
Case 1:15-cv-O0615—RGA Document 8 Filed 09/09/15 Page 1 of 2 PageID #: 262
A0 I20 (Rev. 08/10

 

Mail Stop 3 REPORT ON THE
Director of the US. Patent and Trademark Office FILING OR DETERMINATION OF AN

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

T0:

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

filed in the US, District Court District of Delaware on the following

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

DATE FILED U.S. DISTRICT COURT
7/17/2015 District of Delaware

DEFENDANT

 

  
 
 

DOCKET NO.
1 5—cv-615-RGA

PLAINTIFF

TQ Delta, LLC

 

    

 
 

 

 
 

 
 

 

Time Warner Cable Inc. and Time Warner Cable
Enterprises LLC

PATENT OR DATE or PATENT '
TRADEMARK NO. OR TRADEMARK HOLDER or PATENT OR TRADEMARK

1 See Attached

 

 

_—
__
_—
_—
_— In the above—entit1ed case, the following patenl(s)/ iradernark(s) have been included:

INCLUDED BY DATE INCLUDED

  
 

 
  
 

9/9/2015 Amendment [:1 Answer [:1 Cross Bill I] Other Pleading
PATENT OR DATE OF PATENT

TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
  

1 US 9,094,268 B2 7/28/2015 TQ Delta, LLC

_
_
—
_

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

ARRIS-1003 (Part 1 of 3)

Arris Group, Inc. v. TQ Delta
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Case 1:15-cv-00615-RGA Document 8 Filed 09/09/15 Page 2 of 2 PagelD #: 263 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 
1 US 6,961,369 Bl 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 2 of 283



Case 1:15-cv-00616-RGA Document 8 Filed 09/09/15 Page 1of2 PagelD #: 279 

A0120(Rev 08/10) 

REPORT ON THE 
TO: 

Mail Stop 8 
Director of the U.S. Patent and Trademark Office 

P.O. Box 1450 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PA TENT OR 

TRADEMARK Alexandria, VA 22313-1450 

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

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

0 Trademarks or [Y'.f Patents. ( 0 the patent action involves 35 U.S.C. § 292.): 

DOCKET NO. DATE FILED U.S. DISTRICT COURT 
15-cv-616-RGA 7/17/2015 District of Delaware 

PLAINTIFF DEFENDANT 

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

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 See Attached 

2 

3 

4 

5 

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

DATE INCLUDED INCLUDED BY 
9/9/2015 [{]Amendment 0 Answer 0 Cross Bill 0 Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 us 9,094,268 82 7/28/2015 TQ Delta, LLC 

2 

3 

4 

5 

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

DECISION/JUDGEMENT 

I (BY) DEPlJfY CLERK 

Copy 1-Upon initiation of action, mail this copy to Director Copy 3--Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4--Case file copy 

Page 3 of 283



Case 1:15-cv-00616-RGA Document 8 Filed 09/09/15 Page 2 of 2 PagelD #: 280 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 
1 US 6,961,369 Bl 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 4 of 283



Case 6:14-cv-01027-ACC-KRS Document 73 Filed 09/09/15 Page 1of1 PagelD 721 

AO 120 (Rev. 08/10) 

Mail Stop 8 REPORT ON THE 
TO: 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

FILING OR DETERMINATION OF AN 
ACTION REGARDING AP ATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

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 Middle District of Florida, Orlando Division on the following 

0 Trademarks or ~Patents. ( 0 the patent action involves 35 U.S.C. § 292.): 

DOCKET NO. DATE FILED U.S. DISTRICT COURT 
6:14-cv-1027 6/26/2014 Middle District of Florida, Orlando Division 

PLAINTIFF DEFENDANT 

Orlando Communications LLC LG Electronics, Inc., et al 

PATENTOR DATE OF PATENT 
HOLDEROFPATENTOR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 5,687,1296 11/11/1997 James Arthur Proctor, Jr., James Carl Otto 

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

3 

4 

5 

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

DATE INCLUDED INCLUDED BY 

0 Amendment 0 Answer 0 Cross Bill 0 Other Pleading 

PATENTOR DATE OF PATENT 
HOLDEROFPATENTOR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 

2 

3 

4 

5 

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

DECISION/JUDGEMENT 

Order of Dismissal 

CLERK 

Sheryl Loesch 

(BY) DEPUTY CLERK DATE 

R. Olsen 9/9/2015 

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-Case file copy 
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Case 6:14-cv-01026-ACC-KRS Document 75 Filed 09/09/15 Page 1of1 PagelD 749 

AO 120 (Rev 08/10) 

Mail Stop 8 REPORT ON THE 
TO: 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

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 Middle District of Florida, Orlando Division on the following 

0 Trademarks or G2f Patents. ( 0 the patent action involves 35 U.S.C. § 292.): 

DOCKET NO. DATE FILED U.S. DISTRICT COURT 
6:14-cv-1026 6/26/2014 Middle District of Florida, Orlando Division 

PLAINTIFF DEFENDANT 

Orlando Communications LLC LG Electronics, Inc., et al 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l 5,687,1296 11/11/1997 James Arthur Proctor, Jr., James Carl Otto 

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

3 

4 

5 

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

DA TE INCLUDED INCLUDED BY 

0 Amendment 0 Answer 0 Cross Bill 0 Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PA TENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 

2 

3 

4 

5 

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

DECISION/JUDGEMENT 

Order of Dismissal 

CLERK 

Sheryl Loesch 

(BY) DEPUTY CLERK DATE 

R. Olsen 9/9/2015 

Copy 1-Upon initiation of action, mail this copy to Director Copy 3--Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4--Case file copy 

Page 6 of 283



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

AO 120 (Rev 08/10) 

Mail Stop 8 REPORT ON THE 
TO: 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

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 Middle District of Florida, Orlando Division on the following 

0 Trademarks or ll(f Patents. ( D the patent action involves 35 U.S.C. § 292.): 

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

PLAINTIFF DEFENDANT 

Orlando Communications LLC HTC Corporation, et al 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 5,687, 1296 11/11/1997 James Arthur Proctor, Jr., James Carl Otto 

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

3 

4 

5 

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

DATE INCLUDED INCLUDED BY 

0 Amendment 0 Answer 0 Cross Bill 0 Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

1 

2 

3 

4 

5 

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

DECISION/JUDGEMENT 

Order of Dismissal 

CLERK 

Sheryl Loesch 

(BY) DEPUTY CLERK DATE 

R. Olsen 9/9/2015 

Copy 1-Upon initiation of action, mail this copy to Director Copy 3--Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4--Case file copy 
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Case 1:15-cv-00616-RGA Document 3 Filed 07/17/15 Page 1of2 PagelD #: 121 

AO 120 (Rev 08/10) 

Mail Stop 8 REPORT ON THE 
TO: 

Director of the U.S. Patent and Trademark Office 

P.O. Box 1450 

FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

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

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

D Trademarks or [;?!'Patents. ( D the patent action involves 35 U.S.C. § 292.): 

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

PLAINTIFF DEFENDANT 

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

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

I See Attached 

2 

3 

4 

5 

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

DATE INCLUDED INCLUDED BY 

D Amendment D Answer D Cross Bill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

I 

2 

3 

4 

5 

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

DECISION/JUDGEMENT 

j<BY) DEPUTY CLERK 

Copy 1-l!pon 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 

Page 8 of 283



Case 1:15-cv-00616-RGA Document 3 Filed 07117/15 Page 2 of 2 PagelD #: 122 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 
1 US 6,961,369 Bl 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 9 of 283



Case 1:13-cv-01533-GMS Document 39 Filed 07/17/15 Page 1of1 PagelD #: 216 

Case 1:13-cv-01533-GMS Document 3 Filed 09/04/13 Page 1of1 PagelD #: 29 

AO 120 (Rev. 08/10) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

Alexandria, VA 22313-1450 

REPORT ON THE 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

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 Delaware on the following 

0 Trademarks or Glf Patents. ( 0 the patent action involves 35 U.S.C. § 292.): 

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

PLAINTIFF DEFENDANT 

ROCHE PALO AL TO LLC and WATSON LABORATORIES, INC. - FLORIDA 
GENENTECH, INC. 

PATENTOR DATE OF PA TENT HOLDER OF PATENT OR TRADEMARK 
TRADEMARK NO. OR TRADEMARK 

I 6,083,953 71412000 Roche Palo Alto LLC 

2 

3 

4 

5 

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

DATE INCLUDED INCLUDED BY 

0 Amendment 0 Answer D Cross Bill 0 Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

I 

2 

3 

4 

5 

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

CLERK John A Cerino, Clerk DATE 

United States District Court 1/(1/t s 
Wilmington, DE ·19801 

Copy I-Upon inillation of action, mail this copy to Director opy 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 

Page 10 of 283



Case 1:15-cv-12975-WGY Document 2 Filed 07/17/15 Page 1of1 

~AO 120 (Rev. 3/041 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

Alexandria, VA 22313-1450 

REPORT ON THE 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

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 ~ Trademarks: 

DOCKET NO. DATE FI77~t2015 U.S. DISTRICT COURT 
Massachusetts 

PLAINTIFF DEFENDANT 

BOSTON PROPERTIES LIMITED PARTNERSHIP CLAUDETIE MOUSSA, 
dlbla Boston Properties Advisors 

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

I 2,527,181 1/812002 BOSTON PROPERTIES LIMITED PARTNERSHIP 

2 

3 

4 

5 

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

DATE INCLUDED INCLUDED BY 
G Amendment GAmwer G Cross Bill G Other Pleading 

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

1 

2 

3 

4 

5 

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

/°ECISJONIJUDGEMENT 

I (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-Case file copy 

Page 11 of 283



Case 1:15-cv-00121-RGA Document 42 Filed 03/13/15 Page 1of4 PagelD #: 1558 

AO 120 (Rev 08/10) 

Mail Stop 8 REPORT ON THE 
TO: 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

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 Transferred to Delaware from Alabama on the following 

0 Trademarks or [llf Patents. ( 0 the patent action involves 35 U.S.C. § 292.): 

DOCKET NO. DATE FILED U.S. DISTRICT COURT 
15-cv-121-RGA 7/17/2014 Transferred to Delaware from Alabama 

PLAINTIFF DEFENDANT 

ADTRAN, Inc. TQ Delta, LLC 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

I See Attachment #1 

2 

3 

4 

5 

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

DATE INCLUDED INCLUDED BY 
3/13/2015 0 Amendment Ill Answer 0 Cross Bill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

I See Attachment #2 

2 

3 

4 

5 

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

DECISION/JUDGEMENT 

I (BY) DEPUTY CLERK 

Copy 1-Cpon 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 

Page 12 of 283



Case 1:15-cv-00121-RGA Document 42 Filed 03/13/15 Page 2 of 4 PagelD #: 1559 

Attachment #1 

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

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

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

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

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

7.U.S. 7,451,379 B2 11/11/2008 TQ Delta, LLC 

8.U.S. 7,471,721 B2 12/30/2008 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 Bl 11/16/2010 TQ Delta, LLC 

13. U.S. 7,844,882 B2 11/30/2010 TQ Delta, LLC 

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

15. U.S. 7,925,958 B2 04/12/2011 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 Bl 12/6/2011 TQ Delta, LLC 

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

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

21. U.S. 8,238,412 B2 08/07/2012 TQ Delta, LLC 

22. U.S. 8,276,048 B2 09/25/2012 TQ Delta, LLC 

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

Page 13 of 283



Case 1:15-cv-00121-RGA Document 42 Filed 03/13/15 Page 3 of 4 PagelD #: 1560 

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

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

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

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

28. U.S. 8,516,337 B2 08/20/2013 TQ Delta, LLC 

Page 14 of 283



Case 1:15-cv-00121-RGA Document 42 Filed 03/13/15 Page 4 of 4 PagelD #: 1561 
Attachment #2 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 
1 US 7,796,705 B2 9/14/2010 TQ Delta, LLC 
2 US 8,335,956 B2 12/18/2012 TQ Delta, LLC 
3 US 8,407,546 B2 3/26/2013 TQ Delta, LLC 
4 US 8,468,411 B2 6/18/2013 TQ Delta, LLC 
5 US 8,645,784 B2 2/4/2014 TQ Delta, LLC 
6 US 8,595,577 B2 11/26/2013 TQ Delta, LLC 

Page 15 of 283



Case 1: 14-cv-00954-U NA Document 3 Filed 07 /17 /14 Page 1 of 2 Pagel D #: 592 

AO 120 (Rev. 08/10) 

Mail Stop 8 REPORT ON THE 
TO: 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

In Compliance with 35 U.S.C. § 290 and/or l 5 U.S.C. § 11l6 you are hereby advised that a court action has been 

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

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

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

PLAINTIFF DEFENDANT 

TQ Delta, LLC ADTRAN, Inc. 

PATENT OR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

I See Attached 

2 ~.:l. 1-)...t 
3 

4 

5 

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

DA TE INCLUDED INCLUDED BY 

D Amendment D Answer D Cross Bill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

I 

2 

3 

4 

5 

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

DECISION/JUDGEMENT 

rBY) DEPUTY CLERK 

Copy 1-Upon initiation of action, mail this copy to Director Copy 3-Upon termination of action, mail this copy to Director 
Copy 2-Upon filing document adding patent(s), mail this copy to Director Copy 4-Case file copy 

Page 16 of 283



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

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 
1 US 8,090,008 B2 1/3/2012 TQ Delta, LLC 
2 US 8,073,041 Bl 12/6/2011 TQ Delta, LLC 
3 US 7,292,627 B2 11/6/2007 TQ Delta, LLC 
4 US 7,471,721 B2 12/30/2008 TQ Delta, LLC 
5 US 8,218,610 B2 7/10/2012 TQ Delta, LLC 
6 US 8,355,427 B2 111512013 TQ Delta, LLC 
7 US 7,453,881 B2 11/18/2008 TQ Delta, LLC 
8 US 7,809,028 B2 10/5/2010 TQ Delta, LLC 
9 US 7,978,706 B2 7/12/2011 TQ Delta, LLC 
10 US 8,422,511 B2 4/16/2013 TQ Delta, LLC 
11 US 7,889,784 B2 2/15/2011 TQ Delta, LLC 
12 US 7,835,430 B2 11/16/2010 TQ Delta, LLC 
13 US 7,570,686 B2 8/4/2009 TQ Delta, LLC 
14 US 8,238,412 B2 8/7/2012 TQ Delta, LLC 

15 US 8,432,956 B2 4/30/2013 TQ Delta, LLC 
16 US 7,451,379 B2 11/11/2008 TQ Delta, LLC 
17 US 8,516,33 7 B2 8/20/2013 TQ Delta, LLC 
18 US 7,979,778 B2 7/12/2011 TQ Delta, LLC 
19 US 7,925,958 B2 4/12/2011 TQ Delta, LLC 
20 US 8,462,835 B2 6/11/2013 TQ Delta, LLC 
21 US 8,594, 162 B2 11/26/2013 TQ Delta, LLC 
22 US 7,978,753 B2 7/12/2011 TQ Delta, LLC 
23 US 6,445, 730 B 1 9/3/2002 TQ Delta, LLC 
24 US 8,611,404 B2 12/17/2013 TQ Delta, LLC 
25 US 8,437,382 B2 5/7/2013 TQ Delta, LLC 
26 US 7,836,381 Bl 11/16/2010 TQ Delta, LLC 

27 US 7 ,844,882 B2 11/30/2010 TQ Delta, LLC 

28 US 8,276,048 B2 9/25/2012 TQ Delta, LLC 

29 US 8,495,473 B2 7/23/2013 TQ Delta, LLC 

30 US 8,607, 126 B 1 12/10/2013 TQ Delta, LLC 
31 US 7,831,890 B2 11/9/2010 TQ Delta, LLC 
32 US 8,625,660 B2 1/7/2014 TQ Delta, LLC 

Page 17 of 283



Birch, Melvin (Akima) 

From: 
Sent: 
To: 
Subject: 

ded_nefreply@ded.uscourts.gov 

Wednesday, November 20, 2013 4:56 PM 
ded_ecf@ded.uscourts.gov 
Activity in Case 1:13-cv-01835-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 prose 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 Patent/Trademark Number(s) US 
8,090,008 82; us 8,073,041 81; us 7,292,627 82; us 7,471,721 82; us 8,218,610 82; us 
8,355,427 82; us 7,453,881 82; us 7,978,706 82; us 8,422,511 82; us 7,889,784 82; us 
7,835,430 82; us 7,570,686 82; us 8,238,412 82; us 8,432,956 82; us 7,451,379 82; us 
8,516,337 82; us 7,979,778 82; us 7,925,958 82; us 8,462,835 82; us 7,836,381 81; us 
7,844,882 82; US 8,276,048 82; US 8,495,473 82; US 7,831,890 82;. (Farnan, Brian) 

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

Brian E. Farnan bfaman@famanlaw.com, tfaman@famanlaw.com 

Michael J. Farnan mfaman@famanlaw.com, tfaman@famanlaw.com 

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

The following document(s) are associated with this transaction: 

1 
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Case 1:13-cv-02013-UNA Document 3 Filed 12/09/13 Page 1of2 PagelD #: 504 

AO 120 (Rev. 08/10) 

Mail Stop 8 REPORT ON THE 
TO: 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

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

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

0 Trademarks or Glf Patents. ( D the patent action involves 35 U.S.C. § 292.): 

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

PLAINTIFF DEFENDANT 

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

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l See Attached 

2 

3 

4 

5 

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

DATE INCLUDED INCLUDED BY 

D Amendment 0 Answer 0 Cross Bill D Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

I 

2 

3 

4 

5 

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

DECISION/JUDGEMENT 

I (BY) DEPITTY 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 tiling document adding patent(s), mail this copy to Director Copy 4--Case file copy 
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Case 1:13-cv-02013-UNA Document 3 Filed 12/09/13 Page 2 of 2 PagelD #: 505 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 
1 US 8,090,008 B2 1/3/2012 TQ Delta, LLC 

2 US 8,073,041 B 1 12/6/2011 TQ Delta, LLC 

3 US 7,292,627 B2 11/6/2007 TQ Delta, LLC 

4 US 7,471,721 B2 12/30/2008 TQ Delta, LLC 

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

6. US 8,355,427 B2 1115/2013 TQ Delta, LLC 

7 US 7,453,881 B2 11/18/2008 TQ Delta, LLC 
8 US 7,809,028 B2 10/5/2010 TQ Delta, LLC 

9 US 7,978,706 B2 7/12/2011 TQ Delta, LLC 
10 US 8,422,511 B2 4/16/2013 TQ Delta, LLC 
11 US 7,796,705 B2 9/14/2010 TQ Delta, LLC 
12 US 7,889,784 B2 2/15/2011 TQ Delta, LLC 
13 US 7,835,430 B2 11/16/2010 TQ Delta, LLC 

