“Za3ZOD9?-\”*:'7”E~7T~72‘ 74 (71%)?

HE*9|?4%< ?’:irf)b:f§iJ3H?_-"~:i’L.. H’), :zyIx\:z—:“72‘5J:U~“1:r§‘~,-/7 84€)?fi|HiE[JG’JT”C“

10§am%—§47f

7')?! Ev F7£'%-Q6/TJ*I‘=v7f~Il/u5ZT$X5"Ew?*:-1¢u5Z1EPJ§1?L5§:<.J:0fi“'—f9?$5¥fi

905:‘ }‘7;C<J:€E;—’)0)F 1 1:O}\I“V77’Z"_"'ffi§/{fl/‘%Jo :0)F I F01‘?-77

Vii.%Qs?DJ:V)3"\”7?\Jl/DZ’FJ’7J|1§i17’:1 O%El0)1-;“-yl~ (~”r'‘—5’4>'~"r7‘‘'J»Tr

-{ ‘CW2 T\)é'§3fflfiL.-.F;d)§¥1flfi¥'..’j%.E L/C?%I5fL7‘c'f§%ié*'7""—9/f ‘/7"7"'J'7‘ -4

92¢Z)i’3flUo 5330:, J:0§“'*§’E?§%90ii\ I 01:"-7 T“-0)'%*\’fi'~Jl«v”)'7‘"*

96/”)iI'TL?L (ETB) 75>£5\ EJECTSUB4L::'i’1Efi©"%-f:8sf)®9T:'~y ]\s7)‘}"\”

>?~Il/77r—'?‘v I~ (IzI7A)- mo)§i£aE%fi©“»Z-)0 :0); 57.::a‘r“—57§1fic:‘ :1

‘/I~'CI—3$6lE,'<‘D~/'-V784o1)fié|Hf‘e[|d)T'C‘%E?:r€§2f’L%,,

»:C",)fl‘/T\\f-'—'3"i5J:'()3E!:‘/’“/784éi§f.:\ HFCI-r/)$~‘/l\*}—7 1 1J:'C‘

$351‘-377\rl<’—I‘-E???7‘;?s?>0)|1¥U'HLfl£Ei233J:U3'-3‘?fi'\/‘L'§'J¥’C’£*"5£¥$fi‘»Z>

‘éL3¢:_ :1‘/I\r':——7§5.J:'(J\“T'I:>"'-:»784.5:. ¥u¥a‘£-c:t<>'CJ§I5EIJU)TR~3

03fi~Ex%%¢fi—Ex%%%fiT5tmmV4+3v794Axm»%%

£1fiEmén%l5&%—FEBw1,HFC®fifl$v%7—71lkT®

F57fw7@fi%$W%EEWfi¢$o§$Eik\fl7FW—§84H\6

MHz®%fiEEhT\+#$wKTEféI3—®fi%$WMflEflfiT60

::T\CXMUM,?—?Eb?y1fi—%L\$fm1sUfi¢+%$wfi



Page 345 of 519

(39) %§3Z10—513622

EKfi¢%77%W:7TD%flwE%fiL\%LT.fiE¢éMCC%?A8

2b:i'TJ”’9"?'9$'JT$I1%’§'E'??’9"é°

-?‘—9»1’>'-?7"')-1"‘-r 92a'>IEE%c;h LD§E%fi&IEE5.§~90o:otE»%»za>L*9-7w»

;?»1Lx€)1 (J%H931:" ‘V ]‘<73E3Jr‘fflfi$"firfi0)H":,JJE~"_'51EfE’5"?f> 0 /1\'%'%HH0)i/,7.:r.£\'C“-ii‘

:5'JlfEF11¢:ll=FU°"cH L»-E1!5‘9'“7éJ: 57fr:I'-*ez‘)fi7i:ifL7”:+Jv>‘r~1L«L:§m‘L'C anén/‘\"J*fi" 4

ffifi§}J'C"a*)%>:&/*fi'f§‘<§E‘é:?1E>o I SU755'{7I?JL~‘{f€.§;'.é.6:7§cv: 7*:&L“=C-Edi‘ *DfH'fl$§

I?1fl’J‘?fi'[‘$'flf.

1,721sLI%fiy:<s~v&75¥r$JL'9*35a3fg CXJVICLZJ:V)%fi'§§%LF£>f\!J'?4

73§*|1fflfi€:L‘dZ"s1”L’£>3H§}J"C“€i7§?L-‘«° ::’C"1*fi€tl:'i‘hZa!\“'J7*4I*3—6i\ J:U")‘-’r

$WKBH%%EI5—WwitU.L0%#$wflfiE¢%T0+%$wtfi

0“T%»i£f§:II.?—0M‘«'9"‘?L.fP“-C“?)»Zao

CXMC80€)ISU§ib-f’E-7*~v7‘r~}L-(IOC) l~3"/=,'—/\“966i, :z*/In:

—:'5JF5J,:U~':z-‘/“~:z7847'3W,:c7_:.><vJe—§i:f:6:$U1fiI|5*—59’&1%'<}%@~"%7”:érf:JJi£

-f§'1\“~/77£*7{sTL“Cm»3o $502‘ ISU§?3-f’F%-v-fi'~1l/l~373-‘-—N9 66:. 5E

f2fS'C“8J\"*f }\0DE?E§;?17”::-%i5’5:7E‘5J‘%ffi'JTfF|1.X~74::~—§&. HFC0)53"‘a’i5r~~‘/ 1*

V—7llLTwF3VXfi—F&fifithmMCC%?A82E§H6flt6

4kb1D ss7D";“~\’Z‘~11/I7*1L:Er~I*'~‘@‘5S.3o J:'97Trfi6Z:F5h‘(‘ IOCF5

fi\MCCE?A82EfiLT64kbpsw%v$w&§E?&¢CCT\M

CC--‘E'?‘.£a82fli\ :17l~EI-3i'5J:U‘\3>’~>'784t-ZJ:§E2<v-?:->’EEf§*é$fa‘@‘

%\,

3’/fE‘/7"-‘/":.fi’~1/—&'94Gi\ HDT12I*Joi>‘7’77*-17"C:TSU54:?5J:

Ufi§HCTSU54®fifi#BE6h&fiEE®&X?L7Uv7lfiE%E

Ta“ :o')J:57.i:~‘z,7<~7—JA7n~~/’/£1. 2kHzo7)HF(3'?)l/‘F71/—J;f§7E7"’x

’§:'Uo Z6’)IIFC‘?}1/'?"7L'—.£a1§*:7“'Ci‘ IIFC€)'§J"§5E/"f~'7 }~‘7—7|*JO’)§E"(0)

|?]$EE«]E'|H:i>3H'&‘§"J‘/']*"T*‘J~77°3Efl0)|E]§HE‘t%)"2&')b:, cTsU54L:i

Ofi&§fl5QLfimHFC7w+7V—A@%fi\ISUflfi%%$wL®7

wf7u—A®75%yxyL&%fiTétfim\vy$w&4Eyfa%§y

X$—%&X?Amm%®¥—§fi$fik®fiflEt%t%KEm§fl6oCT



Page 346 of 519

(40) %§3Z10—513622

sU54#ecXMU56REBné32+viwm2.5oMHz®E%®fi

mm“¥#vT"Ey%Efi%?étbt\8kHzm7u—A%%fifi%§h

sc:Nu58.:s¢kU‘c:_\;MU5ru¢:f}E¥é."9*2£>7::ad>t-:\ c'1‘sU64¢;._l:U2

O48MHz@7Wv7fiifi§flé9CXMU56fi\ISUfiW?#$w

%\CXMC80€MCCE?A82&®E®E?AfiE®tbELfi7Dv7

%fifi¢5>DS1U48tCTSUS4tmEm¥—9E%mfiE\film‘

CTSU54tCXMC56t®fi®?—7%%®fiE®tbK\2.56MH

za)t:‘\y%7\3‘:»7:5'-‘fi‘éfii'a‘HL2:)o CXiVlC}:iVlCC.3:0)FEfi<7D1()‘t:'~v1‘5"-5?