14 US 7,570,686 B2 8/4/2009 TQ Delta, LLC 
15 US 8,238,412 B2 8/7/2012 TQ Delta, LLC 
16 US 8,432,956 B2 4/30/2013 TQ Delta, LLC 
17 US 7,451,379 B2 11/11/2008 TQ Delta, LLC 
18 US 8,516,337 B2 8/20/2013 TQ Delta, LLC 
19 US 7,979,778 B2 7/12/2011 TQ Delta, LLC 
20 US 7,925,958 B2 4/12/2011 TQ Delta, LLC 
21 US 8,462,835 B2 6/11/2013 TQ Delta, LLC 
22 US 7,978,753 B2 7/12/2011 TQ Delta, LLC 
23 US 6,445,730 Bl 9/3/2002 TQ Delta, LLC 
24 US 8,437,382 B2 5/7/2013 TQ Delta, LLC 
25 US 7,836,381 Bl 11/16/2010 TQ Delta, LLC 
26 US 7,844,882 B2 11/30/2010 TQ Delta, LLC 
27 US 8,276,048 B2 9/25/2012 TQ Delta, LLC 
28 US 8,495,473 B2 7/23/2013 TQ Delta, LLC 
29 US 7,831,890 B2 11/9/2010 TQ Delta, LLC 
30 US 8,335,956 B2 12/18/2012 TQ Delta, LLC 
31 US 8,468,411 B2 6/18/2013 TQ Delta, LLC 
32 US 8,407 ,546 B2 3/26/2013 TQ Delta, LLC 
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AO 120 (Rev 08/10) 

Mail Stop 8 REPORT ON THE 
TO: 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

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 

~Trademarks or 0 Patents. ( 0 the patent action involves 35 U.S.C. § 292.): 

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

PLAINTIFF DEFENDANT 

Boulle Ltd De Boulle Diamond & Jewelry Inc 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

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

2 

3 

4 

:5-

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

DATE INCLHBED 
12/ 2013 

INCLUDED BY 

M' Amendment 0 Answer 0 Cross Bill 0 Other Pleading 

PATENTOR DATE OF PATENT 
HOLDEROFPATENTOR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

I 3,078,625 4/11/2006 De Boulle Diamond & Jewelry Inc 

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

3 

4 

5 

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

DECISION/JUDGEMENT 

CLERK (BY) DEPUTY CLERK DATE 

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

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-Case file copy 
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Case 1:13-cv-01835-UNA Document 3 Filed 11/04/13 Page 1of2 PagelD #: 286 

AO 120 (Rev 08/10) 

Mail Stop 8 REPORT ON THE 
TO: 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

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

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

0 Trademarks or [llf Patents. ( 0 the patent action involves 35 U.S.C. § 292.): 

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

PLAINTIFF DEFENDANT 

TQ Delta, LLC Pace Americas, Inc. 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

I See Attached 

2 

3 

4 

5 

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

DATE INCLUDED INCLUDED BY 

0 Amendment D Answer 0 Cross Bill 0 Other Pleading 

PATENTOR DATE OF PATENT 
HOLDEROFPATENTOR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

I 

2 

3 

4 

5 

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

DECISION/JUDGEMENT 

l(BY) DEPUTY CLERK 

Copy 1-l'pon 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 1:13-cv-01835-UNA Document 3 Filed 11/04/13 Page 2 of 2 PagelD #: 287 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 
1 US 8,090,008 B2 1/3/2012 TQ Delta, LLC 
2 US 8,073,041 Bl 12/6/2011 TQ Delta, LLC 

3 US 7,292,627 B2 11/6/2007 TQ Delta, LLC 
4 US 7,471,721 B2 12/30/2008 TQ Delta, LLC 

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

6. US 8,355,427 B2 1/15/2013 TQ Delta, LLC 
7 US 7,453,881 B2 11/18/2008 TQ Delta, LLC 

8 US 7,978,706 B2 7/12/2011 TQ Delta, LLC 

9 US 8,422,511 B2 4/16/2013 TQ Delta, LLC 

10 US 7,889,784 B2 2/15/2011 TQ Delta, LLC 
11 US 7,835,430 B2 11/16/2010 TQ Delta, LLC 
12 US 7 ,570,686 B2 8/4/2009 TQ Delta, LLC 
13 US 8,238,412 B2 8/7/2012 TQ Delta, LLC 
14 US 8,432,956 B2 4/30/2013 TQ Delta, LLC 

15 US 7,451,379 B2 11/11/2008 TQ Delta, LLC 
16 US 8,516,337 B2 8/20/2013 TQ Delta, LLC 

17 US 7,979,778 B2 7/12/2011 TQ Delta, LLC 

18 US 7,925,958 B2 4112/2011 TQ Delta, LLC 

19 US 8,462,835 B2 6/11/2013 TQ Delta, LLC 
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Case 1:13-cv-01836-UNA Document 3 Filed 11/04/13 Page 1of2 PagelD #: 362 

AO 120 (Re,. 0810) 

TO: 
Mail Stop 8 

Director of the U.S. Patent and Trademark Office 
P.O. Box 1450 

Alexandria, VA 22313-1450 

REPORT ON THE 
FILING OR DETERMINATION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK 

In Compliance with 35 U.S.C. ~ 290 and/or 15 U.S.C. § 1116 you arc hereby a<lYised that a court action has been 

tlkd in the U.S. District Coun District of Delaware on the following 

0 Trademark;, or ~Patenh. ( 0 the patent action inYolYes 35 U.SC. § 292.): 

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

PI.AINTifF DEFENDANT 

TO Delta, LLC Zhone Technologies, Inc. 

PATENTOR DATE OF PATENT 
HOLDER OF PATE;-.IT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

I See Attached 

2 

J 

-l 

5 

In the ahoYe cntitkd case, the following patent(s)i trademark(s) ha\'C been included: 

IMTI INCi. l TDFD JNCUIDFD BY 
0 Amen<lmt:nt 0 Answer 0 Cross Bill 0 Other Pleading 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADFMARK NO. UR TRADEMARK 

I 

2 

l 

-l 

:; 

In the a hon:- -entitled case. the folkw;ing decision has been rendered or JUdgt:ment issued: 

!)LC ISIO!'\. JlJDGEMENT 

l'BY) DEPUTY CLERK 

Cop~ 1-1 · pon initiation of al'tion, mail this copy to Director Copy 3--Upon termination of action, mail this cop~· to Director 
Copy 2-Cpon filing document adding patent(s), mail thh copy to Director Copy 4-Case file cop~· 
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Case 1:13-cv-01836-UNA Document 3 Filed 11/04/13 Page 2 of 2 PagelD #: 363 

PATENT OR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 
I US 8,090,008 B2 1/3/2012 TQ Delta, LLC 
2 US 8,073,041 Bl 12/6/2011 TQ Delta, LLC 
3 US 7,292,627 B2 11/6/2007 TQ Delta, LLC 
4 US 7,471,721 B2 12/30/2008 TQ Delta, LLC 
5 US 8,218,610 B2 7/10/2012 TQ Delta, LLC 
6. US 8,355,427 B2 1115/2013 TQ Delta, LLC 
7 US 7,453,881 B2 11118/2008 TQ Delta, LLC 
8 US 7,809,028 B2 10/5/2010 TQ Delta, LLC 

9 US 7 ,978, 706 B2 7112/2011 TQ Delta, LLC 
10 US 8,422,511 B2 4/16/2013 TQ Delta, LLC 
11 US 7,796,705 B2 9/14/2010 TQ Delta, LLC 
12 US 7,889,784 B2 211512011 TQ Delta, LLC 
13 US 7,835,430 B2 11/ 16/20 l 0 TQ Delta, LLC 

14 US 7,570,686 B2 8/4/2009 TQ Delta, LLC 
15 US 8,238,412 B2 8/7/2012 TQ Delta, LLC 
16 US 8,432,956 B2 4/30/2013 TQ Delta, LLC 

17 US 7,451,379 B2 11111/2008 TQ Delta, LLC 
18 US 8,516,337 B2 8/20/2013 TQ Delta, LLC 
19 US 7,979,778 B2 7/12/2011 TQ Delta, LLC 
20 us 7,925,958 82 4/12/2011 TQ Delta, LLC 

21 US 8,462,835 B2 6/11/2013 TQ Delta, LLC 
22 us 7,978,753 82 7/12/2011 TQ Delta, LLC 
23 US 6,445,730 Bl 91312002 TQ Delta, LLC 
24 US 8,437,382 B2 51712013 TQ Delta, LLC 
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APPLICATION NUMBER 

12/779,660 

62574 
Jason H. Vick 
Sheridan Ross, PC 
Suite# 1200 
1560 Broadway 
Denver, CO 80202 

FILING OR 3 71 (C) DATE 

05/13/2010 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adm"'· COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

David M. Krinsky 6936-2-CON-2-1-1 
CONFIRMATION NO. 8981 

POA ACCEPTANCE LETTER 

111111111111111111111111]~!l]~~1~~1~~ui1~1 ~1~~11111111111111111111111111 

Date Mailed: 11/14/2012 

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. 

/agizaw/ 

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

page 1of1 
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PTO/AIA/80 (07-12) 
Approved for use through 11/30/2014. OMB 0651-0035 

U.S. Patent and Trademark Office; U.S DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of Information unless It displays a valid OMB control number. 

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE US PTO 

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

I hereby appoint: 

~ Practitioners associated with Customer Number: 

162574 I OR 

D Practltloner(s) named below (If more than ten patent practitioners are to be named, then a customer number must be used): 

Name Registration Name Registration 
Number Number 

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

Please change the correspondence address for the application Identified In the attached statement under 37 CFR 3.73(c) to: 

~ The address associated with Customer Number: 162574 I OR 

D Firm or 
Individual Name 

Address 

City !state !zip 

Country 

Telephone I Email 

Assignee Name and Address: TQ DELTA, LLC 

805 Las Cimas Parkway, Suite 240 
Austin, Texas 78746 

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

SIGNATURE of Assignee of Record 
The individual whose signature and title is supplied below is authorized to act on behalf of the assignee 

Signature l...--?-"'...-Z Ce."'-·~ ;r.e::__.-e:. 
' 

Date iO / 1
/ ./1 -z_ ,,.. 

Name Mark K. Roche Telephone 512~609~1810 

Title Managing Director 
This collection of Information 1s required by 37 CFR 1.31, 1.32 and 1.33. The information Is required to obtain or retain a benefit by the public which 1s to file (and 
by the US PTO to process) an application. Confidentiality Is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1. 14. This collection Is estimated to take 3 minutes 
to complete, Including gathering, preparing, and submitting the completed application form to the US PTO. Time will vary depending upon the Individual case. Any 
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, 
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED 
FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance In completing the form, call 1-800-PT0-9199 and select option 2. 
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Electronic Acknowledgement Receipt 

EFSID: 14147995 

Application Number: 12779660 

International Application Number: 

Confirmation Number: 8981 

Title of Invention: 
MULTICARRIER MODULATION MESSAGING FOR POWER LEVEL PER 
SUBCHANNEL INFORMATION 

First Named Inventor/Applicant Name: David M. Krinsky 

Customer Number: 62574 

Filer: Jason Vick/Joanne Vos 

Filer Authorized By: Jason Vick 

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

Receipt Date: 05-NOV-2012 

Filing Date: 13-MAY-2010 

Time Stamp: 14:09:47 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

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

422470 

1 EntityStatus_373c_w_POA.pdf yes 4 
eel 7b2542cc09b6443c2f6df1 3b90b4fc5ba 

clef 
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Multipart Description/PDF files in .zip description 

Document Description Start End 

Miscellaneous Incoming Letter 1 1 

Assignee showing of ownership per 37 CFR 3.73. 2 3 

Power of Attorney 4 4 

Warnings: 

Information: 

Total Files Size (in bytes) 422470 

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

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/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 A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) 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 

Application No.: 12/779,660 

Filed: May 13, 2010 

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

) ) Patent No. 8,238,412 

~ Issued: August 7, 2012 

~Examiner: TRAN, Khanh C. 

~ Confirmation No.: 8981 

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 

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

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

the Applicant is now entitled to small entity status. 

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

application. 

Date: 

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

Respectfully submitted, 

SHERIDAN ROSS P.C. 

1 

45,285 
1560 Broadway, Suite 1200 
Denver, Colorado 80202 
Telephone: 303-863-9700 
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PTO/AIN96 (08-12) 
Approved for use through 01/31/2013. OMB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

STATEMENT UNDER 37 CFR 3.73(c) 
Appl~anVPatentOwner: _T_Q_D_E_LT_A_,_L_L_C _________________________ _ 

Application No./Patent No.: 8,238,412 Filed/Issue Date: _A_u_g_u_s_t _7_, 2_0_1_2 _______ _ 

Titled: MULTICARRIER MODULATION MESSAGING FOR POWER LEVEL PER SUBCHANNEL INFORMATION 

TQ DELTA, LLC , a Corporation 
~~~~~~~~~~~~~~~~~~~~~~~~~~ 

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

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

1. 0 The assignee of the entire right, title, and interest. 

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

LJ 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. 

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

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

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

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

4. D 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 Q.!)_g of options A or B below): 

A. D 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. 0 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. To: 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: AWARE, INC. To: TQ DELTA, LLC 
~~~~~~~~~~~~~~~~~~-

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

Reel 029154 , Frame 0937 , or for which a copy thereof is attached. 

[Page 1 of 2] 
This collection of information is required by 37 CFR 3.73(b}. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including 
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STATEMENT UNDER 37 CFR 3.73(c} 

3. From: -----------------~ To: -----------------~ 
The document was recorded in the United States Patent and Trademark Office at 

Reel _____ , Frame -----·' or for which a copy thereof is attached. 

4. From: -----------------~ To: -----------------~ 
The document was recorded in the United States Patent and Trademark Office at 
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The document was recorded in the United States Patent and Trademark Office at 
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The document was recorded in the United States Patent and Trademark Office at 
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- 3 -

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 

5 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 
Change(s) applied 
to document, can include the loop length and bridged tap length estimations as discussed in copending 

09/755, 172 
/ S.J .W / A Homey Dackct ;He'>. 081§13 000003, filed herewith and incorporated herein by reference in 
5/15/2012 

10 

its entirety. 

For example, an 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 

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

20 

it is to be appreciated, that the systems and 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. 1 is a functional block diagram illustrating an exemplary communications system 

25 according to this invention; and 

30 

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

and test information according to this invention. 

DETAILED DESCRIPTION OF THE INVENTION 

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

CO receiving diagnostic and test information from the RT. In 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 

NVAl65661.1 
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the restriction requirement and election have been incorporated into this action. 

3. D The allowed claim(s) is/are __ . 

4. D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 
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THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5. 0 A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF 
INFORMAL PATENT APPLICATION (PT0-152) which gives reason(s) why the oath or declaration is deficient. 

6. D CORRECTED DRAWINGS (as "replacement sheets") must be submitted. 

(a) D including changes required by the Notice of Draftsperson's Patent Drawing Review ( PT0-948) attached 

1) D hereto or 2) D to Paper No./Mail Date __ . 

(b) D including changes required by the attached Examiner's Amendment I Comment or in the Office action of 
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Copies of the cited U.S. patents and/or patent applications are enclosed herewith. 

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

accordance with 37 C.F.R. § 1.98(a). 

0 Copies of the cited references are not enclosed, in accordance with 3 7 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. 

D To the best of applicants' belief, the pertinence of the foreign-language references 

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

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

0 Examiner's attention is drawn to the following related applications: 

Serial No. filed (Attorney Ref. No. --~ 

Serial No. ____ filed ____ (Attorney 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 
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drawn as to the pertinence of the references based on the order in which they are presented. 

Submission of this statement should not be taken as an indication that a search has been 

conducted, or that no better art exists. 

It is respectfully requested that the cited information be expressly considered 

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

D 

D 

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): 

D Within three months of the filing date of a national application other than a continued prosecution 

D 

D 
D 

application under 37 CFR l.53(d), or 

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

Before the mailing date of a 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 
37CPR1.114. 

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. 

37CFR1.97(c): The information disclosure statement transmitted herewith is being filed after all the above conditions (37 
CFR I.97(b)), but before the mailing date of any one of the following conditions: 

(1) a final action under 37 C.F.R. 1.113, or 
(2) a notice of allowance under 37 C.F.R. 1.311, or 
(3) an action that otherwise closes prosecution in the application. 

This Information Disclosure Statement is accompanied by: 

D A Certification (below) as specified by 37 C.F.R. I.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 

D Please charge Deposit Account 19-1970 in the amount of $180.00 for the fee set forth in 37 C.F.R. 1. 17(p) for 
submission of an information disclosure statement. Please credit any overpayment or charge any underpayment to Deposit 
Account 19-1970. 

37CFR1.97(d): This Information Disclosure Statement is being submitted after the period specified in 37 CFR I.97(c). 

[Z] This information Disclosure Statement includes a Certification (below) as specified by 37 C.F.R. 1 .97(e) 
AND 

[Z] Applicants hereby requests consideration of the reference(s) disclosed herein. Please charge Deposit Account 
19-1970 in the amount of $180.00 under 37 C.F.R. l.l 7(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: 
[SJ 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). 

[SJ A copy of the communication from the foreign patent office is enclosed. 

OR 

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

Respectfully submitted, 

SHERIDAN ROSS P.C. 