%w$w®fiEmnmm_20.4aMHzmEvF7nv7fififiEh&o

'?1,’§'—-:17":-x71-.7f?—F' (MCC)%'7".A

cXMU56m729—-:7v7z-fl—F(MCC)%FA82H.HF

Cfifi$v%7—711#&fiERU§%¢%fib,CXMC8OKfiT%—F

1'§'.'J};'€'-uei’fil*:‘?‘/213~:/:7—14};1/&—/‘<1 E>0:$"~J“§‘ZnHflJ7'fE'.'J’&/f‘/,’9_'J_~r.—;1

TéoMCC82M\Efi?~7tfiW?—5@OFDMb3VXfi—b®tb

-$:E“':r“".A1§'fiE%%fi‘€}“»$\., >‘(30),7"1:v-:v7§"'/f7’7"'7.A6$. J:“)&U“'TUiEf§O)

W%®t@EMCCw%ELtfiEEfi&fi%Té¢MCCE¥A82fl\CX

MU5ec')cx1v1c8O>i-j’H,’CL1§H1DT12¢:i*=M“Zwr>’5’7;~2£-?%-a

fw&m®T\HDT12KfiMTflfi%V;—wTd&w¢MCCE¥A82

ii‘ HDT1 2€Dl~3‘/1rI‘~"'—l*\‘/7\'TPAEIJ‘>r7E.§E3‘<, :a),t5o:_ «irflo:

HFC%fi$v%V—711LTfifiF§>xfi—Fk%ELtfNfw%#%

fififéthfifiéfiféoHDTl2mCXMU56wfiMCC%?A82fi

\%fi$—9&%W$—9F§V1£—F®tb®TOXN7FwtBwT6M

HzwfiiNVFE%%¥%fl%H6MHzNVF@FWfiW%fl_CXMC8

OtMCCE5“'J.»82€)F'aEJC’)IOC}~§>’&‘—N96‘&fi'L'(iEf§’f>’577;:;—

1 I‘_'C"CXM

C8003; ”)7"'é?7TEH"-JZc%;0)£fi‘%>:. 75i"("i%%uo ?E§fiEi‘(J~'$lJff%l1-“r"-fi0)T*9i¥_-{E

E71‘ W72575115800NIHZ€)RF'X’<.7T*J[/I5Z?17)%>., %-MC-CT:5"'i\820»i



Page 347 of 519

(41) %§3Z10—513622

\ %57IP4”o401VIHZ0)RFX’fi7}~JI/P'fl‘?‘ISU75>6$|Jffi1'7"—5’&'§§E?—9

:f’%€‘TE>7’:<'>‘f)\ J:’JXJ\“7I~lIzC:Bl/\"CH%u%6Tv'[HZ%3%Uéi13:I’Lé9 ‘UK 6M

HzNVF®EW§fiEfi\CXMC80tMCC%?A82®fi®fi%%V?

7:_—,7<J:”C“CX1VlC 8 (Hz: ")%2.?EH4J7:c%Ja>k.'q*»I5):t7:i‘f"%é£ao

MCCEFA82fl\ifififi®i5K20.48MHzmE%®%TCXM

CSOZPBZ56DSO+4‘-\*>’5r~JL'Zi"i‘H%>o MCC-*"E'7“‘.Z>.82Ci\ ’§"'?"LZZ

:'<-‘§%%§~n%7!,-fi:J: 5 c:\ O FDMc:§o"<7;v%3e»v1)'z’££§J%J¥§fffi£»F3lw'c:a')'rfi

$E¢NT®ISU100EEE?é°MCCEFA82H\HFC%fi$vF

v—7:T:Ufi%®25eDs0+?w%#wU7%+y$w&M@L~am

fiWECXMC80%fifl?%20.48MbpsXFU—LKEm¢5°fiK

EfiLt;5m‘7w%#+U7§fi&mdaEfimfifimfificiéififi.

?E§7E.7SiU‘%fiIH$I1'7~“—§*€~yVd€wc::z—F1EL,._ IE?_?II/3’“5\"Jv U70)-1:-y T~J:OD

$%aflm?—&&§%¢anm\m%m7—u1§m&m&%fi¢a°

yyfiwgwu,TsU100mMcc%$A82&UIsU%$A101m

i0%fi§h@vw%#+U?§%fiW®tmw¢§&§#?%é°fifi®T0

7fF5J¢Z;I':$b\'C. I SU 1 O OC7D‘€T’\"-'C0)‘:§$I§'5i. $#0)C‘.XMU 5 6’C"%$L«.

-EVIL/‘)“¥v\* U7J:‘C‘E§J¥JE‘7f’L7‘.:§E‘%Ciél§3JEI’JLZ{fi3FH¥§'Jfi‘é«o L47E»=L,7:c7bi'r5\

1\/ICCJE-$1.8 2031/=/~»<o:a&sc7‘:;;:0 5/‘/r]‘i'Jl«§§'J£-;‘fi II17‘C'5J‘fi7T~v I~~‘7

-7 1 1 (f)§r§FJ‘,I.‘JT'I€:)5iU“‘I SU 1 O Oo*)%L< 7:b\iEiEfiE§®7’:£¢)b:E1lfifi‘?;-k,

MCCEFA82T®fiEfi$€fifiB?6fib\?

I‘\"Cc/)J:0§Ev“7-'fli\ ia'€b\Lr7fH‘?~—-‘/"‘/r’\]L:%§|J L/7:fH’f.’L5j'7:C1:)’:f3V‘o F:z‘1€i\ 5?;

EvtlSU100fl%L0§%HE?NT®%wV$w®&V$wfififi‘%

z‘1,L‘>7EfiHDT12L:§|li¥fil‘?$)#t'C‘§éz"s?IJfi‘%.J: “)7E:%I SL710 0!-:§5HE$>§l§l?éFI

fi"'é7:<*JE§l1\‘?2<—5’€iF|JFHfi“:Z):t£.:ot‘97§:2“é:fL£.’ao :fLciL’)EJ,HH7°\:»+::<0)

*%|?'C"2E>0_ L‘l'Ft:§Efl‘éi'L»Z>o 1][I,i'(\ <7,II»"r5Evv'J 7’0)IE:fi§'Fl=.E¥:E%'.3‘Z;7’;

am I sU1 0 0t:;i:oL*Df:3&o):”;e¢>L:J”FJu:r9z”L?a-fiwvU7’Jfii&fi5H:HDTc:

fibffilifiiikfl -y ?éf:’L7§:DfT3LLCi'7.:t137§:b\o

CXMC8073‘I3_uMCC.E'T*’.£\82¢C}Ko’C<?pT'3'l‘Er?$F<Ci\ N[CCE§‘1\8



Page 348 of 519

(42) %§3Z10—513622

2Kfi%§flé2kHz&U8kHz7Dv7K7V—A¥W§fléo2kHz

?w%7V—A%%d,UTKfiflKEfi¢5l5m\ISUKTO&yfiw5

% E>’7"§‘_»-fLi¥?‘»:ur:e:i>\ MCCE-?'As0L:ot V)JEJn.saz‘1<$(. :0)?1L/',7“71/

—A7uv7H.1sU100T£%F—&%¢%mflAfifE*:afi?%&

i 5 ¢:’9'“rSf:2<f)\ '3‘JT’j‘}I/,'J[:a;”§'£){I-:3¥L'\ 7,IL-4?-56% U 7’71/—.A$%fiSEEn‘<©‘°

2o®kHzu10kHz(E?Avyfiwk$)t8kHz(¥—&7u—A

fi%)mEmfi§r%w%fi§$EfiT°

?NT®ISU1OOH\ISU10OB$%Efl%¢Nf®TU74EV7

%”_'|"|fE'§"»Zn7’::&’). Iifi5§'9*Z»w1ccsE%"zma 2L:,t ")}iE/\'£’~iL:5)EJ,E,H*rfi$l?éE,EI3Ju'x»'5)

t. :€)|EJ=flCi1 SU 1 OU75‘"l‘V)'ffi‘FFz€”TZE3.§J§’s=’“é:té"§‘F’§L\ HDT1 2’C"§

Ht¢&fmIsU100EEfifit£$mEfi§n&9:m;5m.¢Nfm

IsU100:UEEmmwEné#+U7EKfiu.HDT12mEfifinv

7§n&¢

yyfiwgflu.fi%fifl%§.%%m&UfiEk%fifi?&:ttMz.M

CC%?L82®EE®F?T0t:06MHz®H

JiH3“°r*:/?~JL»J:'C"9E‘f?€§z"L\ 76' L/'C_ 7fi}J,HH1'|:tifi'f$1't75“-"Lr:'C‘§EE'Z§fr?.Z5J: ac:

%h3Z@‘Z>;E’C“:7DJ:575:|?JEH‘I--\’>-’5r~JI/6Zf§‘§$’$fi‘%:<, :f'L1’o0'3/'\°3){"57UI1O