~ ---­By:----~ 
~~~~Vick 

--=--~ Registration No. 45,285 

Date:_~;S_/1(,--'---"'ef~/_2 ___ _ 

3 

1560 Broadway, Suite 1200 
Denver, Colorado 80202-5141 
(303) 863-9700 
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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 

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

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

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block l for any chonge of address) Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have ils own cerlificale of mailing or transmission. 

62574 7590 

Jason H. Vick 
Sheridan Ross, PC 
Suite# 1200 
1560 Broadway 
Denver, CO 80202 

APPLICATION NO. 

121779,660 

04126/2012 

FILING DATE 

05113/2010 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelor.e 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the dale indicated below. 

(Depositor's name) 

(Signaluri::) 

(Dale) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

David M. Krinsky 5550-2-CON2-l-l 8981 

TITLE OF INVENTION: MULTICARRIER MODULATION MESSAGING FOR POWER LEVEL PER SUBCHANNEL INFORMATION 

APPLN.TYPE SMALL ENTITY ISSUE FEE DUE 

nonprovisional NO $1740 

EXAMINER ARTUN1T 

TRAN, KHANH C 2611 

1. Change of correspondence address or indication of "Fee Address" (3 7 
CFR 1.363). 

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

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

PUBLICATION PEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$300 $0 

CLASS-SUBCLASS 

375-219000 

2. For printing on the patent front page, list 

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

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

$2040 07/26/2012 

Jason H. Vick 

2 Sheridan Ross, PC 

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

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

(A) NAME OF ASSIGNEE 

AWARE, INC. 

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

Bedford, MA 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual 0 Corporation or other private group entity 0 Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - #of Copies _________ _ 

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

0 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 

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

0 A check is enclosed. 

0 Payment by credit card. Form PT0-2038 is attached. 
ill The Director is hereby authorized to charge the "j:)ired fee(s), any deficiency, or credit any 

overpayment, to Deposit Account Number 19-1 70 (enclose an extra copy of this form). 

0 b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR L27(g)(2). 

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in 
interest as shown by the records of the United States Patent and Trademark Office. ..· 

-~~~--:::::::=- __ .... 

Authorized Signature. -~;::::::::::_::;:? _ .. __ ..... -_ ...... --·· Date_~fL~/fJ~ff't"'~_·; _ _z~-----
_ ... > --~ ~ 

Ty~~son H. Vick Registration No. _4_5~,2_8_5 ___________ _ 

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process) 
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparmg, 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 fom1 and/or suirnestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. 
Box 1450, Alexanaria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, 
Alexandria, Virginia 22313-1450. 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

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

In Re the Application of: David M. Krinsky 

Application No.: 12/779,660 

Filed: May 13, 2010 

Atty. File No.: 5550-2-CON-2-1-1 

) Group Art Unit: 2611 
) 
) 
) 
) 
) 
) 
) 

Examiner: TRAN, Khanh C. 

Confirmation No.: 8981 

For: MULTICARRIER MODULATION MESSAGING FOR POWER LEVEL PER 
SUBCHANNEL INFORMATION 

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 3 7 C.F .R. 1.312 in 

response to the Notice of Allowance having a mailing date of April 26, 2012. 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. 

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

Please amend the specification as follows: 

Please replace lines 6-9 on page 3 of the originally filed application with the following: 

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 Ser. No. 09/755,172, now U.S. Patent No. 6,865,22l~ing-Aftet.rte-:y-f)ocket No-; 

081513 000003, filed herewith and incorporated herein by reference in its entirety. 

2 Attorney Docket No. 5550-2-CON-2-l-1 
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REMARKS 

The amendment to the specification displayed herein replaces the Attorney docket 

number with the application number and issued patent number. 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 3 7 CFR § 1.16 and 1.1 7 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. 

Date: 

Respectfully submitted, 

SHERIDAN ROSS P .C. 

By: =======--~---­
, J~l&(-~ 

--~~~Reg. No. 45,285 
1560 Broadway, Suite 1200 
Denver, Colorado 80202 
Telephone: 303-863-9700 

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

Application Number: 12779660 

Filing Date: 13-May-2010 

Title of Invention: 
MULTICARRIER MODULATION MESSAGING FOR POWER LEVEL PER 
SUBCHANNEL INFORMATION 

First Named Inventor/Applicant Name: David M. Krinsky 

Filer: Jason Vick/Joanne Vos 

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

Filed as Large Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Utility Appl issue fee 1501 1 1740 1740 

Publ. Fee- early, voluntary, or normal 1504 1 300 300 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Extension-of-Time: 

Miscellaneous: 

Total in USO($) 2040 
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Electronic Acknowledgement Receipt 

EFSID: 12732484 

Application Number: 12779660 

International Application Number: 

Confirmation Number: 8981 

Title of Invention: 
MULTICARRIER MODULATION MESSAGING FOR POWER LEVEL PER 
SUBCHANNEL INFORMATION 

First Named Inventor/Applicant Name: David M. Krinsky 

Customer Number: 62574 

Filer: Jason Vick/Joanne Vos 

Filer Authorized By: Jason Vick 

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

Receipt Date: 08-MAY-2012 

Filing Date: 13-MAY-2010 

Time Stamp: 18:21:17 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Deposit Account 

Payment was successfully received in RAM $2040 

RAM confirmation Number 6297 

Deposit Account 191970 

Authorized User 

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

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

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

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

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

File Listing: 

Document 
Document Description File Name 

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

157632 

1 Issue Fee Payment (PT0-85B) lssue_Fee_Payment.pdf no 1 
027ae45735e5f652c8f42e00a4bf8ab7a590 

7f62 

Warnings: 

Information: 

161719 

2 Amend ment_312.pdf yes 3 
86ca0e 72cd81 Ob6682b44755b687b495ffd 

cc851 

Multipart Description/PDF files in .zip description 

Document Description Start End 

Amendment after Notice of Allowance (Rule 312) 1 1 

Specification 2 2 

Applicant Arguments/Remarks Made in an Amendment 3 3 

Warnings: 

Information: 

32172 

3 Fee Worksheet (SB06) fee-info.pdf no 2 
7edc74214d6e10674f737d567363ca671 b3 

ed0d4 

Warnings: 

Information: 

Total Files Size (in bytes) 351523 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/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 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/R0/1 OS) 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 STA IBS p A IBNT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

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

NOTICE OF ALLOWANCE AND FEE(S) DUE 

62574 7590 

Jason H. Vick 
Sheridan Ross, PC 
Suite# 1200 
lS60 Broadway 
Denver, CO 80202 

04/26/2012 
EXAMINER 

TRAN, KHANH C 

ART UNIT PAPER NUMBER 

2611 

DATE MAILED: 04/26/2012 

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

121779,660 05/13/2010 David M. Krinsky 5550-2-CON2-l-l 8981 

TITLE OF INVENTION: MULTICARRIER MODULATION MESSAGING FOR POWER LEVEL PER SUBCHANNEL INFORMATION 

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE DATEDUE 

nonprovisional NO $1740 $300 $0 $2040 07/26/2012 

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

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

HOW TO REPLY TO THIS NOTICE: 

I. Review the 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 Sb 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 ENTITY status before, or is now 
claiming SMALL ENTITY status, check box Sa on Part B - Fee(s) 
Transmittal and pay the PUBLICATION FEE (if required) and 1/2 
the ISSUE FEE shown above. 

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

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

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

Page 1of3 
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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 

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

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

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

62574 7590 

Jason H. Vick 
Sheridan Ross, PC 
Suite# 1200 
1560 Broadway 
Denver, CO 80202 

APPLICATION NO. 

121779,660 

04/26/2012 

FILING DATE 

05/13/2010 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

(Depositor's name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

David M. Krinsky 5550-2-CON2-l-l 8981 

TITLE OF INVENTION: MULTICARRIER MODULATION MESSAGING FOR POWER LEVEL PER SUBCHANNEL INFORMATION 

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE 

nonprovisional NO $1740 

EXAMINER ART UNIT 

TRAN, KHANH C 2611 

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

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

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

PUBLICATION FEE DUE PREY. PAID ISSUE FEE TOTAL FEE(S) DUE 

$300 $0 

CLASS-SUBCLASS 

375-219000 

2. For printing on the patent front page, list 

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

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

$2040 

DATEDUE 

07/26/2012 

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

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

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual 0 Corporation or other private group entity 0 Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - #of Copies _________ _ 

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

0 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 

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

0 A check is enclosed. 

0 Payment by credit card. Form PT0-2038 is attached. 

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

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

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in 
interest as shown by the records of the United States Patent and Trademark Office. 

Authorized Signature _______________________ _ Date ____________________ _ 

Typed or printed name ______________________ _ Registration No. ________________ _ 

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process) 
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and 
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete 
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. 
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Page 2 

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. 

Conclusion 

4. 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. 

KCT 
IKHANH C TRANI 

Primary Examiner, Art Unit 2611 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In Re the Application of: David M. Krinsky 

Application No.: 12/779,660 

Filed: May 13, 2010 

Atty. File No.: 5550-2-CON-2-l-1 

) Group Art Unit: 2611 
) 
) 
) 
) 
) 
) 
) 

Examiner: TRAN, Khanh C. 

Confirmation No.: 8981 

For: MULTI CARRIER MODULATION MESSAGING FOR POWER LEVEL PER 
SUBCHANNEL INFORMATION 

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

Madam: 

AMENDMENT AND RESPONSE 

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

mailing date of March 19, 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 9 of this paper. 

Attorney Docket No.: 5550-2-CON-2-l-1 
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AMENDMENTS TO THE CLAIMS: 

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

application. 

Listing of Claims: 

1. - 4 3. (Cancelled) 

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

a communication channel using multicarrier modulation comprising: 

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

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

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

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

comprises an array representing 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 test information over a 

communication channel using multicarrier modulation comprising: 

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

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

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

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

comprises an array representing power level per subchannel information. 

4 7. (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 test information 

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

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

Page 74 of 283



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

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

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

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

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

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

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

representing 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 non-transitory computer-readable information storage 

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

method comprising: 

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

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

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

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

representing power level per subchannel information. 

53. (Previously Presented) The media of claim 52, wherein the power level per 

subchannel information is based on a Reverb signal. 

3 Attorney Docket No.: 5550-2-CON-2-l-l 
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54. (Previously Presented) A non-transitory computer-readable information storage 

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

method comprising: 

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

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

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

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

representing power level per subchannel information. 

55. (Previously Presented) The media of claim 54, wherein the power level per 

subchannel information is based on a Reverb signal. 

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

first DSL transceiver capable of transmitting test information over a communication channel 

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

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 test information, wherein 

bits in the message are modulated onto DMT symbols using Quadrature Amplitude Modulation 

(QAM) with more than 1 bit per subchannel and wherein at least one data variable of the one or 

more data variables comprises an array representing 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 test 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. 

57. (Previously Presented) In a communications system for DSL service with a first 

DSL transceiver capable of transmitting test information over a communication channel using 

4 Attorney Docket No.: 5550-2-CON-2-l-l 
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multicarrier modulation and a second DSL transceiver capable of receiving the test information 

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

transmitting a message from the first transceiver, wherein the message comprises one or 

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

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

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

comprises an array representing Signal to Noise ratio per subchannel during Showtime 

information; and 

receiving the message at the second transceiver, wherein the message comprises the one 

or more data variables that represent the test 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. 

58. (Previously Presented) One or more non-transitory computer-readable 

information storage media having stored thereon instructions that, if executed, cause a 

communications system for DSL service to perform a method comprising: 

transmitting a message from a first transceiver, wherein the message comprises one or 

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

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

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

comprises an array representing Signal to Noise ratio per subchannel during Showtime 

information; and 

receiving the message at a second transceiver, wherein the message comprises the one or 

more data variables that represent the test 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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59. (Previously Presented) A communications system for DSL service comprising a 

first DSL transceiver capable of transmitting test information over a communication channel 

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

information over the communication channel using multicarrier modulation comprising: 

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

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

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

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

comprises an array representing frequency domain received idle channel noise information; and 

a receiver portion capable ofreceiving the message, wherein the message comprises the 

one or more data variables that represent the test 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 at least one data variable of the one or more data 

variables comprises the array representing frequency domain received idle channel noise 

information. 

60. (Previously Presented) In a communications system for DSL service with a first 

DSL transceiver capable of transmitting test information over a communication channel using 

multi carrier modulation and a second DSL transceiver capable of receiving the test information 

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

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

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

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

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

representing frequency domain received idle channel noise information; and 

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

that represent the test 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 frequency domain received idle channel noise information. 

6 Attorney Docket No.: 5550-2-CON-2- l- l 
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61. (Previously Presented) One or more non-transitory computer-readable 

information storage media having stored thereon instructions that, if executed, cause a 

communications system for DSL service to perform a method comprising: 

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

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

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

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

representing frequency domain received idle channel noise information; and 

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

that represent the test 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 frequency domain received idle channel noise information. 

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

first DSL transceiver capable of transmitting test information over a communication channel 

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

information over the communication channel using multicarrier modulation comprising: 

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

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

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

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

comprises an array representing power level per subchannel information; and 

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

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

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

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

comprises an array representing power level per subchannel information. 

63. (Previously Presented) In a communications system for DSL service with a first 

DSL transceiver capable of transmitting test information over a communication channel using 

7 Attorney Docket No.: 5550-2-CON-2-l-l 
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multicarrier modulation and a second DSL transceiver capable of receiving the test information 

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

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

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

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

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

representing power level per subchannel information; and 

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

that represent the test information, wherein the 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. 

64. (Previously Presented) One or more non-transitory computer-readable 

information storage media having stored thereon instructions that, if executed, cause a 

communications system for DSL service to perform a method comprising: 

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

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

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

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

representing power level per subchannel information; and 

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

that represent the test information, wherein the 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. 

8 Attorney Docket No.: 5550-2-CON-2-l-1 
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REMARKS 

Applicant requests reconsideration of this application based on the Terminal Disclaimers 

filed herewith. 

The Examiner is thanked for the indication that claims 45, 47, 49, 51, 53 and 55 contain 

allowable subject matter. 

In order to overcome the outstanding double patenting rejections, attached hereto are 

two Terminal Disclaimers. Based thereon, withdrawal of the rejections is respectfully requested. 

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 3 7 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. 

9 

Reg. No. 45,285 
1560 Broadway, Suite 1200 
Denver, Colorado 80202 
Telephone: 303-863-9700 

Attorney Docket No.: 5550-2-CON-2-l-1 
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Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displavs a valid OMB control number. 

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING I Docket Number (Optional) 

REJECTION OVER A "PRIOR" PATENT 5550-2-CON-2-1-1 

In re Application of: David M. Krinsky 

Application No.: 12/779,660 

Filed: May 13, 2010 

For: Multicarrier Modulation Messaging for Power Level Per Subchannel Information 

The owner*, AWARE INC. , of 100 percent interest in the instant application hereby disclaims, 
except as provided below, the terminal part of the statutory term of any patent granted on the instant application which would extend beyond 
the expiration date of the full statutory term of prior patent No. 7 889 784 as the term of said prior patent is presently shortened 
by any terminal disclaimer. The owner hereby agrees that any patent so granted on the instant application shall be enforceable only for and 
during such period that it and the prior patent are commonly owned. This agreement runs with any patent granted on the instant application 
and is binding upon the grantee, its successors or assigns. 

In making the above disclaimer, the owner does not disclaim the terminal part of the term of any patent granted on the instant application that 
would extend to the expiration date of the full statutory term of the prior patent, "as the term of said prior patent is presently shortened by any 
terminal disclaimer," in the event that said prior patent later: 

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

Check either box 1 or 2 below, if appropriate. 

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

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and 
belief are 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 of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or any patent issued thereon. 

2. [{] The undersigned is an attorney or agent of record. Reg. No._4_5~''-2_8"""5 _____ _ 

Signature Date 

Jason H. Vick 
Typed or printed name 

303-863-9700 
Telephone Number 

[{] Terminal disclaimer fee under 37 CFR 1.20(d) included. 

WARNING: Information on this form may become public. Credit card information should not 
be included on this form. Provide credit card information and authorization on PT0-2038. 

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

This collection of information 1s required by 37 CFR 1.321. The information is required to obtain or retain a benefit by the public which 1s to file (and by the USPTO 
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments 
on the amount of time you require to complete th is form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent 
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2. 
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Approved for use through 07/31/2012. OMB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number. 

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING I Docket Number (Optional) 
REJECTION OVER A "PRIOR" PATENT 5550-2-CON-2-1-1 

In re Application of: David M. Krinsky 

Application No.: 12/779,660 

Filed: May 13, 2010 

For: Multicarrier Modulation Messaging for Power Level Per Subchannel Information 

The owner*, AWARE INC. , of 100 percent interest in the instant application hereby disclaims, 
except as provided below, the terminal part of the statutory term of any patent granted on the instant application which would extend beyond 
the expiration date of the full statutory term of prior patent No. 7 835 430 as the term of said prior patent is presently shortened 
by any terminal disclaimer. The owner hereby agrees that any patent so granted on the instant application shall be enforceable only for and 
during such period that it and the prior patent are commonly owned. This agreement runs with any patent granted on the instant application 
and is binding upon the grantee, its successors or assigns. 

In making the above disclaimer, the owner does not disclaim the terminal part of the term of any patent granted on the instant application that 
would extend to the expiration date of the full statutory term of the prior patent, "as the term of said prior patent is presently shortened by any 
terminal disclaimer," in the event that said prior patent later: 

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

Check either box 1 or 2 below, if appropriate. 

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

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and 
belief are 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 of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or any patent issued thereon. 

2. [{] The undersigned is an attorney or agent of record. Reg. No._4_5 .... ,""'2_8_5 _____ _ 

- Signature Date 

Jason H. Vick 
Typed or printed name 

303-863-9700 
Telephone Number 

0 Terminal disclaimer fee under 37 CFR 1.20(d) included. 

WARNING: Information on this form may become public. Credit card information should not 
be included on this form. Provide credit card information and authorization on PT0-2038. 

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

This collection of information 1s required by 37 CFR 1.321. The information 1s required to obtain or retain a benefit by the public which 1s to file (and by the USPTO 
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments 
on the amount oft ime you require to complete th is form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent 
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2. 
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Office Action Summary Examiner Art Unit 

KHANH C. TRAN 2611 

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;J. MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1)[8J Responsive to communication(s) filed on 13 Mav2010. 

2a)0 This action is FINAL. 2b)[8J This action is non-final. 

3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on 

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

4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

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

Disposition of Claims 

5)[8J Claim(s) 44-64 is/are pending in the application. 

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

6)0 Claim(s) __ is/are allowed. 

7)0 Claim(s) __ is/are rejected. 

8)0 Claim(s) __ is/are objected to. 

9)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

10)0 The specification is objected to by the Examiner. 

11 )IZ! The drawing(s) filed on 13 Mav 2010 is/are: a)IZ! accepted or b)O 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)0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

13)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

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

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

*See the attached detailed Office action for a list of the certified copies not received. 
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2) 0 Notice of Draftsperson's Patent Drawing Review (PT0-948) 

4) 0 Interview Summary (PT0-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 3) [8J Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 03-11) 

6) 0 Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20120310 
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Art Unit: 2611 

DETAILED ACTION 

Page 2 

1. The Preliminary Amendment filed on 1/10/2011 has been entered. Claims 44-

64 are still pending in this Office 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 claim(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 Langi, 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 
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be commonly owned with this application, or claims an invention made as a result of 

activities undertaken within the scope of a joint research agreement. 

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

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

37 CFR 3.73(b). 

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. 7,835,430 82. 

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 arrav 

representing freguencv domain received idle channel noise information" while 

application claim recites "an arrav 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. 

2. Claim 46 is rejected on the ground of nonstatutory obviousness-type double 

patenting as being unpatentable over claim 2 of U.S. Patent No. 7,835,430 82. 
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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 arrav 

representing freguencv domain received idle channel noise information" while 

application claim recites "an arrav 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. 

3. Claim 48 is rejected on the ground of nonstatutory obviousness-type double 

patenting as being unpatentable over claim 3 of U.S. Patent No. 7,835,430 82. 

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 arrav 

representing freguencv domain received idle channel noise information" while 

application claim recites "an arrav 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 
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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. 

4. Claim 50 is rejected on the ground of nonstatutory obviousness-type double 

patenting as being unpatentable over claim 4 of U.S. Patent No. 7,835,430 82. 

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 arrav 

representing freguencv domain received idle channel noise information" while 

application claim recites "an arrav 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. 

5. Claim 52 is rejected on the ground of nonstatutory obviousness-type double 

patenting as being unpatentable over claim 5 of U.S. Patent No. 7,835,430 82. 

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

representing freguencv domain received idle channel noise information" while 

application claim recites "an arrav 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. 

6. Claim 54 is rejected on the ground of nonstatutory obviousness-type double 

patenting as being unpatentable over claim 6 of U.S. Patent No. 7,835,430 82. 

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 arrav 

representing freguencv domain received idle channel noise information" while 

application claim recites "an arrav 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 
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modify the Patent claim so that the array representing power level per sub-channel 

information as claimed in the application claim. 

7. 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 82. 

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 arrav 

representing Signal to Noise ratio per sub-channel during Showtime information" while 

application claim recites "an arrav representing power level per sub-channel 

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

information" and "power level per sub-channel 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. 

8. Claim 46 is rejected on the ground of nonstatutory obviousness-type double 

patenting as being unpatentable over claim 2 of U.S. Patent No. 7,889,784 82. 

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. 

Page 96 of 283



Application/Control Number: 12/779,660 

Art Unit: 2611 

Page 8 

Patent claim differs from application claim in that Patent claim recites "an arrav 

representing Signal to Noise ratio per sub-channel during Showtime information" while 

application claim recites "an arrav representing power level per sub-channel 

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

information" and "power level per sub-channel 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. 

9. Claim 48 is rejected on the ground of nonstatutory obviousness-type double 

patenting as being unpatentable over claim 3 of U.S. Patent No. 7,889,784 82. 

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 arrav 

representing Signal to Noise ratio per sub-channel during Showtime information" while 

application claim recites "an arrav representing power level per sub-channel 

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

information" and "power level per sub-channel 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. 
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10. Claim 50 is rejected on the ground of nonstatutory obviousness-type double 

patenting as being unpatentable over claim 4 of U.S. Patent No. 7,889,784 82. 

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 arrav 

representing Signal to Noise ratio per sub-channel during Showtime information" while 

application claim recites "an arrav representing power level per sub-channel 

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

information" and "power level per sub-channel 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. 

11. Claim 52 is rejected on the ground of nonstatutory obviousness-type double 

patenting as being unpatentable over claim 5 of U.S. Patent No. 7,889,784 82. 

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 arrav 

representing Signal to Noise ratio per sub-channel during Showtime information" while 

application claim recites "an arrav representing power level per sub-channel 
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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. 

12. Claim 54 is rejected on the ground of nonstatutory obviousness-type double 

patenting as being unpatentable over claim 6 of U.S. Patent No. 7,889,784 82. 

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 arrav 

representing Signal to Noise ratio per sub-channel during Showtime information" while 

application claim recites "an arrav representing power level per sub-channel 

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

information" and "power level per sub-channel 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. 

13. Claim 56 is rejected on the ground of nonstatutory obviousness-type double 

patenting as being unpatentable over claim 1 in view of claim 2 of U.S. Patent No. 
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7,889,784 82 because of similar scope. 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. 

14. Claim 57 is rejected on the ground of nonstatutory obviousness-type double 

patenting as being unpatentable over claim 3 in view of claim 4 of U.S. Patent No. 

7,889,784 82 because of similar scope. 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. 

15. Claim 58 is rejected on the ground of nonstatutory obviousness-type double 

patenting as being unpatentable over claim 5 in view of claim 6 of U.S. Patent No. 

7,889,784 82 because of similar scope. 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. 

16. Claim 59 is rejected on the ground of nonstatutory obviousness-type double 

patenting as being unpatentable over claim 1 in view of claim 2 of U.S. Patent No. 

7,835,430 82 because of similar scope. 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. 
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17. Claim 60 is rejected on the ground of nonstatutory obviousness-type double 

patenting as being unpatentable over claim 3 in view of claim 4 of U.S. Patent No. 

7,835,430 82 because of similar scope. 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. 

18. Claim 61 is rejected on the ground of nonstatutory obviousness-type double 

patenting as being unpatentable over claim 5 in view of claim 6 of U.S. Patent No. 

7,835,430 82 because of similar scope. 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. 

19. Claim 62 is rejected on the ground of nonstatutory obviousness-type double 

patenting as being unpatentable over claim 1 in view of claim 2 of U.S. Patent No. 

7,835,430 82. 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 arrav 

representing freguencv domain received idle channel noise information" while 

application claim recites "an arrav representing power level per sub-channel 

information". Because "frequency domain received idle channel noise information" and 

"power level per sub-channel information" are test information, therefore, it would have 
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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. 

20. Claim 63 is rejected on the ground of nonstatutory obviousness-type double 

patenting as being unpatentable over claim 3 in view of claim 4 of U.S. Patent No. 