C*I"v*‘/?T'~,'I/flfiimfitl Ufifidi-E‘I?LEn° &1'7‘.Acf) '%'l’fEO’)7’:&’)\ IOC‘f1"\"/

$wtHfl%r7$wM_MMCE?A82t.i0fi%fiXM%fi?~§@E

EmtmE&bh%i0¢&m1SE100mfiwflwF—9m%9VX£—b

5’)7i:?ri)0:?=7§r:<>f:i"‘§J¥J.3<5?~.£a%3JfiL'\E)Z t7‘fi'C~'§ 25¢ fi%WJ7;c;E'. 'aTs:;=a?5*'—&’-iii“:

§fifififiE%%fiHf§fiT%:tfiT§.‘fi\IOC%v7$fltfifi?

«vi/7?~J]/E-:_ BPSK?éE§|§l1%§z7F’Fi"z$|IJ1e‘$C;t£:_Ji 'T),’§E§|§l’C"§$.\

MCC‘E5"'L826i\ ISU1 OOLZJ2V)‘?IIx-?‘5?*\"J7’J:'?‘E§J§J§§:él7§:€-E53

fi""-—7t$|Hi|1#""—9*?_*f_i§L§|?l'.3‘Z>Q C0’),1;"37';cf_3E§Eldi\ '§?.‘iT~'7"/1d‘\"—I~*/X‘:'*

A®fi%®%flWt0wfUTmfifi§fléo

MCc%?A82fi§E&EféOPDM%5y1$—b>1fAu%¢é%

%m\&&<a%mTm%mEfiL.%namEn#fimfinm%fimtfiL



Page 349 of 519

(43) %§3Z10—513622

§E°§:§“L'C'«\E>o Mcc=E--’r“A82c:.Ifilififi-=v>'>?~2LP'a0)1sUi:)%IfiJ:HH’.rL;<

/N7—ym%§LtfiE/L&wEfi$L\:mb&wm&%&%hemEm

fi%4V77;—ZLTCXMC80flfl¢cCXMC80H\%®fi#

mfi§®twK%—M%ht1SU‘OotfififltwxMCC%?A

‘-?‘/I*"5_"§‘,%£+§3‘»§>g. M<;tc.%'~_':'-HA8 " oi‘ Hi°EI7)=x~/n“:‘;L«i3u%»?%c:F+iL.lfiI;.

iwLT§%§htLUN9—7Efl%§E\%LT%®@®fiELTCXMC

80mfi¢5@%&ayfiwEEfiE&fifléfi5:tn:U‘¢Nzm:Dv

w%%%U7®&Vfiw§fl®tbKfii%cCXMC80H\MCC%?A8

2%ir!_-\ LSU1()()(7)&:/7J<‘1L~%§J§l§é’9T3$7":8<i)\ iSU1[)()

m?&xwt—y&Efifi&c$¢m&&%EEfi§mtmIsU1o02fifl

Té:tEfiL.MCC%?L82d.Hfi®%$%fiE§LTOCf%V$w

LTISU10OK;UfifififlyFET§%5htL0vw%7u—AN&—

‘/’&$HI§§§'tF. "f‘L»'C%1’Ll:,xC7.J[dF‘I=]0"’TJ%E':"‘“.Z>./f‘/"157T7m*—ZJ:T'C3{MC80LZ§’TJ'

T&%%&fififi@fiEEfif0CXMC8O@\ISU1OO®fiW®fi%fi

@%%§fi5tm,100100%ry$»L?Mcc%$A82%fiL.xv

t—V&T0tEE¢&a

:fimfi%fifi%%h5y2fi~b®m%

UTfiHFCfifi$vFU—7L11L®%$tflWfifi®F5V1fi—F%

itwttm?%%o DT12®%cxMU56fi.%®%E®:0aT0®

§}Jf)l3Jfl$){i§§".I5I|:§§L«f§[E¥ér\3.5J?’L53.u.». C1 XM U 5 6 0:51: éJ:'“J tTV)mfii‘§m+i$i:§rIIE6;k