7,835,430 82. 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 arrav 

representing freguencv domain received idle channel noise information" while 

application claim recites "an arrav representing power level per sub-channel 

information". Because "frequency domain received idle channel noise information" and 

"power level per sub-channel 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. 

21. Claim 64 is rejected on the ground of nonstatutory obviousness-type double 

patenting as being unpatentable over claim 5 in view of claim 6 of U.S. Patent No. 

7,835,430 82. Although the conflicting claims are not identical, they are not patentably 
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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 arrav 

representing freguencv domain received idle channel noise information" while 

application claim recites "an arrav representing power level per sub-channel 

information". Because "frequency domain received idle channel noise information" and 

"power level per sub-channel 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. 

Allowable Subject Matter 

22. Claims 45, 47, 49, 51, 53 and 55 are objected to as being dependent upon a 

rejected base claim, but would be allowable if rewritten in independent form including all 

of the limitations of the base claim and any intervening claims. 

Conclusion 

23. Any inquiry concerning this communication or earlier communications from 

the examiner should be directed to KHANH C. TRAN whose telephone number is 
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(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. 

KCT 
IKHANH C TRANI 

Primary Examiner, Art Unit 2611 
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By: .:=--=------_-_--="--=-~s.-~~--"'-"":;""".--=~::.__--_-_-_-_-_-_--_--_--_-_--~- -- --
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pertinence of any reference without the benefit of hindsight, nor should an inference be 
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FEES 
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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 
CPR l.97(b)), but before the mailing date of one of the following conditions: 

(I) a final action under 37 C.P.R. 1.113 or 
(2) a notice of allowance under 37 C.P.R. 1.311, or 
(3) an action that otherwise closes prosecution in the application. 

This Information Disclosure Statement is accompanied by: 

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

OR 

D Please charge Deposit Account 19-1970 in the amount of $180.00 for the fee set forth in 37 C.P.R. l.17(p) for 
submission of an information disclosure statement. Please credit any overpayment or charge any underpayment to Deposit 
Account 19-1970. 

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

D This information Disclosure St~tement includes a Certification (below) as specified by 37 C.P.R. 1.97(e) 
AND 

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

2 

Page 154 of 283



Certification (37 C.F.R. 1.97(e)) 
(Applicable only if checked) 

D The undersigned certifies that: 
D 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). 

DA copy of the communication from the foreign patent office is enclosed. 

OR 

D No item of information contained in this information disclosure statement was 
cited in a communication from a foreign patent office in a counterpart foreign 
application, and, to the knowledge of the undersigned after making reasonable 
inquiry, no item of information contained in this Information Disclosure Statement 
was known to any individual designated in 37 C.F.R. 1.56(c) more than three months 
prior to the filing of this statement. 37 C.F.R. l.97(e)(2). 

Respectfully submitted, 

SHERIDAN ROSS P.C. 

By:~-~::::~~------~-~-~ 
~::::-Jason H:-V1ck 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In Re the Application of: 

David M. Krinsky 

Serial No.: 12/779,660 

Filed: May 13, 2010 

Atty. File No.: 5550-2-CON-2-1-1 

Entitled: "MULTI CARRIER MODULATION 
MESSAGING FOR POWER LEVEL PER 
SUBCHANNEL INFORMATION" 

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

Dear Sir: 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

Group Art Unit: 2611 

Confirmation No.: 8981 ! 

Examiner: Ghayour, Mohammad H. 

SUPPLEMENT AL 
INFORMATION DISCLOSURE 

STATEMENT 

Electronically Submitted 

The references cited on attached Form PT0-1449 are being called to the attention 

of the Examiner. 

~ 
D 

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. 

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

accordance with 37 C.F.R. § 1.98(a). 

D 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. 

D To the best of applicants' belief, the pertinence of the foreign-language references 

are believed to be summarized in the attached English abstracts and in the figures, although 

applicants do not necessarily vouch for the accuracy of the translation. 

~ Examiner's attention is drawn to the following related applications: 

Serial No. 13/004,254 filed 0-1-11-201 l (Attorney Ref. No. 5550-2-CON-2-1-3) 

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 

1 
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drawn as to the pertinence of the references based on the order in which they are presented. 

Submission of this statement should not be taken as an indication that a search has been 

conducted, or that no better art exists. 

It is respectfully requested that the cited information be expressly considered 

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

D 

D 

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): \ 

D Within three months of the filing date of a national application other than a continued prosecution 

D 

~ 

D 

application under 37 CFR I .53(d), or 

Within three months of the date of entry into the national stage of an international application as set 
forth in 3 7 CFR I .49 I or 

Before the mailing date of a 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 I.I 14. 

Although no fee is believed due, if any fee is deemed due in connection with this submission, please charge such fee to 
Deposit Account I 9- I 970. 

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

(I) a final action under 37 C.F.R. I.I 13 or 
(2) a notice of allowance under 37 C.F.R. 1.31 I, or 
(3) an action that otherwise closes prosecution in the application. 

This Information Disclosure Statement is accompanied by: 

D A Certification (below) as specified by 37 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 I 9- I 970. 

OR 

D Please charge Deposit Account I 9- I 970 in the amount of$ I 80. 00 for the fee set forth in 3 7 C. F. R. I. I 7(p) for 
submission of an information disclosure statement. Please credit any overpayment or charge any underpayment to Deposit 
Account I 9- I 970. 

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

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

D Applicants hereby requests consideration of the reference(s) disclosed herein. Please charge Deposit Account 
I 9-1970 in the amount of $180.00 under 37 C.F.R. I.I 7(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) 

D The undersigned certifies that: 
D 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). 

DA copy of the communication from the foreign patent office is enclosed. 

OR 

D No item of information contained in this information disclosure statement was 
cited in a communication from a foreign patent office in a counterpaii foreign 
application, and, to the knowledge of the undersigned after making reasonable 
inquiry, no item of information contained in this Information Disclosure Statement 
was known to any individual designated in 37 C.F.R. 1.56(c) more than three months 
prior to the filing of this statement. 37 C.F.R. l .97(e)(2). 

Date:_~//~M~NL~_,_~_,_/ ___ _ 

Respectfully submitted, 

SHERIDAN ROSS P.C. 

By: 
~·· Jason!f Vick 

3 

Registration No. 45,285 
1560 Broadway, Suite 1200 
Denver, Colorado 80202-5141 
(303) 863-9700 

Page 163 of 283



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In Re the Application of: David M. Krinsky 

Application No.: 12/779,660 

Filed: May 13, 2010 

Atty. File No.: 5550-2-CON2-1-1 

j Group Art Unit: 2611 

j Examiner: GHA YOUR, Mohammad H. 

) Confamation No.: 8981 
) 
) 
) 

For: MULTI CARRIER MODULATION MESSAGING FOR POWER LEVEL PER 
SUBCHANNEL INFORMATION 

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

SECOND PRELIMINARY AMENDMENT 

Dear Sir: 

Prior to the initial review of the above-identified patent application by the Examiner, 

please enter the following Preliminary Amendment. Although Applicants do not believe that any 

fees are due based upon the filing ofthis Preliminary Amendment, please charge any such fees to 

Deposit Account 19-1970. 

Please amend the above-identified patent application as follows: 

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

this paper. 

Remarks begin on page 9 of this paper. 

1 Attorney Docket No.: 5550-2-CON2-l-l 
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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 test infom1ation over 

a communication channel using multicarrier modulation comprising: 

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

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

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

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

comprises an array representing 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 test information over a 

communication channel using multicarrier modulation comprising: 

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

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

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

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

comprises an array representing power level per subchannel information. 

4 7. (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 test information 

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

2 Attorney Docket No.: 5550-2-CON2-l-l 
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transmitting a message, wherein the message comprises one or more data variables that 

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

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

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

representing 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 test information over 

a communication channel using multicai.Tier modulation, a method comprising: 

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

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

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

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

representing 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 non-transitory computer-readable information storage 

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

method comprising: 

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

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

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

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

representing power level per subchannel information. 

53. (Previously Presented) The media of claim 52, wherein the power level per 

subchannel information is based on a Reverb signal. 

3 Attorney Docket No.: 5550-2-CON2-1-1 
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54. (Previously Presented) A non-transitory computer-readable information storage 

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

method comprising: 

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

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

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

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

representing power level per subchannel information. 

55. (Previously Presented) The media of claim 54, wherein the power level per 

subchannel infonnation is based on a Reverb signal. 

56. (New) A communications system for DSL service comprising a first DSL 

transceiver capable of transmitting test information over a communication channel using 

multicarrier modulation and a second DSL transceiver capable of receiving the test 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 test information, wherein 

bits in the message are modulated onto DMT symbols using Quadrature Amplitude Modulation 

(QAM) with more than 1 bit per subchannel and wherein at least one data variable of the one or 

more data variables comprises an array representing 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 test 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. 

57. (New) In a communications system for DSL service with a first DSL transceiver 

capable of transmitting test information over a communication channel using multicarrier 

4 Attorney Docket No.: 5550-2-CON2- l- l 
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modulation and a second DSL transceiver capable of receiving the test information over the 

communication channel using multicarrier modulation, a method comprising: 

transmitting a message from the first transceiver, wherein the message comprises one or 

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

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

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

comprises an array representing Signal to Noise ratio per subchannel during Showtime 

information; and 

receiving the message at the second transceiver, wherein the message comprises the one 

or more data variables that represent the test 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. 

58. (New) One or more non-transitory computer-readable information storage media 

having stored thereon instructions that, if executed, cause a communications system for DSL 

service to perform a method comprising: 

transmitting a message from a first transceiver, wherein the message comprises one or 

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

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

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

comprises an array representing Signal to Noise ratio per subchannel during Showtime 

information; and 

receiving the message at a second transceiver, wherein the message comprises the one or 

more data variables that represent the test 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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59. (New) A communications system for DSL service comprising a first DSL 

transceiver capable of transmitting test information over a communication channel using 

multicarrier modulation and a second DSL transceiver capable of receiving the test information 

over the communication channel using multicarrier modulation comprising: 

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

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

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

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

comprises an array representing frequency domain received idle channel noise information; and 

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

one or more data variables that represent the test 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 at least one data variable of the one or more data 

variables comprises the array representing frequency domain received idle channel noise 

information. 

60. (New) In a communications system for DSL service with a first DSL transceiver 

capable of transmitting test information over a communication channel using multicarrier 

modulation and a second DSL transceiver capable of receiving the test information over the 

communication channel using multicarrier modulation, a method comprising: 

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

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

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

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

representing frequency domain received idle channel noise information; and 

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

that represent the test 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 frequency domain received idle channel noise information. 
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61. (New) One or more non-transitory computer-readable information storage media 

having stored thereon instructions that, if executed, cause a communications system for DSL 

service to perform a method comprising: 

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

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

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

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

representing frequency domain received idle channel noise information; and 

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

that represent the test 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 frequency domain received idle channel noise information. 

62. (New) A communications system for DSL service comprising a first DSL 

transceiver capable of transmitting test information over a communication channel using 

multicarrier modulation and a second DSL transceiver capable of receiving the test inf01mation 

over the communication channel using multicarrier modulation comprising: 

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

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

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

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

comprises an array representing power level per subchannel information; and 

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

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

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

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

comprises an array representing power level per subchannel information. 

63. (New) In a communications system for DSL service with a first DSL transceiver 

capable of transmitting test information over a communication channel using multicarrier 

7 Attorney Docket No.: 5550-2-CON2- l- l 
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modulation and a second DSL transceiver capable of receiving the test information over the 

communication channel using multicarrier modulation, a method comprising: 

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

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

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

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

representing power level per subchannel information; and 

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

that represent the test information, wherein the 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. 

64. (New) One or more non-transitory computer-readable information storage media 

having stored thereon instructions that, if executed, cause a communications system for DSL 

service to perform a method comprising: 

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

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

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

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

representing power level per subchannel information; and 

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

that represent the test information, wherein the 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. 

8 Attorney Docket No.: 5550-2-CON2-l- l 
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REMARKS/ARGUMENTS 

By this amendment, new claims 56-64 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 3 7 C .F .R. § § 1.16 and 1.1 7 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. 

D ,....-;:--- -1r ate: l 0 ,) ........ 

Respectfully submitted, 

SHERIDAN ROSS P.C. 

9 

asonH. Vick 
Registration No. 45,285 
1560 Broadway, Suite 1200 
Denver, Colorado 80202-5141 
(303) 863-9700 
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Entitled: "MULTICARRIER MODULATION 
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) 
) 
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Group Art Unit: 2611 

Confirmation No.: 8981 

Examiner: Ghayour, Mohammad H. 

SUPPLEMENTAL 
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which is relied upon for an earlier filing date under 35 U.S.C. § 120. 

cg] To the best of applicants' belief, the pertinence of the foreign-language references 

are believed to be summarized in the attached English abstracts and in the figures, although 

applicants do not necessarily vouch for the accuracy of the translation. 

D Examiner's attention is drawn to the following related applications: 

Serial No. filed (Attorney Ref. No. --~ 

Serial No. filed (Attorney Ref. No.--~ 

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

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

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

pertinence of any reference without the benefit of hindsight, nor should an inference be 
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drawn as to the pertinence of the references based on the order in which they are presented. 

Submission of this statement should not be taken as an indication that a search has been 

conducted, or that no better art exists. 

It is respectfully requested that the cited information be expressly considered 

during the prosecution of this application and the references made of record therein. 
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FEES 
37 CFR 1.97(b): No fee is believed due in connection with this submission, because the information disclosure statement 
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D Within three months of the filing date of a national application other than a continued prosecution 
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~ 

D 

application under 37 CPR l.53(d), or 
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Before the mailing date of a first Office Action on the merits, or 
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37CPR1.114. 

Although no fee is believed due, if any fee is deemed due in connection with this submission, please charge such fee to 
Deposit Account 19-1970. 

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

(1) a final action under 37 C.P.R. 1.113 or 
(2) a notice of allowance under 37 C.P.R. 1.311, or 
(3) an action that otherwise closes prosecution in the application. 

This Information Disclosure Statement is accompanied by: 

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

OR 

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

37CFR1.97(d): This Information Disclosure Statement is being submitted after the period specified in 37 CFR l.97(c). 

D This information Disclosure Statement includes a Certification (below) as specified by 37 C.P.R. 1.97(e) 
AND 

D Applicants hereby requests consideration of the reference(s) disclosed herein. Please charge Deposit Account 
19-1970 in the amount of $180.00 under 37 C.P.R. l.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) 

D The undersigned certifies that: 
D 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). 

DA copy of the communication from the foreign patent office is enclosed. 

OR 

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

Date: r O ... .'f '/.,) 

Respectfully submitted, 

SHERIDAN ROSS P .C. 

~---------------0..--_::--Jason H. Vick 
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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-
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Description 

FIELD OF THE INVENTION 

5 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 

10 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. 

15 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 

20 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 

25 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 

30 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. 

35 There is a considerable amount of bandwidth available in copper lines, however, that has gone unused by voice 
band modems, and this is why a proposal known as Asymmetric Digital Subscriber Line (ADSL) was suggested in the 
industry as a high-speed protocol/connection alternative. The practical limits on data rate in conventional telephone line 
lengths (of 24 gauge twisted pair) vary from 1.544 Mbps for an 18,000 foot connection, to 51.840 Mbps for a 1 ,000 foot 
connection. Since a large proportion of current telephone subscribers fall within the 18,000 foot coverage range, ADSL 

40 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-

45 piing 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-

50 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. 

55 Specifically, the proposed standard for ADSL divides the available transmission bandwidth into two parts. At the 
lower 4 kHz band, ordinary (POTS) is provided. The bulk of the rest bandwidth in the range from 4 kHz to about 1 MHz 
is for data transmission in the downstream direction, which is defined to be from the exchange to the subscriber. The 
upstream control channel uses a 160 kHz band in between. The signals in each channel can be extracted with an 

2 
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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-

5 dred V34 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 ex1remely 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 

10 (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 modern 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 

15 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 

20 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 

25 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 modern) 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 

30 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 moderns, but it is apparent that even a performance improvement of 1 O - 20 times than present day available 
analog modems would be sufficient for many consumer applications, such as Internet access and similar uses. Thus, 

35 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 

40 defined. As a result, there is uncertainty how existing and future modern-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. 

45 

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 

50 with simpler analog font end receiving/transmitting circuitry and is thus reduced in cost and complexity; 
A further object of the present invention is to provide a communications system which is fully compatible with high 

speed, rate adaptable modulation protocols such as used with ADSL, but which system is nevertheless implementable 
with simpler digital signal processing circuitry and is thus reduced in cost and complexity; 

Another objective of the present invention is to provide a method for transmitting data within a fractional, desirable 
55 portion of available bandwidth in a channel by modulating only a limited number of desirable sub-channel data carriers, 

so that a high speed data link can be achieved that is faster, and has reduced computation and hardware demands; 
Yet a further objective of the present invention is to provide a communications system with smaller peak-to-peak 

deviation in the sub-channels signals, so as to reduce the dynamic range required for the front end ADC, and to mini-
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mize quantization errors. 

Another objective of the present invention is to provide a high speed communications system having a data 
throughput that is easily controllable and expandable, so that the performance range of such system can be configured 
to any fractional percentage of total bandwidth available in a transmission channel, up to and including full bandwidth 

5 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 
10 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 

15 configure the performance parameters of such system using conventional personal computer hardware, software and 
operating systems; 

A further object of the present invention is to provide an interface between a host operating system and a high 
speed communications system that provide forward compatible and expandable functionality; 

An additional aim of the present invention is to provide an improved system for concurrent control of conventional 
20 voice data traffic on a POTS channel, and upstream/downstream communications on separate sub-channels; 

These objects and others are accomplished by providing a communications system that permits a host processing 
device to receive selected data within a narrow bandwidth from an upstream transciever which can and normally trans­
mits a large bandwidth analog data transmission signal through a connected channel. A channel interface circuit AFE 
samples the received analog signal to generate a digital signal. Only a limited portion of the bandwidth may be sampled. 

25 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. 

30 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 

35 consists of non-zero SNR information for the selected sub-channels, and a sub-channel blackout "mask" to eliminate 
the potential use of other sub-channels. The feedback information is sent by way of a front end transmitting circuit which 
transmits an upstream data transmission using a second frequency range different from the downstream transmission. 

One implementation of the aforementioned high speed system is in a personal computer, so that the signal 
processing can be accomplished using a processor within such computer, which in a preferred embodiment is an X86 

40 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 

45 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, 

50 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-

55 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 indudes an auto calibration routine for setting such system 
parameters, or alternatively a user of such program can tailor the settings subject to confirmation of the efficacy of such 
settings based on an evaluation of the processing power available to such user. 

Although the inventions are described below in a preferred embodiment implementing the ADSL standard, it will be 
5 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 tailback response 
to a failure in the channel, or because of a transmission rate reduction in the upstream transceiver. Unlike the present 

10 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 

15 controlling the overall frequency spectrum of the downstream data transmission. Moreover, in such prior art systems, 
no effort is made to measure, identify or use an optimal portion of the usable bandwidth or set of transmission sub­
channels. Instead, such prior art systems typically use whatever available bandwidth or sub-channels happen to be 
usable at that instant in time. 

Similarly, while a fixed 300 baud rate downstream modem can work with an upstream 33kbs rate modem this 
20 arrangement is also unlike the present invention. This is because, again, the bandwidth reduction in such prior art 

device is so large that it is considered commercially unusable by today's standards. Furthermore, the smaller bandwidth 
modem is not compatible with, and does not support, the higher protocols of the higher bandwidth modem, which is also 
undesirable from an implementation standpoint. Stated another way, unlike the present invention, the lower end modem 
limitations of prior art system force the data link to be set up using a low level protocol that does not take advantage of 

25 the full capabilities of more advanced protocols. 

30 

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 ADSUDMT bandwidth allocation for upstream and downstream data in a 
channel based on frequency division multiplexing (FDM) configuration. 
Figure 1 B 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 ; 

35 Figure 1 C is a pictorial depiction of a SNR curve for a typical subscriber loop channel using sub-channel modula­
tion; 
Figures 1 D - 1 G 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-

40 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 38 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; 

45 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, 

50 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. 

55 

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" 

5 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 

10 different frequency bands for separate downstream and upstream transmissions. As shown in Figure 1, the upstream 
transmission uses subchannels from channel number 6 to 31, and the downstream transmission uses subchannels 
from channel number 41 to 255. While the remainder of the discussion below focuses on an system employing FDM, it 
will be appreciated by those skilled in the art that the present invention is adaptable and can be used beneficially with 
echo-cancellation approaches as well. 

15 As with most communication environments, the transmission bit rates for both upstream and downstream commu-
nications in ADSL are not fixed but instead are determined by the quality of the channel. In the present invention, a 
number of well-known techniques can be used advantageously for setting up the initial data link. In general, these tech­
niques work as follows: during initialization, the channel quality is measured and a certain data rate (typically a number 
of bits) is assigned for each DMT subchannel; thereafter, a "hand-shaking" process is used to dynamically and adap-

20 tively change the bit loadings (and energy levels). The latter is often necessary because (among other things) changes 
may occur in the overall channel characteristics, changes in the target bit rate may be needed, or new bit distributions 
in the sub-channels may be required because of degradations in one of the sub-channels. 

The quality of the sub-channel response can be measured by the received signal to noise (SN R) ratio. According 
to the Shannon theorem. the upper limit of the number of bits per unit Hz that can be transmitted is log2(1 +SNR). There-

25 fore, by measuring the received SNR at the receiver end, one can determine the number of bits allocated for each 
subchannel modulation. The total data throughput race achieved by the system, therefore, is 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 µsec. The number of 
bits that can be processed over one such time frame is the summation of the bits allocated for each subcharnel deter-

30 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-

35 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 prior art ADSL standard transceiver approaches 6 Mbps, which 
is more than 200 times the speed of conventional analog modem technology. This requirement was imposed since a 

40 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-

45 width of ADSL. By processing only a fraction of the available bandwidth of the ADSL standard, the present invention 
permits a limited but extremely useful ADSL modem to be implemented with significantly less expense and complexity 
than previously possible. At the same time, because the present invention has modular characteristics, the proposed 
implementation of the present invention affords users an easy path to forward and upward expansion of the overall func­
tionality of their system. 

50 The principle behind this aspect of the present invention is as follows: As shown in Fig. 1 B, if the transmission in 
the channel is restricted to a smaller bandwidth by an anti-aliasing filter 80, according to the Nyquist sampling theorem, 
the sampling rate of AFE devices (such as ADC 81) that perform analog to digital conversion can be significantly 
reduced. Specifically, if the total downstream bandwidth is limited to some fractional total B Hz (in a preferred embodi­
ment using DMT in an ADSL environment, B = 20 DMT channels or about 86 kHz) as shown below, we can limit the 

55 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 = ( L i=1,k bi) * 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 perlormance 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 

10 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 
15 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 
20 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 direcHy as func­
tion of the number of subchannels that need to be processed. This is because, in general, most of the processings are 

25 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 (SNR) 

30 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. 1 C, 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 

35 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 

40 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-

45 width can achieve a satisfactory perlormance 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-

50 ards, the bit rate for each sub-channel is determined initially (and preferably dynamically on an ongoing basis) by the 
sub-channel SN R 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-

55 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. 

5 As the technology improves for AFE devices and DMT implementation, the number of subchannels supported by a 
system using the present invention can increase. As a result, such systems can upgrade completely to a full T1 E1 .4 
ADSL implementation using a single higher end modular replacement APE devices, or alternatively, a number of lower 
end modular AFE devices. 

10 GENERAL EMBODIMENT OF PRESENT INVENTION 

The basic structure of the present invention 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-

15 erence to Figs. 3A and 38. 
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 

20 interterences. 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 intertacing 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-

25 ence of a transmission signal originating from an upstream transceiver (not shown). 
The full bandwidth signal is either low passed or bandpass limited to a frequency width B by suitable, well-known 

techniques as it passes through bandpass Filter and Analog/Digital Converter 280, so that only a fraction of the signal 
in the frequency domain is passed on to Buffer and DMT Receive Core 260. Again, the only important consideration for 
Subband Filter 280 is that it must constrain the bandwidth of the incoming signal to be::::; B, where the sampling rate of 

30 the Analog/Digital Converter is~ 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 

35 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 

40 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 
45 276 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-

50 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 

55 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 

5 perceived by upstream transceiver to be compatible with protocols and performance characteristics of the upstream 
transceiver, because the upstream transmitter receives feedback information indicating merely that 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 

10 that the DAG 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. 

15 Again, while the ADSL standard fixes the data error rate to be 10 · 7. it is conceivable that other applications of the 
present invention may tolerate a reduced error rate. For example, if maximum data throughput is required (i.e., the mar­
gin is less constrained) then the largest bit capacity sub-channels within B can be selected. Alternatively, if the system 
is error-performance driven and has more relaxed throughput requirements, than the 20 subchannels with the best mar­
gin are selected. A suitable combination of sub-channels can be selected by one skilled in the art based on the partic-

20 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-

25 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-

30 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 

35 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. 

40 

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. 

45 (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) 
50 in the DMT Rx Core have a frequency shift 

[b] Since not all 256 subchannels are necessarily supported by the DMT Rx Core 260, actual FFT implemen­
tation can be smaller, simpler and more cost-effective; 

(iv) Control logic 295 permits the system to behave essentially like a conventional analog modem, and is used to 
55 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 otherwise 
indicated, there is no material difference between Splitter 210 (Fig. 2) and Splitter 310 (Fig. 3A). 

10 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 

15 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 Q.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 com-

20 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. 

25 PARTIAL SOFTWARE BASED EMBODIMENT 

In the above dedicated hardware embodiment, the overall speed (data throughput) can be maximized but with less 
flexibility for upgrades. This is because upgrades to such a system must take the form of hardware replacements, which 
can be more costly and difficult for the user to incorporate. On the other hand, as depicted in Fig. 38, a number of impor-

30 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-

35 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 

40 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 

45 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 
50 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 

55 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 

5 teachings herein therefore provide for a new device driver that in combination with hardware 396 operates as a "soft­
ware" modem. In this manner, operating system 480 classifies this combination as an ADSL modem, or in other words, 
another typical personal computer peripheral device, analogous to conventional voice-band modems. 

Generally speaking, device driver 400 works as follows: a user of processing system 398 desiring to establish a 
data link to a remote site for transmitting/receiving data initiates such link through an application program (Fig. 5). Oper-

10 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 41 O 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 

15 Port Interface 475 so that conventional modem dialing instructions and handshaking signals can be imparted to Modem 
Card 396 to establish a link through channel 100 to an upstream conventional ADSL transciever (not shown). As 
explained above, after suitable handshaking protocols have been completed, the upstream fully compatible ADSL 
transceiver will begin transmitting data on all available M usable sub-channels. This downstream data is filtered by FIL­
TER/ADC 380 and at this time, information for only N sub-channels (N<=M) is temporarily held in Buffer 370. At or 

20 before this same time, an interrupt is generated by bus interface 385 and passed through device driver bus interface 
410 to alert Interrupt Service Router 415 to the existence of downstream data requiring processing. Thereafter, DMT 
Receive Core 460 begins processing the downstream data stream in response to control information from ISR 415. A 
demultiplexer 465 extracts and correlates the data in the various sub-channels before passing it on to Serial Port Inter­
face 470, and back to Operating System 480. In this manner, Device Driver 400 coordinates with Modem card 396 to 

25 effectuate a sofware modem whose performance is directly correlated to the computing power of a processor contained 
within the host processing device. 

As mentioned earlier, Device Driver 400 also contains control information for configuring the number and selection 
of sub-channels to be used in the particular data link established through channel 100 with the upstream transciever 
during an initialization process. As also mentioned above, this control information may be self-determined by a user of 

30 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:::; N of the sub-channels of the driver selection. This data is passed under con-

35 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 request from a remote modem for initiating 
the data link. The process for initializing the link, nevertheless, is essentially the same as that described above. Device 
driver 400 can also contain control logic for supporting typical dial-up modem operations and control codes from con-

40 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-

45 cated applications. 
Given the teachings of the present invention, the general design of the above Data Pump Device Driver 400 is a 

routine task well within the abilities of one skilled in the art The specifics of such implementation are not critical or 
essential to the present inventions, and will vary from application to application according to system designer require­
ments, so they are not included here. Again, while this embodiment of the present invention is set out in the context of 

50 a PC based host processor running Windows, it will be apparent to those skilled in the art that above description is 
merely an exemplary implementation. The referenced DMT routines, associated control and handshaking codes can be 
employed in numerous host processing/operating system environments, and in a variety of different coding organiza­
tions (high level or low level processing forms) well-known in the 

In the preferred embodiment implemented using a standard PC running Windows, Control/Application interface 
55 500 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. 38 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 

5 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 µs. Therefore, by incrementally increasing the sub-channel count, the overall effect on total system processing 
overhead can be determined. ControVApplication 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-

10 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 1 B. 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 

15 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 modern. 

An example of the flow chart for an ADSL mo dern 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 

20 first time, dynamically control a forward compatible and expandable modern, 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-

25 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 
30 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 

35 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; m estimations and/or target system sub-channel utilization; (k) estimations and/or tar-

40 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 
45 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, 

50 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 

55 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. 

5 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 

10 Windows, it will be apparent to those skilled in the art that above description is merely an exemplary implementation. 

15 

The referenced Control/Application Interface can be employed in numerous host processing/operating system environ­
ments, and in a variety of different coding organizations (high level or low level processing forms) well-known in the art. 

MULTIPLE AFE AND LOWER SAMPLING SPEED EMBODIMENT 

Figure 6 illustrates an example of the present invention wherein a user can achieve significantly increased data 
throughput using multiple low cost, low sampling speed AFEs, generally designated 680A, 6808, 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 

20 can be implemented in a fixed hardware configuration, or individually programmed/controlled to pass a certain portion 
of the downstream data transmission. Assuming suitable processing power is available for DMT modulation/demodula­
tion (either through a dedicated or software implementation as described above in connection with Figs. 3A and 38) a 
user of such system can achieve substantially expanded functionality by upgrades having performance characteristics 
and costs of their choice. 

25 

UNDERLYING THEORY OF PRESENT INVENTION FOR ADSUDMT 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 

30 ADSUDMT signal. It will be apparent to those skilled in the art, after reading this discussion, that the present inventions 
can be advantageously used in a number of rate adaptable communications environments, including CAP implementa­
tions of ADSL. 

35 

DMT Transmitter 

To simplify the present discussion, only a subset of the DMT transmitter is considered, as shown in Figs 1 D and 
1 E. 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. 

40 In this subsection, we analyze the signal over one band pass filtering process. The result shows that the DMT sig-

45 

50 

55 

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. 1 D, N (N=512) frequency domain variables are transformed into the time 
domain by IFFT block 60 

Cyclic Prefix 

c time domain variables at the end are added to the prefix of the sequence as shown in Fig. 1 D by block 70 
{zn}={Z_c,Z-c+l• ••• ,Z_1,Zo,Z1, ••• ,ZN-1}={YN-c• ••• ·YN-1·Yo· ••• ·YN-1} 

AFE/DAC 

Discrete time domain sequence are converted by AFE 75 to the continuous time domain waveform as follows: 
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n=-OC 

5 where PTx ( t) is the transmitter pulse of the AFE/DAC used, and Tc is the transmitter DAG dock period and equal to 

T = 250µsec 
c N+c 

10 according to the DMT ADSL specifications. 

Channel 

With reference now to Fig. 1E, if the channel impulse response is hc(t), we have 
15 

00 

n=-oo 

Bandpass Filtering 

If the bandpass filter 80 has an impulse response of 
25 

n = -oo 

AFE/ADC 

Let the sampling clock be Ts =Tc x L. This means a slower sampling by a factor of L for AFE 81. Thus, 
35 

n = -oo n = -oo 

40 For causal pulse PBPF (t), we have 

n = -oc n =0 

45 

Shortening FIR (SFIR) 

After AFE discrete time sampling, a time domain equalizer (TEQ) called SFIR 82 is used to reduce the combined dis-
50 crete time impulse response to a duration smaller than c. If the SFIR response is hsFIR[n], we have 

55 
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-
rk = L W1:-ihsFrR [i] 

i=O 

= ~[ i.z11PBPF([kL-n-iLJTc>]hsF1R[i] 
1=0 11=--= I,z,.h101 [kL-nJ 
11=--.. 

= I. ZkL-nhtot{n] 
n=O 

h,0 t[kL-n] = l:,hsF!rJi]p8PF([kL-n-iL'fZ) 
i=O 

If we perform discrete Fourier transform at block 84 for htot [n], we obtain H ror[ro]= H SFIR [Lro]H BPF [ro] where HsFIR 

[Lro] and Happ [ro] are the DFT's with period l(LTc) and I/Tc, respectively. Their spectra can be illustrated as shown in 
Fig. 1 F for L=5. 

Dropping Cyclic Prefix 

By dropping the cyclic pref ix of I ength c/L, at block 83 we consider only s k = r k' k =0, • • • , N 1 -1 , where N 1 = NIL. 

30 FFT 

Performing FFT at block 84 for s k• k=D. • • • ,(N/L)-1 , one obtains: 

35 
q n = 

N.J-.-1 L s 
1 
e - j 2 ;rnl I N 1 

l=O 

= 
N -I 
~- -j11Cnk I N 1 L r1r.e 

k=O 
40 

= Ni-I( - ) "" "" .h ( "] -j21Cnk IN 1 
4.,, 4.,, z kL -1 tot l e 

k=O i=O 

= Nf-1 -~ h ("] -j2trn(kL-i)JN 1 -j21Cni/N 1 
4.,, z kL -i tor l e e 

45 k =O i=O 

= 
- Nf-l ~ _ -j21rn(k.L-i)IN 1 h [i]e-j2trni!N 1 k Zu_,e rot 

i=O k=O 

50 = 
c Nf-l · kL . IN ·2 . IN ~ -J21Cn( -1) 'h ["] -1 lffll 1 

4.,, zk.L-ie tot l e 
i-0 k=O 

= ~ N~-I -j1itn(kL-i)IN 1 h ("] -j21tnilN1 
L L Y kL - i e rot l e 
i=O k=O 

55 

where we assume h1ot [1] is only nonzero for i = 0, • • • , c. For a given i , let us define 
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We can then define i'=l'L-i. where i'=O,. .. , L-1 . Therefore, i=f'L-i' 
From the above definitions, we have 

Therefore, 

c Nf-1 
q,. = '° YkL ·e-j2trn(kl-i)IN1h [.] -j21rni IN 

"- -1 tot l e • 

Since 

we have 

= i"[';±-•y kL •I'' - j2xn(kL +i')I N, ]hror [i]e - j2irni IN I 

i=O le =O 

= i [Nt-1(Y1x1ej2.1t(k.L+i')i!N }-i21Cn(k.L+i')tN1 ]h [iJe-i2trnilN1 
i=O k =0 l=O rot 

= t [Nt-1 Ylxrej2tc(k.L+i')(l-n)IN ]h1ot [i]e-j21t'~IN1 
1=0 k=O 1=0 

= f [Y 1
x 1 N±-lej2tr(kl+i'Xl-n)IN ]htot (i]e-j2irni!N 1 

1=0 l=O k =0 

N 1-1 

L ej2n(kL+i')(t-n)tN = 0 when(/ - n) * mN 1 • 

k=O 
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Knowing that h101 [1] is zero for i < 0 and i > c , we have 

5 

10 

15 

Since 

20 

25 

30 

35 we have 

40 

45 

50 

55 

q = NI ""' " x e j2tri'm IL h [ "] - j2;rni IN c [ L-1 ] 
n L L mN 1+n tor l e 1 

i=O m=O 

- [ L-1 ] =NI ""' "x e)2tri'mll h ["] -jltrni/N L L mN 1 +n 101 l e 1 
i=- m=O 

oo l-1[ L-l ] = N1 L L L xmN,+11ejZ;ri"m/L hw1 [lL - i']e-j2irn(ll-i')IN 
l=-- i'=O m=O 
L-1 L-1 -

=Ni L xmN1+11 L ej2tci'mll L hrot [IL - i']e-j2;rn(lL-i')IN 

m=O i'=O i=-

Ihroc[lL-i']e-j2nn(iL-i')I N = Ihror[LL-i']e-j(J)(_IL-i')i:: I 
I=- l 

=-- (J)=2nn/ ~ 

where 

= F{h,0 ,(t)f 8(1-(IL-i'JTc) ~ 
n<F2.nn/~ 

= i!r <;co1(ro) ®[t;_ Io(ro- if._ )ej2ml!L] 
c: I c 

w=.'bur.I~ 
=_I_ " r ( 21111 _ 1Jrl )ej1Jrltt L 

LT.. k. Vtot NT. LT. 
c I c c 

l-1 L-1 -
q 11 = NI L x mN I +n L e j11ti'm. IL L htol [IL - i' Je - j2nn(IL-i')I N 

m=O i'=O l=--

= N 
1 
~1 

x ~I e j2tci'm I l _J_ '° H (.llm... _ 2trl )e )Ztrli'l l 
L mN 1 + n L LT ~ tot NT LT. 

m=O i'=O c l c • 
l-1 l-1 

- .!!..L " x '° H ( 2trn _ 21Cl)" e j2ir(l+m)i'I L 
- LT L mN 1+11 L tot NT LT ~ 

c m=O I ' c i'=O 
L-1 

Nr '° H (.lluL "'7rm) = T L x mN I +n IOI NT + a 
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Relationship between % and xn 

As shown in Fig. 1G if Hr0 ln] is a bandpass filter and nonzero only in the intervals [k(N/2L), (k + l)(N/2L)] and [(2L-k­
l)(N/2L) (2L-k)(N/2L)], where Os k < L, the possible values of m that 

10 is nonzero for Os n <(NIL) are as follows. 

Evenk 

If k is even, we can have m=k/2 and 0 s n <(N/2L) so that 
15 

Hr01 [m{N IL)+ 11) 

20 

is nonzero over the interval [k(N/2L), (k + l)(N/2L)], and m=(L-l)-kl2 and (N/2L) s n <(NIL) so that 

H10r[m(N IL)+ 11J 

25 

is nonzero over the interval [(2L-k-l)(N/2L), (2L-k)(N/2L)]. 

Oddk 

30 If k is odd, we can have m=(k-1)/2 and (N/2L} s n <(NIL) so that 

35 

40 

H,.11 [m(N IL) +11) 

is nonzero over the interval [k(N/2L), (k + l)(Nl2L)], and m=L-(k-1)12 and Os n <(Nl2L) so that 

8 10,[m(N IL)+ 11] 

is nonzero over the interval [(2L-k-l)(N/2L), (2L-k)(N/2L)]. 
The above discussion is illustrated in Fig. 1 G for L = 3. 

In another variation that can be used in the present invention, similar advantages to those obtained by limiting 
45 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 

50 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 

55 with selectable control to effectuate a restricted upstream transmission on limited sub-channels. Again, with respect to 
the ADSL standard, the only requirement in this respect is that the upstream pilot tone must also be transmitted to 
establish a valid data link An optional limited "upstream" transmission can be effectuated in a variety of ways by the cir­
cuitry already described above in connection with Figs. 2 and 3. The exact details of such implementation will be appar-
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ent to those of skill in the art given the present teachings. 

Although the present invention has been described in terms of a preferred ADSL embodiment, it will be apparent 
to those skilled in the art that many alterations and modifications may be made to such embodiments without departing 
from the teachings of the present invention. For example, it is apparent that the present invention would be beneficial 

5 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. 

10 Claims 

15 

20 

25 

30 

35 

40 

45 

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: 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

a channel interface circuit for coupling to and receiving said analog signal; and 
a front end receiving circuit for processing the analog signal and converting it to a digital signal; 
a processing circuit for extracting N data carrying signals (N <M) from the digital signal using a first frequency 
portion f1 of the digital signal (f1 <F). 

The system of claim 1, wherein the N data carrying signals are selected by the processing circuit based so as to 
minimize the amount of processing required to extract the selected data from the digital signal. 

The system of claim 2, wherein the N data carrying signals can be selected during a initialization process setting 
up a data link to the upstream transceiver. 

The system of claim 3, wherein M data carrying signals can be sent by the upstream transmitter during a initializa­
tion process, and thereafter, only N data carrying signals are sent. 

The system of claim 1, wherein the front end circuit includes: (i) a sub-band filter for passing the first frequency 
bandwidth portion 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 f2 of said bandwidth F and an analog to digital converter. 

The system of claim 7, wherein a target data rate of the system can be increased by processing an additional 
number of data carrying signals P from the M data carrying signals, where N+P <M. 

The system of claim 1, wherein the selected data to be extracted from the bandpassed data can be controlled by a 
user of such system. 

10. 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. 

50 11. 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. 

12. 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, 

55 even during times when said channel is capable of supporting more than N data carrying signals. 

13. 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. 

14. The system of claim 1, further including a front end transmitting circuit for transmitting an upstream data signal 
5 using a second frequency bandwidth F2 different from F, and L data carrying signals, and where L < M. 

10 

15 

20 

25 

15. 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. 

16. 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. 

17. The system of claim 15, wherein the selection of the N sub-channels can be done during the initialization proce­
dure. 

18. The system of claim 15, wherein the value of N is based on signal processing capability of the processing circuit. 

19. 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. 

20. The system of claim 15 further including a front end transmitting circuit for transmitting control information to cause 
30 said upstream diver to transmit downstream data only using the N sub-channels. 

35 

40 

45 

50 

21. 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. 

22. 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. 

23. The system of claim 22, wherein the value of N is based on signal processing capability of the host processing 
device. 

24. 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. 

25. The system of claim 22, wherein the upstream transceiver uses discrete multi-tone (DMT) modulation for generat-
55 ing the M modulated sub-channels. and the channel supports asymmetric digital subscriber loop (ADSL) transmis­

sion standards. 

26. 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 

5 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. 

27. The method of claim 26, wherein the data rate of the system can be increased by processing an additional number 
10 of sub-channels P from the M sub-channels, and where N+P <M. 

28. The method of claim 26, wherein the upstream transceiver uses discrete multi-tone (DMT) modulation for generat­
ing the M sub-channels. 

15 29. The method of claim 26, wherein the reduced data rate R' can be specified by a user operating the downstream 
transceiver. 

20 

30. A high speed communications data receiver for communicating through a channel at a data rate X with a upstream 
transmitter capable of transmitting a data stream at a rate Y (X<Y), the receiver comprising: 

a channel interface circuit for coupling to and receiving 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-

25 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. 

30 31. The system of claim 30, wherein the analog front end circuit further includes one or more sub-band filters for filter­
ing the analog data signal to generate the fractional portion of the data stream that requires data sampling and 
extracting. 

32. The system of claim 30, further including a front end transmitting circuit for transmitting the transmission control sig-
35 nal from the processing circuit to cause said upstream transceiver to transmit downstream data only at said data 

rate X. 

33. 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 

40 channel is capable of supporting more than said data rate X. 

34. The system of claim 30, further including a front end transmitting circuit for transmitting an upstream data transmis­
sion using a data rate Z, where Z < Y 

45 35. 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. 

50 

55 

36. A high speed communications data receiver for communicating through a channel with an upstream transmitter that 
is capable of transmitting a data signal with a particular frame rate T and data rate Y, the receiver comprising: 

a channel interface circuit for coupling to and receiving said data signal; and 
an analog front end circuit for sampling the data signal and converting it to a digital signal; and 
a processing circuit that: (i) is configurable for processing the digital signal at a data rate <=X and using said 
frame rate T, where X is determined for such processing circuit prior to initialization of a data transmission and 
X < Y/2; (ii) generates a transmission control signal for causing said upstream transmitter to transmit at a data 
rate no greater than X during a data transmission; 
wherein signal processing requirements for the processing circuit are reduced because processing is only per­
formed at a fractional rate of the available data rate of said transmission protocol. 
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37. 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. 

5 38. The system of claim 36, wherein the feedback information including the data rate X can be controlled by a user of 
such system. 

39. The system of claim 36, wherein the ratio of X to Y is approximately .2 or less. 

10 40. 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 

15 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-

20 quency bandwidth portion f1 of said bandwidth and for generating feedback information indicating to the 
upstream transceiver that the bandwidth other than f1 is unsuitable for data transmission; and 

25 

(iii) a front end transmitting circuit for transmitting the feedback information using a second frequency 
bandwidth portion f2 to cause said upstream transceiver to transmit downstream data only using the first 
frequency portion f1. 

41. 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. 

42. The system of claim 40, wherein the feedback information contains intentionally altered channel characteristic 
30 information. 

43. 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. 

35 44. 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 XN < 1/2, 
the receiver comprising: 

a channel interface circuit for coupling to and receiving said analog data signal; and 
40 an analog front end circuit for data sampling the analog signal and converting it to a digital signal; and 

45 

50 

55 

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. 

45. The receiver of claim 44, wherein said rate X is determined during a calibration routine. 

46. The receiver of claim 45, wherein said calibration routine is executed by a host data processor to determine the 
capabilities of such processor. 

47. The receiver of claim 44, wherein said rate Xis configurable by a user of such receiver based on performance char­
acteristics of a host processor comprising a portion of the processing circuit. 

48. The receiver of claim 44, wherein XN is approximately .5 or less. 

49. 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 

5 generating a transmission control signal for causing said upstream transmitter to transmit at a data rate no 
greater than X during a data transmission. 

50. 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 

10 channel is capable of supporting more than said data rate X. 

51. The method of claim 49, wherein the feedback information including the data rate X can be controlled by a user of 
such system. 

15 52. The method of claim 49, wherein said rate X is determined during a calibration routine. 

53. The method of claim 49, wherein said rate Xis configurable by a user of such receiver based on performance char­
acteristics of a host processor comprising a portion of the processing circuit. 

20 54. 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 

25 (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 

30 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). 

55. The method of claim 54, further including a step prior to step (a): receiving a control signal from a user of such sys-
35 tern for determining the effective receiving rate X. 

56. 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. 

40 57. 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 
45 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 

50 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. 

55 

58. The system of claim 57, wherein the front end receiving circuit includes a filter for passing the first frequency band­
width portion f1 of said bandwidth F; (ii) and an analog to digital converter. 

59. 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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60. The system of claim 57, wherein the modifications include adding an additional number of front end circuits kin the 
system each with a bandpass frequency f1 to result in N*k data carrying signals being included within the digital 
signal. 

5 61. The system of claim 57, wherein the first frequency bandwidth portion f1 is programmable. 

62. 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. 

10 63. 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. 

15 64. 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. 

20 

65. 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. 

66. 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. 

25 67. 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. 

30 

35 

40 

45 

50 

68. 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 f1 from said upstream transceiver; and 
(g) generating a digital signal based on sampling the analog data transmission signal; and 
(h) transmitting the digital signal to the host processing device so that it can be processed to extract selected 
data from the data carrying signals; 
(i) when a data rate increase is required, expanding the first frequency bandpass portion f1 and returning to 
step (a). 

69. The method of claim 68, further including a step of: determining an optimal size and location of first frequency 
bandpass portion f1 so as to minimize the amount of processing required by said host processing device to extract 
the data from the digital signal. 

70. The method of claim 68, wherein the ratio of f1 to F is approximately .5 or less, and a data rate of such interface is 
controlled by controlling this ratio. 

71. The method of claim 68 wherein the analog data transmission is comprised of M modulated sub-channels within 
55 bandwidth F, and the selected data is contained in N of the M sub-channels within first selected frequency band­

pass portion f1. where N < M. 

72. The method of claim 68, further including a step: determining an optimal set of N sub-channels so as to minimize 
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the amount of processing required to extract the data from the digital signal. 

73. The method of claim 68, further including a step wherein protocol information pertaining to standards applicable to 
Asymmetric Digital Subscriber Loops is transmitted by the upstream data transceiver so as to set up a ADSL com-

5 patible data link. 

10 

15 

20 

25 

30 
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40 

45 

50 

55 

74. 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 > f1, so that 
the selected data is received at an increased rate equal to approximately f2/f1 . 
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(541 Adaptive bit swapping between channels of a discrete multitone system 

(571 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; (g) determining (218) whether the second difference 
value is equal to or greater than the predetermined threshold value; and (h) correcting (220) bit and power 
assigning tables of a transmitter and a receiver if the second difference value is greater than or equal to the 
threshold value. In addition, the bit and power assigning tables can be corrected accurately since bits and 
power are swapped using an actually measured SNR. 
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ADAPTrvB B:CT SWAPP:cNG METHOD AND DEV:CCE 

POR D:CSCRETE MtJLT:CTONE 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 multid.arrier is generally used in a DMT system to ....... 

use a channel efficiently for transmitting data. Basically 

in multicarrier modulation, seyeral 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}. 

Amplitude Modulation 

These sub-signals are Quadrature 

(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-chann~l 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 
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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 maximum error value and a minimum 

error value is a predetermined threshold value (generally 
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3d.B) or above, and if the difference is the threshold value 

or above, the procedure goes to the subsequent step; 

3. the bit number of a value in a bit allocation 

table for a sub-channel having the maximum error value is 

decreased by 1, while the 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 a steady state; {b) selecting a frame having an 

inserted sync block from a frame structure of said 

transmitted data; (c) calculati.ng 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 nit swapping device functioning as a receiver for 

restoring the transmitted data to the original form by 

4 
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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 

transformingineans for receiving the output of said time­

domain equalizing means and demodulating said data signal 

modulated in said transmitter; fre.quency-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 

predetermi'ned 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} 

converterioe, a receiver 102 including an analogue/digital 

(A/D) converter 110, a fast Fourier transformer (FFT} 112 

6 

Page 239 of 283



5 

10 

l.5 

20 

25 

and a decoder l.14, and a transmission path (a transmission 

channel or a channel) l.16 . 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 several. 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 11.0 via the transmission path 

116. 

The receiver 102 performs the operations of the 

transmitter 100 in a reverse order. The receiver 102 

consists of three components for performing time recovery, 

filtering, and channel check functions, respectively. 

An adaptive bit swapping device for a DMT system 

according to an embodiment of the present invention is 

shown in Fig.3 and includes an A/D converter 300, a time­

domain equalizer (TEQ) 302, an FFT 304, a frequency-domain 

equalizer (FEQ) 306, a decoder 308, and an SNR measurer 

310. 

Referring to FIG. 2, showing an algorithm for a bit 

swapping method for a DMT system according to an embodiment 

of the present invention, when the DMT system is activated 
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to transmit data, it is initialized with regard to the 

channel conditions of the transmitter and receiver, in step 

200. The initialization is divided into activation & 

recognition, transceiver training, and channel analysis & 

exchange. The initialization in the embodiment of the 

present invention is especially concerned with channel 

analysis, since the SNR. of each sub-channel of a channel 

formed between the transmitter and the receiver is measured 

and the number of bits and power are assigned according to 

the variation~in 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(S0-150). Steps 206-210 should be performed 

repeatedly for series of N sequent superf rames 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(SNR.rep) of each sub-channel 

is obtained by.averaging the N SNRs. Then, the difference 

value (or first difference value) between the presently 

obtained SMRx-ep and the previously obtained s~ 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 2 J.6. 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-channel in a transmitter are swapped. 

That is, the number of bit of a sub-channel having a 

minimum value is assigned to sub-channel having a maximum 

value. Thus, the corresponding parameters (a bit number and 

power table) should be changed to enable a receiver to make 

an accurate decision, in step 220. In step 222, it is 

determined whether the DMT system is off after step 220. 

If it is not off, the procedure feeds back to step 204, and 

if it is off, the bit swapping method of the present 

invention ends. 

Since the bit swapping only takes place once after at 

least one superframe has been transmitted (17msec is 

required· for one superframe transmission), a long time is 

required for the bit swapping. However, even though the 

channel changes during the time required for the bit 

swapping, this method can be used because a channel changes 

very slowly, for example by temperature, etc. 

Fig.3 shows a device for performing the above-

described method. The A/D converter 300 converts an 

analogue signal received via an input port IN into a 

digital signal. The TEQ 302 receives the digital signal 

from the A/D converter 300 and reduces a guard band used to 

remove an interblock interference (IBI) produced due to 

characteristics of a DMT system. For this purpose, a 

finite impulse response filter (FIR) may be used as the TEQ 

10 

Page 243 of 283



5 

10 

15 

20 

25 

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 31 O can be 

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 O 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 
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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 bit 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 

Page 246 of 283



5 

10 

15 

20 

25 

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 

predeterm1ned 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 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 

demodulating 

transmitter; 

said 

said 

time-domain equalizing 

data signal modulated 

means 

in 

and 

said 

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 obtaining the representative 

SNRs of said respective sub-channels from the output of 

said A/D converting means using a frame having an inserted 
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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 

decodin~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. 

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 trans£ orrning means for receiving the 

output o'f 

demodulating 

said 

said 

time-domain equalizing 

data signal modulated 
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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 
~ 

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 a second 

difference value being a difference 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 

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 substaatially 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 
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asymmetric 

transmitter 

transmitted 

digital subscriber line {ADSL) 

for encoding and converting 

via a channel, said system 

which 

data 

has a 

to be 

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. 

18 

Page 251 of 283



Application No: 
Claims searched: 

Patents Act 1977 

GB 9613602.3 
1-11 

Search Report under Section 17 

Databases searched: 

PaJ!Ilt 
Office 

Examiner: 
Date of search: 

David Midgley 
22 October 1996 

UK Patent Office collections, including GB, EP, WO & US patent specifications, in: 

UK Cl (Ed.O): H4P (PAQ,PAL,PEM) 

Int Cl (Ed.6): H04L 5/06,27/34 

Other: ONLINE:WPI 

Documents considered to be relevant: 

Category Identity of document and relevant passage Relevant 
to claims 

NONE 

X Document indicating lack of novelty or inventive atep 
Y Document indicating lack of inventive step if combined 

with one or more other documents of same category. 

& Member of the same patent family 

A Document indicating tec:hnological background and/or stare of the art. 
P Document published on or after lhe declared priority date but before 

the filing date of this invention. 
E Patent document published on or after, but wilh priority date earlier 

than, the filing date of this application. 

\C\ 
An Executive Agency of the Department of Thuie and Industry 

Page 252 of 283



(12) ~ ~4= ~ lR CB 2) 

(51)1nt.Cl. • W!l.lUlfclry JTIAJ~l'.lll.ii~ 

HO 4M 11/00 3 0 2 8627-5K 

H 0 4B 3/04 A 8226-5K 

H04L 1/00 E 6942-SK 

12/02 

8529-5K 

(21) :±t!1lti~ !fl'UllB61-502770 

(86) (22) t±ID B llBTD61 '¥Cl986) 5 JI 5 B 

(86)13l!~t±!Uii~ PCT/US86/00983 

(87)13l1~0~ifi:ry W086/07223 

(87)13l1~0~B BBTD61'¥Cl986)12JI 4 B 

(65)0~ii~ !ff~llB62-502932 

(43)0~8 llBW621'J=.(1987) 1lJI19 B 

(31)-lf)t~±*:i'ry 736200 

(32)-lf)t;B 1985'¥ 5 JI 20 E3 

(33)1f)t~±*l3ll *l3ll (US) 

(tj'lf~1f~ij)j(O)fi'jlttl) 

rnw:>J<r~ 1 J ~-~11ZiNUl~, ttPts 1 @JOJtf£~JffJC'~f§ 
90~~rttOJ2£~907-5xvjYr~xY~-v 

Gkm~~OJ~~C'7-5xvjYr~xY~-r90 

%~OJ,·~~~ftGT7-5~~~90~~~7b~ 

~~0·~~~~tt~7-5&U•n~~~~T0VA 

rbiz=~v'T, 

J::~2-~11Z~ 11Z~XOJ~~iz:: ~ ~ ntc ~I< OJm~11Z~ 11Z~x 
iz::~>f G T~{l'.:/ ;( ;(PX5J'~~!E9 0=F®'t, 
~-~1iziz::~i:T07''-5IvjYrOJ-fj[~~' t!Pi:S 1@] 10 
OJ2£R1:'~~90~~rtt~, OtNtOJMOJStt~n 

t 9:hl;C n 000J'li1f¥~!J!{v:iJ• G C n + 1 ) 000J'li1f¥~!J!{v: 

~ C'J:\!l1Jo9 0 iz::~9 0~5:ttJ:•n~~!E9 0 =Fm t, 
l:~2-~11Z~11Z~)(OJ~~iz::~~:htc9«TOJm~11ZOJ~ 

5J'tJ:•n~~M~•n~J:\!l~90U~U~M~90=F®' 

4~0SfZ6-3956 
(24) (44)01!1-B 'fflX:6'¥0994) 1Jl12E3 

F I 

H 0 4 L 11/ 02 

(71)t±l~.A. 999999999 

:rvt.''Y I- ::r-;t;v1V3:..; 

TY. 'J ;1.:1..g;-~13l1 95014 :h 'J 7 or1vc::.T 

J,1{--r1J ,1{/'0-r 10440 

c12)~E!flif t.1-,,,-1---11'7'. 1'-J 

TY.'} ;1.:1..g;-~13l1 95037 :h 1J 7 or1vc::.T 

~-ff:,.;t.~ o-9:..;?t.~7'. f5 
1 /' 2220 

(7 4)~.EIA. 'ff.El± ~* 5l~ 

2 
t, 
cOJU~M~~:nk~5J'tJ:•n~~m~•n~J:l!l~90 
)l[j'j~C',fiJ,EtJPJ~~iJ:·ti~]lfiJ~ ~T 0=f.@'t, 
,flj,EtJPJ~~iJ:-tiiJ'€!. ~ 0,¢,(0J{[l'[M P Cm a x) ~~!E9 
0=Ft\!'t, 
31J ~ ~T Gn0•niJ'.:COJm~1iziz=~>t9 0J::~cM P Cm 
ax) ~~G<iJ:~H~~~~TG:h07-5!J!ffiOJtt 

iJ'J::~cMP (max) iz::~Gv 1 iJ•X.li.:C:hJ:~1J,~v'~ 

~-~11ZOJtc600J~5J'iJ:•nOJ~xiz::~G < iJ:0 J:? iz::~ 
-~~~~tt~•n&U7-5~~~~T0=F®'t~~ 
{ifflGtcC t~iflffi&t90VAT bo 
rnw:>J<r~ 2 J J::~cOJJrll'l~f'f it=Fmi;i;, 

ff:m'.OJ~5J'tJ:•n v«JvOJ r- -:1';v~ITTPX9 0 =Fm t, 
~1< OJ~!E~ ntc~5J'tJ:•n v«JvOJ{u'i~ J::~cff:m'.OJ~ 

5J'tJ:•nv«~OJr-7~0J~OJ1~~t~60TM~OJ 

Page 253 of 283



3 