\ $/772'5—8OOM zc’JRF_7,f\°’/ ]‘)L=6’)61\/IHZ¢”fi‘ifiC{)TV)f:T:ii'C'EEiT%_6

MHzT%§o

'F0,71_F'IlG:;BL\'C\CiX1‘w1U5 60’)fi-MC‘.C'.-1':‘7‘"Ja82Ci. %*‘1':’FI’~J6I\/1Hz%%

fiETfifl?4V22%fiLT\TU%%%§>ZEv?—14E%fiW?%%

&UflWF—7E%E%fi¢%qHDT12mMCC%?A82#%®RF¥fi

0J£§‘;§t$|ITf|1fi"“—57f§*:J*'éi\ “S.-¥E5i1§*:%L:$?:u"5-}é‘:?L&o ‘F05’-TZ§?3l~‘7'*:/,7\E -y7—

tin iii‘?-é.."‘1;‘:f’17*:?-TZ3<:uf§'r:J"?_'\ —fi0)-f§‘=§§‘éf’1f:T'”)J'ufi7 4-5"'§’1"/24J_"("§E

fi®tmfiEfi%fi*%E%%Kfi?o



Page 350 of 519

(44) %§3Z10—513622

TOK74—f§%724d\§%fifitfiW?—9§ODN18E§£oO

DN18T‘%E%d%%E%K£m§fl‘TOE¥fifi$(E¥fiNvFIV

F'f§‘§$E‘x34’ ‘/4 2fP%) £$E'.’=.“é2?LEfi0)T”)RFHj3f§3b:€c/Z20 ?E§‘S‘f"fiE§“|?Lt

flw?—&&%U£fimHHmhE%m.oDN18u;U4omfim%flH3

0mfi%§fl

'§'§”r'?'ffifi§t$'Jffi11€r""—7T*)6:i\ -§r|3J$FHB§fl%E’3 (')6:9"a‘"fi5{§i1\ HFCfiJ‘E‘fIfi\~v

F‘7—7 1 1 €)|§$fi%|35J‘J:’-f"3€§6;E':?LE>o '3-E§cE\EI’J7Z3T‘9ti3'JRF6i\ FI$EEfi"—7")I/

fJ’?7_’7‘77‘I';:Z}'§$f&‘§i’L\ <sc:m'9*7"<"47"1/~-,:7;<74;1/5?1 04%a‘EI_,7: 1 s

u10o®&E%?A101;T%b%o

RPfifimfiE%d1E§E%fi%fl§§kfiW?flfiLfMCCE¥L82

£14: '9 .. IE,T.'?JI/~7“5?°s> [J T,:'C"Z~§»“:§J?l§fl.7*:?§§’E'f§$§k$'H$|1’f‘-5"i'7HL,TH%w

t- £?§‘|‘§$Et$Uf%|1'TF"'—§’6i$'77fi'JL'?‘—§7G:7v7°€52”L\ 3x‘/?J‘5IL'6iT%?3$7—‘J

—'Ji?:'r":?f$1’§z'1'1?iEJ1|4Lx‘C$*§%i(/“.)E§4"*s*U7’J:‘?f'EflflE5I?LEa., -‘/‘/rI‘~“IL»6i. T-I‘f‘\"E“x

1532+ 1 1 e7D$§éi7i‘~°'f ‘/ l~DZffii‘5fL%’;:$—~7Dfl‘~°"f ‘/ I‘“C"$'Y‘ U7’J:’C"§.€|%Ji’~i’L

%mT.7w%#&UT®E§tE§?w%¥vUTiT§%éht&7fiwm

-‘/‘/rJ‘;'1L/¥:’§|J6;t\ Iél§3JEl’~JL:HFC:fia‘fifi‘~~v 1\*)—’/J:'C“l~5;/.:&rl=’—I~ci)7*:2s?>L:

%§IJL\ 3:1,?‘ 'i1%E'rfi$=Et$IJfi1l7”~"~:7éi. 1Ea‘~“zA1 0 102;“) I SUI’-'fE§JEJ:$

zhiiuo

1SU1OOM\HFC$vb7—711®Hfl$fi®Wfl7—7W#8§v

7“%HS(w.7":RFf§%’é_>F£H»'3.-.,. ISL? 1 O 0t’/1,)1:z1:'T:"7:~.£l\ 1 0 16:. fEv“%é>f§§Jfi

L‘EmE%wV$wl;v%103mfi%mtbCXSUflm%102tfi§

fl§flt%%fi$t%W¥—9§EToISU100d_%%fififiMl%Xd

Efi_K7Efi'{ai:57*:2<f>-5:§¥f1"éfLf.E>»f ‘/77:.—,7<é>fi“9I‘,.