~~~~ 1r1!9X1->~1i" G=f.t\l't 1rJH!lll9 Gtflf~Hw::J<OJii'llttl~ 
1 r~ic:~ci\\OJ V /\ 7 L.o 
(~::J(~3)t7L.A&uB~-~-~~~T~~~ 

n, ~fr;; '1' ;(1f:~!E9GJ::~cOJ=F®'f;t 
l:~t7L.AtBtOJM~Dm0Y71f:Rft9G=f.@' 
t, 
J::~ct-T'L. A&u B ic::toit G?F~f§a~rsi'l' Y 5-1\;vr:f:l 
~5'l'Y/'1'~7-51rm•9G=f.@'t, 

~ 1 OJ!l'f111Z~x-~11ZOJmit1rl:~2t-T'L.AiJ•G B"'t~ 
m9G=F®'t1r~~G,~•~~O)~~~m!EOJ~1r~ 
9GtOJC'®VJ, 
~~,J::~~lOJ!l'fl~tt•~~OJmi't1rt7L.BC'~m 
9G=Ft\l't, 
t-T'L. B C'~{§Gtc~m~11ZOJ~~li\1f:1~U!E9 G=f.@'t, 
t-T'L. B 1:'1~U!EG tc~~li\1f:l:~2PJT!EOJ~~ittt~ GT, 
~-~YlZ!l'fJYJZ~)(ic::toitG{§~P/\ (dB) 1r~fE:9G=f. 
@'t, 