HDT12®CXMU56tISU100fl\EE&X?L10®:fiWH§

fifi¥fifiE&X%AE%F?%QCXMU56t1SUH\%fl@i,%¥L

1.i’§fiE*E*‘5?é’f‘“r©‘&Q 7-L<f?EFJ3Jt:J:% }"7-I/’,7\7j‘\fl_}‘2\/,7\‘iV:'J>.£':\ T*"7":/,Z7‘»“~—T*:‘/.‘7\

-7‘.A6')f:£sI‘)s7)=E-?"A1iEfiE‘f$’5:%?:rT%’.>f:KI‘>3’J6’)§'5e7.Zt->7i:°E-?".ZA?:5F'J IT/Z>Z E.

fiT§%;%1®EFAHHDT12W%CXMU56KmE§flh CCE?



Page 351 of 519

(45) %§3Z10—513622

A82?%§oWiH\HDT12u.77?47Mcc%$A82(E3)?

fib,%fifi%ayxfi—b$vb7—7&fifi%<mIsU&fifi—b?é:

k#T§%,MCC%?A82fi\HDT12KlU1SU%%W¢%t®fim

%—&%5yx£—hafit<£%fifi%3>2m—bE%fl¢5oMam‘fl

m¥—7@‘@:L%flxvt—§\¥4+Ev7m%RU%£Xvt—“\I

SUWflfiWXvt—§‘ISUE?AflmXvt—V\f¢V$wl:v%fi

%\MUflmISUfiW.%fi\fi%.fi%(OAM&P)fifi%F¢%:tfi

T%%c

$20)~’&'7*"Afli. £i—"??fi§031Jl1/\%.>Ui£'ii:EI’E1i1£E;-L:‘V f‘E*f7i‘\‘—T~'9‘E>

fi:&’)¢Zfi'i7a73H 1 SU5E7""-£x'C’%é‘, %0)7:<¥?>\ 3XI*75*‘f«EE<\ ?§fiJ‘2'$ffi€i-’x"7;C

hofi3®E¥AH.§fiMl%XdMTSUE¥AT%U‘%flfi#$KiE

7&1/“1:“:‘./“-=?~7\“‘7‘-1:"7<0.7fi73"¢"'7‘71'~’—I“5“?o:?;73‘fl?6?i>%z*1.“CH%ue

H SUE?A&UMISUE?Afi§O#®7%~A%t%:tfiT§%o

ffiJZ'_a'/zi‘. H T SII5E5‘".A.7SiL“T‘n/I T S II3&fi“".£»«5i. 2lS§%HJ1J<7_)1§§/<'0.J%}I}‘£'1.177JL:IT‘4§L.’€

flTKfiWEEfiéfléiJE.HDT12#BEE§fl%7wf¥vU?®¢

$&%fiXmHDT12#aE%éh%7w%#vUTm;0k%&%%mA%

WOH¢Zt#T§%oWZfi\HISUflHDTl2flbF§V1fi—F§fl

t%%fifi®20?w%#+U7Xd10N4n%F%vV%w%fi%E?:t

fJ“'Z"'%\ MISUMHDT1 275‘8}\5‘/'/'17I‘~"—l\§i“LT:26O?lI/*I‘3'Yfi*U7’

Xflil 3 O/\°—1’\:'-—Ff-V7?-lL'fJ=5;0)‘f%§‘|fi%1?i§tfi?‘C2;fJ*’C‘%%Jo ZIFLI3)-‘E

7_‘".ZAd)%’Z6i. HDTl 20:; V) 1*5:/.1711‘?}\2‘§2f’L?*:fE7§*75‘vBH%|J1fPfl*?"—5’%HX

"9ti’9"f:<‘&’)/fiJ‘%EL«7‘:'%f§fi1Hi‘. Ei'U"HDT 1 275>f‘o I\3';/.Xri‘~"— I~?§1’L7‘:‘?IL/*3“

#wU?:?Efiéflt%%fi$&fi0m¢tb®HIsU£¥¢

7)JE7][I0)I/3/—1\"§fi-§"J"£‘FHlArZmZ t75"“rI"§ 550 :zfLGi'*n‘¥fEfi§}~I SU=E“7"'Lx& L/C

UTE§fléh&ofififilSUE?Akt%Emh%MCC%¥A82fi.M

5%’? U 3”‘{‘)§i1“3|-N/_’\biEIE§-"w‘*-‘r’ U 7’7b>I3b\< f575‘—7Y7t~~/ }\ Lr7'ZZ'-".“\” ‘J ?’J:"C“$'J

WfifiE§%¢&:afiT$éo%fi%IsUE?AmfiLf\HISURUM

ISUEFAH‘1sU%¥Amtmn$~by—H%flm¢é:tfé.$~



Page 352 of 519



Page 353 of 519



Page 354 of 519



Page 355 of 519



Page 356 of 519



Page 357 of 519



Page 358 of 519



Page 359 of 519



Page 360 of 519



Page 361 of 519



Page 362 of 519



Page 363 of 519



Page 364 of 519



Page 365 of 519



Page 366 of 519



Page 367 of 519



Page 368 of 519



Page 369 of 519



Page 370 of 519



Page 371 of 519



Page 372 of 519



Page 373 of 519



Page 374 of 519



Page 375 of 519



Page 376 of 519



Page 377 of 519



Page 378 of 519



Page 379 of 519



Page 380 of 519



Page 381 of 519



Page 382 of 519



Page 383 of 519



Page 384 of 519



Page 385 of 519



Page 386 of 519



Page 387 of 519



Page 388 of 519



Page 389 of 519



Page 390 of 519



Page 391 of 519



Page 392 of 519



Page 393 of 519



Page 394 of 519



Page 395 of 519



Page 396 of 519



Page 397 of 519



Page 398 of 519



Page 399 of 519



Page 400 of 519



Page 401 of 519



Page 402 of 519



Page 403 of 519



Page 404 of 519



Page 405 of 519



Page 406 of 519



Page 407 of 519



Page 408 of 519



Page 409 of 519



Page 410 of 519



Page 411 of 519



Page 412 of 519



Page 413 of 519



Page 414 of 519



Page 415 of 519



Page 416 of 519



Page 417 of 519



Page 418 of 519



Page 419 of 519



Page 420 of 519



Page 421 of 519



Page 422 of 519



Page 423 of 519



Page 424 of 519



Page 425 of 519



Page 426 of 519



Page 427 of 519



Page 428 of 519



Page 429 of 519



Page 430 of 519



Page 431 of 519



Page 432 of 519



Page 433 of 519



Page 434 of 519



Page 435 of 519



Page 436 of 519



Page 437 of 519



Page 438 of 519



Page 439 of 519



Page 440 of 519



Page 441 of 519



Page 442 of 519



Page 443 of 519



Page 444 of 519



Page 445 of 519



Page 446 of 519



Page 447 of 519



Page 448 of 519



Page 449 of 519



Page 450 of 519



Page 451 of 519



Page 452 of 519



Page 453 of 519



Page 454 of 519



Page 455 of 519



Page 456 of 519



Page 457 of 519



Page 458 of 519



Page 459 of 519



Page 460 of 519



Page 461 of 519



Page 462 of 519



Page 463 of 519



Page 464 of 519



Page 465 of 519



Page 466 of 519



Page 467 of 519



Page 468 of 519



Page 469 of 519



Page 470 of 519



Page 471 of 519



Page 472 of 519



Page 473 of 519



Page 474 of 519



Page 475 of 519



Page 476 of 519



Page 477 of 519



Page 478 of 519



Page 479 of 519



Page 480 of 519



Page 481 of 519



Page 482 of 519



Page 483 of 519



Page 484 of 519



Page 485 of 519



Page 486 of 519



Page 487 of 519



Page 488 of 519



Page 489 of 519



Page 490 of 519



Page 491 of 519



Page 492 of 519



Page 493 of 519



Page 494 of 519



Page 495 of 519



Page 496 of 519



Page 497 of 519



Page 498 of 519



Page 499 of 519



Page 500 of 519



Page 501 of 519



Page 502 of 519



Page 503 of 519



Page 504 of 519



Page 505 of 519



Page 506 of 519



Page 507 of 519



Page 508 of 519



Page 509 of 519



Page 510 of 519



Page 511 of 519



Page 512 of 519



Page 513 of 519



Page 514 of 519



Page 515 of 519



Page 516 of 519



Page 517 of 519



Page 518 of 519



Page 519 of 519