J::~m-Gk/'l'~OJ~-~~!l'fl~tt~:to~G~~OJ~ 
(dB) 1r~!E9 G=f.@'t, 

~•~z!Z!l'f111Z~xic::to it G f§~ o A 1r~•~z!Z!l'f111Z~xic::to 
it G J '1' ;z:·~~ic:f]Qffil'. G T~{l'.;J '1' :7:'1f:~!E9 G =Ft\!' t 
1r~~9Gtflf~~::J(OJii'littl~2~~~i\\OJV/\7L.o 

D''ESJJ OJ ~UH!tl: ~JtSJJ) 
J'ESjJO)~jJ; 

~~~ff 
;:ifs:J'ESJJf;t, -ffi~ic:, 7'-5D{§OJ~ffic:IJ,€!9GtOJC', 

~VJ~~~~' ~~tTL.~IJ,€!9Go 
{IHI~~~ 

m~, 7~5~7-51r~~~m9Gk~OJiflf~~MOJ 

(2) iflf01¥ 6 - 3 9 5 6 
4 

F •~3*"~ic: ~VJ {§~OJfml< OJ~~rsiic:{1i:f§JJ!7JfiJ'~~~~ 
ZlGo <: OJ{1J:f§JJ!7Jf t::f!Etl: t OJC'® VJ, ~{§iJ'fiti::b 

.tlGtflf!EOJa~rsiic: 001< OJ VF •~3*"~ic:":)v•T1~U!E Gti:it 

.tlf;ftl: G tl:v •o 
~ic:, V F•~3*"~0J{§~o/\fi!l'fl11Z~)(t~ic:tf£{l'.;9Go 
~{[!fi/ 'l' :J:'f;t, ~-~11Z!l'f111Z~)(ic:~>JG T{§~P/\~~ic: 

]]!1Jo~ .tlG J '1' ;z:·;z_"' 7 r ;J;~~C'® VJ, jili)~~i;i;, -r· 
V'\Jv (dB) C'r~U!E~.tlGo 
-H~,0WOJt7L.~,-~ti:x5-•1rmG~0~ 

10 j''-5~m'.1f:5i7Y7J(P]ic: v7 r 9G Lt ic:~ ~ T~{[!fi 
5 '1' Y J '1' :7:'& u{§~ o /\ 1rtllHS GT v •Go WU ;U;f, / \ 

5Y(Baran)ff:OJ*00iflf~1f~4 4 3 8 5 1 1 ~ic:f;t, jJ 
Y)i';J.;7 · -r·-5. 'l'Y7(Gandalf Data Inc.,)ic:~~ 
T~.@~.tltcSM9 6 0 0/\-;\- · t-T'L.t,fi];9G~ 
~t-T'L.iJ'Frfl7f,~.tlTv•Go J '1' ;z:·~S:iJ'®G~it, <: 
OJSM9600~, ~O)~m7-5~m'.1r4800b~ 

X.f;t 2 4 0 Obpsic: l::f1'V7 r J l.!Pi:S{!ff~'li"Go ;\ 
5Yff:OJtflf~~im7f,~.tlkV/\7L.~, 640)~~2£• 

~ .tltcm~z!Zic:~ ~ T-T'-51f:~{§9 Go 1\5Yff;OJV 
20 /\ 7 L.f;t, 5 '1' Y l:OJ:f\~ ti: J '1' ;z:·~~OJ !l'f111Z~X t IPJ t 

!l'fl~tt1r~9G·~~OJ~m1r•G1i°G<:t~~VJ, V 
F 5 '1' Y l:OJ J '1' :J:'OJ !l'fl11Z~X{IRff:'l11rtlllfl9 Gt OJC'® 
Go 1/.hT, ;\5Yff:OJV/\7L.f;t, VF5'l'Y/'1':7:' 
7-'\7J--~O)m~~O)•~~!l'f1~ttl'~m1r•G'li"Gc 
tic:~ VJ ~OJ/\Jv-7°'J r 1r{liJ•ic:{!ff~'li" Go 1\5 Y 
ff;OJV/\7-L.~,;:i[s:·~~' VF5'l'Y/'l'~/\'\7r 

JvOJ~11JiUl!s-:5v•T~m~z!Zf§~OJ::f-/ J- · ::f-~rJ 
i'l9T1rfitl:0o ;:ifs:J'ESjJf;t, ;\5Yff;ic:~~T!m~i:l~.tltc~ 

1J1f:ij [ ~*!* (''b OJC'®Go 
-~3*"~7J'¥JA.~.tl Tv•Go GiJ• GtJ:iJ'G, H~:f\tl::i:OJ• 30 
~3*v~fi7'TP 3'0Jtl'Ff!l'f111Z~x (VF) {§~1f:-~9 G ~ 

~[OJ0WOJV/\7-L.~, VF5'l'Y~~~T~~~.tl 

G!l'fJYJZ~X{JRff:'l10J{1'[f§JJ!7Jf1r~{l'.;V/\ r Uc:~~ Ttlllfl 
9GtOJC'®Gomt:k~ti:ffimJJ!7lf~,~mm~ti:m 

~OJj[ffi\{'f~OJ!l'fJ11Z~x~~ic::tov•T~~~~ ZlGo 1J.h T, 
m~O) rti Ji:,.f'f~O) !l'f111Z~x~~i;i;, m~OJJtfflUOJ !l'f111Z~x~ 

~1roo111:'~ G ~ 0 ic:J!!Jlf~ ZlGo ~{l'.;1rfiti: 0 ~itic: 
~,-H~,J::~OJJJ!7Jf1r~fi9Gk~OJ}]!~@M~~ 

~t~ZlGo 

0 ic:~~t~ .tl Tv'Go t-T'L.f;t, VF -~11Z{§~1f:tf£~Jff] 
G z7·~5 JV'i'W¥~1f:V F -~11Z{§~ic:xY:J- F G~ G 
T<:.tlGOJm~1rm•GT<:OJm~~~~T~~~.tlk 
-r·~ 5 JV'l'W¥~1r7':J- F9 G OJic:mv• G.tl Tv•Go 
retff:OJ v F -~3*"~f;t, t-T'L.OJ'IU~1rftff9 Gt ~ic:, 
m~OJx5-•~rC'7-51r~m9G<:tOJC'~G~ 

m'.1r~~9G~0tJ:~ttOJ~~~®Go <:.tlGOJ~~~ 

f;t, !l'f111Z~xic: ftRi¥9 G J '1' :J:'iJ' v F •~3*"~ic:t¥:tE9 G <: 
t-\', v F •~3*"~ic: ~ ~ T !l'f111Z~xic: ftRi¥9 Gfllf§JJ!7JfiJ' 
jill)..~ ZlG <: t-\', !l'f11£Z~)(ic: fiRff:9 G{§~P 7-iJ'®G <: 
t iJ'~;t ZlG 0 

-m~ic:, v F •~3*"~0)f~mm~~ti:m~i;i;, -tto ~VJ ::B=f 
J::iJ•G~ 4 KHz;tC'C'®Go -~§*"~/ '1' :J:'OJ.}J/\-\7 
r~~, !l'fl~tt~:bk~T~-~~1!J~.tl~-H~~ 

::f!EtJ:tOJC'®Go 1/.hT, <:.tl;tC', V F•~3*"~0J{~ 
mm~~ti:m~ic:vtcG J '1' :7:'7--\7 i-- JvOJ~11J1f:z~U!E9 

G 7J1*fHH!~C'® Go 
~~,!l'fl~tt~~ff:9G~MJJ!7Jf~VF·~-~~~T 

VF -~3*"~1r:fi' G TOJjj!jf7J(PJ~{§ic:IJ,€!~ G tc~ic:jjiJOJF"i 
,mi;i;, t±:\Tv•<f§~tA.~z< Gf§~tl:'=fr~1r":t.tG 

@:to~.tl~®G<:tl:'®Go-H~, 2-:)0Jm~OJ~M& 
u7'l'V~-VaY~,~OJ3-:)0J7]~0Jl-:)C'{'JtJ::b 

ZlGo 
(a) jjrjl{ OJ{§~ic:~>f G Tjjljl{ OJ !l'f111Z~)(1f:{~ffl9 G!l'f111Z 
tt~~77~7VY~ <:OJ7J~~, t7L.1r'\-/\t 
9 GJi~PfiD{§V 7-7 L.it::D1ltfflv•G.tlG tOJC'®Go 
c b) jjrJ1< OJ{§~ic:~>JG T31JI< OJa~rsi-t J'j Yr 1rf~m 
9G~oo~~77~7vY~ <:OJ7J~~,~mw~c 

nic:~;t ntd~T OJ-T'-51f:~f§ G tc1~ic:OJJJ7,., Y :t 
Jv1f:1JH~9 G~=mV /\ j-L.ic::tov•T U;f U;ff~m~ .tl 

~~~~ ZlG o 1J.h T, ,fj[~i;J:~!l'fJYJZ~)({§~OJ~itf;t, V 50 Go 

Page 254 of 283



5 
(c) @:x:J-F1rfflv 1 T{§~1r~{§9G:J-F-ZJVf 

7°v7VY3'o 
L~~~l~YATb~~-~m~~GA~-A~,m 

f)]~ VAT b~~tr:f:!ic:lll![;E~ .tLtc-;E~jlfiJi'fic:£-:5v 1 T 
~~~.tLGo G~Gtt~G, cnG~-!E~~if~,~ 

tTb~~tG~~~r57~~7P-F CDmft~) 

F"i,mic:@Gtct~~fittv 1 0 {JIJ;Uf, ~tntd'A r:JY 
t" 1-5 ic:t~~~ ntc PC 7-7 A 7-V 3 Yic:v 1 GlJ 
Tf5 ffelt f;J;, 1 0 }(.f;j; 2 0 @~ 3t'=J".1f: 5 ;( 7°G, :C~ J1:;1'i (:_ 
GT~A71)-Y1f:)tf:TI&Go C~~if, ~{§ffliJt'T'b 

t)t{§ffliJt'T'bt ~rsiic:'f 1' Y:tJv1f:~G < 3iJVJ llfrT G 
-;E~jlflji'f~fi, PC 7-7 AT-V3 Y~lJT15ffe!tic:'f 
'"f/:t~1rmllfr~~~~VJ':1frTGCt~ttGo~~T, 

~~~r57~~7o-F~~~~-tt~fl:;tT'f'"f/ 

;t;J;'&'.§1r]lfiJ VJ llfrT Gt'T'biJ'®.tlf;f, 'f 1' Y:tJv'&'.§ 
~~•~tt~,E§~~G<@~~.tLGo 
J'ESJJ~&§ 

;:ifs:J'ESJH;J;, )!';( 1' Jvx\~ V F •113*,,iJHc: {~ffl9Gr'BJ]Bff7' 
Ut::IJ,€!9Go C~t'T'bfi, ~-~11Ztf£li!ffJ1i~1f:{~,E§G 

-r :to VJ, ~7'-5 ~f§•1rm:kic: 9 G ~ ? ic: 7'-5 & u: 
•:tJ1rfil<~-~1izic:PJ2£ic:]lfl]VJ llfrT Go -~11ZFsi~~ 
•n~~llfr~-~VJ':1frTG~•:tJ~m!E~~~1rm~-r 
fitt G ttv' t v'? i!JIJ*11r)tf:T Go 
~f;t Gv 1~ffti[{JIJ~f;l;, Lllct'T'bfi, j!ic:, D{§ 1) Y7 
~i!JiJ1iEIJ;fi1r~~~:r.-+f&.>J<ic:fl:;tT 2~~t'T'b (A 
&U: B) Fsi~~tEl~1i°G PJ2£3iJ':1frVA 7 b1f:{Jllj~ Tv' 
Go 
;:ifs:J'ESJJ~ jjrJ~iflffi&fi, !l'f111Z~xic: {'.&1¥9G{1i:f§JJ!7lf1rtllHS 
9G t;J:Ht::lic~Fsi~=f1~1r~J]il:9GVA7 b ~®~ T, 
~{l:'.;;t 'Jr 7-71r~&t Gttv 1 ~? ttVAT Uc:® 
Go 
;:ifs:J'ESJJ ~ 1 ~ ~tj'lffi& ic: ~ .tlf;f. @:J'Ej t!i~!i\2£l1Jffl ( Q A M) 

1rfflv 1T~l<tt,fUt~, t!Pi:S 1 @J~tf£l1Jffl~~{§9G t"'J 

Hx~'T'-5 ::r.. vj:,; r iJ'~•~rizic:::r..Y:J- r~ .n 
Go ~-~11Z!l'f111Z~xic::toi:r G~{[ffi/ '1' :lnX~fi, 2 ~~ 
tTb(AtB) t~M~Dm0Y71f:~T~!E~n 
Go 

(3) iflf01¥ 6 - 3 9 5 6 

6 

bfi, 112~•1r 1 '111f¥~!J!{v:tc:i:rJ:l!l1Jo9 G ~? ic:m1J,~JJ.1! 
1Jo•:tJ1r~&t 9 Gm~1izic:'li1f¥~!J!{11:1rl1fiJ VJ llfrT Go ~ 
m•n~,irlf~Rft~nk~m0:,;7~~~J'l'~A~ 

7 rJv~fil'iic:~~--c~;tG~~- •:tJ&U:7'-5~31Jllfr 

fi, c ~iflf!E~ 1) Y7 ic:~v'T~ J '1' ;:(1f:tlllf!9 G ~? 
ic:irlfic:li!ff]~~.tLGo 

::ifs:J'E~~OO~iflffi&~~.n~~-~~~:to~G~~~M 
1~$~~-~~~~1rTEtG, c~M1$~~~1r 

TPHt9.tL~ ~TE+TPH~fl-F~M~%1r% 

10 PX9G~?ic::fl}~{§~.tLGo TPH~:f\~~fi, 11ZITT~ 

!l'f111Z~XPX~ic:~v 1 Ttl!E~ .tLGm:f\{1i:f§JJ!Wfic:~ Gv 1 7J• 
X.fi:C.tL~ VJ:f\~v'o fJIJ~f;f. lic~iJ'a~rsH E ~ic:~{§ 
~.ntca~rsiv1J-;:(x o · · · x n -l ic:~~T:tz:b~ 
.tlG~it~~- fl-F~M~ITT~~MTE+TPH~~ 
~{§~.tltca~rsiv 1J-;:(x o · · · x n -l , x o · · 
• x m -l ic:~ ~ T:tz:b~ .tlGo m~ n ic:~>f9 Gftfi, 
T PH~ TE ic:~>J'9Gttic:~Gv 1 0 

'3tf§t'T'Uc::tov1 Tfi, 'fJ- ra~rsirizITT~M 1 !l'f111Z~XPX 
~~a~rsi'l' Y5-1\JvT o iJ'~!E~.tLGo ~TE ~+TY 

20 7°1)/J'!l'f)Wjf;t, a~FsH o+T PHic::tov 1 Tim~il~.tL 

Go 
1Jh T, ~-~11Z!l'f111Z~)(ic::toi:T G~§2~7J'+TY7°1) Y 3' 
~.n, l12~Fsi~:::P1~7J'~:t~.tLGo 
;:ifs:J'ESJJ~j!ic:31J~iflfri&ic:~.tLf;f, t'T'bA t B t~Fsi~ 
~~{§1) Y7~#1iJ1iEIJ~jlfiJ':1frfi, 1~~~{§+t'l'7 Jvr:f:!ic: 
~t7'biJ'~f§9 GJ\7 'J r~~xic:~>tG -r~.&~1r-t 'J r 
9GC tic:~~Tfitt:b.tLGo 'IW¥~;\,Y'J Hi, 1 ~~ 
11ZITT1r~PX9 Gm~11Z~i*ic::tov 1T ::r..Y:J- F~ ntc'T' 
-51f:{Jllj~ Tv 1 Go X., ~t'T'bfi, t'T'bFsi~D{§ 1) 

30 Y 71r*it~9 G tc1ti~m1J,~x~1\7 'J r 1r~{§9 G ~? 
ic:~PX~.tlGo 1/E~T, 1 ~~t7'biJ'~{§9~~7'-
51r:fiG Tv 1ttv 1~it~t, m1J,~1\,Y 'J riJ'5 '1' ~ Y 
3'1r*it~G, {f:!l~;\5j-5iJ'~{§~.tLGo -1J, t'T' 
b~'T'-5if:7J'~v'~ific:i;t, illiJ~N~ ntcm:f\~x~i\7 

'J r N ~Jj1f:~{§G TiJ• G{f:!l~t7'b"'illiJ1iEIJ*i1rtJ)(m9 
G ~? tti!JIJ*17J'~1±" G .tlG o 

R<*oG.tLTv'G~?ic:, t"'Jr::r..5-• (BER) 1f: 
t~!Ev~Jv.l:Xfic:*it~9~~~itic:i;t, ?!T4~•~11Z!l'f1 

1iz~xic::toi:r GPJT-9-~-fj[~~ ~7'-5::r..vj:,;r1r~f§9 40 
G ic:&9 G•1J1r, :C~!l'f111Z~X~~{[ffiJ '1' :lnX~iJ'J:i!lfJO 
Gtca~ic:, J:i!lfJOGttf:T.tlf;fttGttv 1

0 IPJ1tic:, 7'-5~ 
~~~-~ts1@1~2£•~~m9Gt"~rtt1rJ:\!l~9G 
tcltiic:i;t, {§~~-,J~tl'tt, t!Pi:S, S /N tt1f:J:i!l1JO Gttf:T 
.tlf;ftt G ttv 'o 

~~ic:, t'T'bA 7J''t'if:~'T'-51f:1iG:C GT t'T'b B 
~:kif:~T-51r1i9G~it~~-tTbB~~[~~ 

Fsir:f:!~{§ 1) y 7 ~illiJ1iEIJ*i1r:fi9 G Lt ic:tt Go illiJ1iEIJ*iiJ' 
mW~tTbA~m!E~nk~it~~- c.n~m~ttI 
~;\,Y'J r~JJ1r~{§9Go 1/E~T, t'T'bAfi, J;Ht; 1 

a~rsir:f:!ic:~Jji!JiJ1iEIJ*i1r:fi9Go ~v'~- illiJ1iEIJ*ifit7'b 
Bic:t~!E~.tL, N@~;\,Y'J r1r~{§9Go Nfi?F1ltic: 
:f\~ttt~~®Go :fl}lJ, i!JiJ1iEIJ;j;if;l;t'T'bAic:t~/E~ 

n, I @~;\,Y'J r1r~{§GTiJ•GilliJ1iEIJ;fi1f:Bic:~9o 
1/E~T, i!JiJ1iEIJ;j;i~jlfiJ':1frfi, I ~>J'N~tticttf1iJ9Go t'T' 
bA~'T'-5§~~{§ic: L@~;\,Y'J riJ'~&t ~.tLG 

~it (CL~- L fi I t N t~rsi~fil'i~®G) ' jlfljllfr 
fi, LtN~tticttf1iJ9Go 1/E~T, ~{§ 1JY7~31Jllfr 

;:ifs:J'ESjJ~-~ffti[{Jljic::tov 1 Tfi, Ji-8\Jtt BE R&lJ~,flj,E§ 
•:tJ~~*1~~~T-5•1rm:f\~9G~?~T-5& 

u•:tJ~~VJ':1frTG.tlGo•:tJ~':1frVA7b~,~-~ 
11Zic::toi:T G llc~•1r n iJ• G n + 1 ;t ~~'111f¥~!J!{v:~J:\!l1Jo 
9 G tc1tiic:~~tt?JT&•1J1r~tffi/'.9 Go ~v'~, YA T 50 fi, :r.-+f~~~~&.>J<ic:£-:5v 1 Ttf£{1:'.;9 Go 
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(4) iflf01¥ 6 - 3 9 5 6 
7 8 

~ic:, r\!/"J rOJ:tN::fd~)(Nfi, ~-=E--T'bc'tic:IP]tC'® ~ ')ti:-=E--T'bic:IJ,€!9Go ;z[s:J'ESjjOJ~ic:jjljOJtflffi&fi, .l:Xf 
G~&~ti:<,-=E-TbA&uB~~~T~~~nG«~ C'~«Go 
j''-50J!l)lJOOJ::f~~1r)tf:T A.nG ~ ') ic:tf£X.G Lt'/:} ;z[s:J'ES}jO)ff~~1r'&'.$JHc: 9 G tc.lbic:, ;z[s:J'ES)jic:,Ejjl; 1 GnG 
-r~ Go !l'f111Z~)(~f*&utf£~Jff11i~1f:5W 1l'K!&u3W2 l'K!ic:"Jv 1 T1' 
;zfs:J'ESJJOJ~ic:3rJOJiflffi&ic:~nf;f, -T'-51f:~/E9GWJic: :fmc:lfll!JHc:~nsJJ9Go ~v'C', 3W3l'K!1r~¥.~GT, ;zfs:J'E 
{§~o7-&u!l'f111Z~)(:t7-t 'J r 7J'1~U!E~ nGo ]]!f/EV 7- S}jOJtflf/EOJ~ffilif1U1r~JtSJJ9 Go 1'1~ic:, 5W 4 l'K!tl:v' G3W 
T bfi, z~U/E{u'i'!J• G O)!j£{['.;1r~!E G, <:nG OJ9'n1rtlll 1 3 l'K!1r~¥.~G T' ;z[s:J'ESjjO)lfJ{'F&ufml< O)tj:lffi&1f:~JtSjj 
fJ9Go 9Go 
;z[s:J'ES}jO)~ic:31jO)ij:lffi&ic:~nf;f, T 0 OJ1Elittl:{u'i1r~!E 2£~!ffJ&u~{*O)~PX 

9 G V 7- T b'!J'~;tn Tv'Go <: OJV 7-7 bfi, a~%H 10 5W 1 l'K!fi, ;z[s:J'ES}jOJ~{§!l'fJ11Z~)(~{* 1 01r7f,9W:algl'K!C' 
A~-=E-TbA~G~~~nG~ITT~~;tnkf,&uf ®Go z.:n~,~mm~ti:4KfuOJVFm~~bk~T 
2 OJ 2 "JOJ 5-1~Y3'{§~1f:fflv 1 Tv'Go a~%H A ic::to ~ G < ~trsi~ ntc 5 1 2 @OJltx'.~11Z!l'f111Z~)( 1 21r~fv C' 
f:T G 5W 1 t 5W 2 OJ 5 -1~Y3'{§~FsiOJf§~»J8\;tJ:{v:f§~fi v 'Go ;zfs:J'ES)ji;t, ~ltx'.~11Z!l'f111Z~)(ic::toi:T G{llf§ic::f'rrr VJ ti: 
-tfoC'®Go v1+t-1 Y&u:J+t-1 Y{§~1f:~{§9 G ~ ') tJ:@:J'EJt!i~!i\2£ 
11Z%fi, -=E--T'bBic:)ti:TI&Gn, f 1 O)I:;tJv::¥1f:~t±:\ ~!ff] (QAM) 1rfflv1 Tv 1 Go PJT-9-0Jltx'.~11Z!l'f111Z~)(C'~{§ 

9 G Lt ic: ~ ~ T)t{§a~rsiOJ:to:to ~ .Z-OJ1l/E{u'iT EST ~ nG j''y 5 JV'li1f¥~f;l;, -:COJ!l'f111Z~)(ic::toi:r G{llf§ic:rrrr VJ 

~mGnGo Z.:OJ~MT E~~:to~G5-1'~Y~~~ 

Fsi0Jf§'.t>J'8\Jtl:{llf§~1rfflv 1 T, 1Elittl:5-1' ~ Y3'£i'f T 
o '!J'i~GnGo 
l'K[jfil 0) 1fll !j! ti: ~JtSjj 
m 1 l'K!fi, ;z1s:J£smc:mv, G nGltx'.~11Z!l'f111Z~x~f*O) 3'7 
7, 
5W 2 l'K!fi, ~ltx'.~11ZOJ QA M1r7f,9~~0J 3'57, 
3W3l'K!~,;zfs:J'E~OJ~ffili001r7f,97o~7l'KI, 

3W4l'K!~,;z[s:J'E~OJIPJM7o-t7-1r7f,97P-7~­

r, 
m s l'K! ii, o , 2 , 4 , s , 6 ~ 'J r -T'- 5 xv j :,; r 
ic::t>J'9 G ~~, f1U7f,8\Jti:{§~:t>J'~tr tt&u~~~ic::t>J'9 
G!i/J v'\Jv1f:7f,9~~0J 3'57, 
3W6l'Kl~,*n~7~::r0~b1r7f,9~77, 
5W 7 l'K!fi, ;z[s:J'ES)jic:,Ejjt; 1 G*n~7 Jv::f 1) ;:(bOJ[,Gffl1f: 
7f,9t:7- r3'5b, 
msl'K!~,•~~!l'fl~tt~~O)!l'fl~ttnX~~~9Gffim 
{iRff:!l'f111Z~)(Jj!filO)~i,l1f:7f,9 3'5 7' 
3W9 l'K!fi, ~c~rsi=f1~1r~J]il:9Gtc.lbic:;zfs:J'ESJJic:fflv 1 G 

nG 11ZITT1f:7f,91'5 7, 

tl:v 1 +t-1' Y&u:J+t-1 Y{§~1f:t!i~li\2£~Jff]9 G <:tic:~~ 
TIY:J- F~nGo 
QAMV7-7b~,~~~r•RBC'T-51r~~9 

m Go G~GtJ:~G,~~tG<~~-v-rRSC'7f,~ 
ntc~ltx'.~11ZOJ~{§.f;t, RB OJ~£~~ic:JJ~r~'tl:v'o WU 
X.f;f, j''-57J' 2 "JO)ltx;~11Zrsiic:~G < 3U VJ llfrT GnG 
~itic:f;J;, RS= RB/ 2 ttl:Go 
9f;t Gv 1~ffilif7UC'fi, o, 2, 4, s X.fi 6 ~ 'J r-T'-
5 x vj Y r'IJ'~•~1izic::tov 1T xY:J- r~ n, ~• 
~11ZOJ2£~Jff]f;t 136~ 1)f)c'tic:tf£{l'.:9Go ~ltx'.~11Zic: 

"Jv 1 T 6~'J}-0)Rs1rf&!E9nf;f, fl~i'J\JtJ::tN::fdu'iR 

Bfi, 2 2 5 8 O ~'J r/f') (bps) ttl:Go ltx'.~11ZOJ 

7 s % ic:btc ~ T 4 ~ 'J r OJ R s 1rf&!E9nf;f, $~89 
30 ic:~fJl,C'~GR Sfi, *11130 Obpsic:~Gv 1 0 <:OJ 

f1U7f,8\Jtl:IBJ v' R S fi, ~ 'J r I 5-•'!J' 1 I 5-/ 1 O 
0 0 0 0 ~{§~ 'J r*1rlillOJ~:k!l~C'JinX~ nGo 

5W 1 l'K[ic::tov 1 T, ,fj[~)(OJ~@:*"~ 1 4 fi, !l'f111Z~)(~{*1r 

m 1 0 l'K!fi, ~{§~ ntcltx'.~11Z!l'f111Z~)(~{*1r-3t{§9 GJJ 
1*1r7f,9 3'57' 
m11l'K!~,2£RrY7v-J--1r7f,9&aigl'KI, 

m12l'K!~,2£RrY7v-rOJI"JOJ7JITTOJ~~1r7f,@ 

9W:algl'K[, -:CG T 

II;f;'J7J t,f!J;9Ga~rsiJ:\!l~ic:~]lfU9Go I;f;'J7 

fi, lfJ'!J'T EC'®VJ, T EOJ::f\~~fH:,ZrC'~«G~ ') 
ic:~!E~nGo 

TY5~T-51rml<OJltx;~~!l'fJ~tt~xY:J-F9G 

Q AMV 7-7 b1f:5W 2 l'K!it::"Jv'T~JtSjj9 Go 5W 2 l'K!ic: 
f;l;, m n * § O)ltx;~11Zic::t'1'9 G 4 ~ 'J }- l~~J 2 0 '!J' 
7f,~nTv'Go 4 ~'J H)(f;t, 1 60J@l<OJ{u'i1f:tG<: 
t'!J'C'~Go Z.:O)~~ic::toitG~,¢,(f;l;, '\7 rJv (x 
n, y n) 1r:tzb G T:to VJ, x n fi+t-1' Y{§~OJt!i~li\C' 
®Gyn~~~QAMV7-7b~:t5~G:Jft'l'Y~~O) 

t!i~!i\C'®Go {'flfil[OJ:>t'=J". n fi, 2£~Jffl~ nGltx'.~11Z1f:7f, G 
Tv'Go 1/E~T, 4 ~'J r~~C'fi, 4"JOJ@l<OJy n 
OJ~t, 4"JOJ@l<OJxnOJ~t~~&t~nGo~r 

-r~~~~«G~?~,m-9-0Jltx:~~!l'fl~tt-r~~~n 

G ~'J rOJ~)(1f:J:i!l1J09Gtc.lbic:i;t, -:COJ!l'f111Z~)(ic:~{[!fiJ 

-1 :lnX~iJ'®Gtc.lbic:, Ji)J1f:J:i!l1J09G <: tiJ'~&t ~ 

m 1 3 l'K!fi, ;z[s:J'ES}jO)J\- r"7I7~ffilif1U1r7f,9W:algl'K[ 

C'®Go 
9f;t Gv 1~ffilif1UOJ~UH!ti:~JtSJJ 
;zfs:J'ES)ji;l;, !l'f111Z~)(ic: {JRff:9 G 5-1' Y J -1 :l1rtlllfl9 G ~ 
?~!l'fl~tt~~~:to~Gml<OJltx'.~~!l'fl~ttM-rii:fJ1r 
~;k!l~ic:r,t t T3U VJ llfrT, !l'f111Z~)(ic: 1tRff:9 G{llf§JJ!fil1rtlll 
fl9 G tc.li:JOJ~{l'.:@1JE&OJ~&'l11r19F~ G, tf£{l'.:9 G 7~ 
Y :tJvP- F~:k!l~1r~Ji G T~{§fflU-=E--T'b t )t{§fflU-=E--T' 
b t OJFsi-r7~ Y:tJv1f:3U VJ llfrT G=m1i~1rITTPX9 G ~ nGo 4~~r~~OJ~~-3t~~OJ-=E-Tb~, xn& 
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9 
U: y n ti~if*~)(OJ 4 ~OJ~ ;t G .tlG {u'i1r#31JC'~ :Gl;f iJ: 
G iJ:v 'o <: OJ#jjrJ~~:tJli, PJT-9-0Jm~11Z!l'f111Z~xiz:J»J9 G 
{g~~°>J~tfttiz::~ ":J lfttJ~ ZlGo 
!it~ Gv 1~D'tl[{JUC'li, r\!; "J J--:J5zcvflJ1rfflv1T ::i:. 7-~iJ' 
1!9X 1-> ~ .tl G o 1 ~OJ r\!; "J Hi, -~ 11Z OJ 2£~Jiij ~ .tl tc J:. 
;f; 'J 7 t, J:. 7-~1±17'-5t1f:~!v C'v'Go ~;\,Y 'J 
Hi, J:. 7-iJVt t tc~i1» {r~lE~ ZlG ~ C'~~ G~{§ 
~ ZlGo JlXl; 1liX., 7'-5 OJ~~ G~{§iJ'PJT~~ .tliJ:v' 
VA7bC'~, *7-FJ:.7-~1E~-F1r~~::i:.;f,~ 

7iJ'fflv1G.tlGo 
/'P,J7i'KI 
M3l'Kl~,*~~OJ~~OOOJ7P~7l'KIC'~Go en~ 
~v'T~Jl.SJJ9Gt, ~ti1J!U-t-7'b2 6li, 0~0JA-1'J 
'frt•~3*"~1r*ITITTPX~ nt6m{§ 1) y 7 OJ~t!i!iffi\ic:t~*1E 
~ ZlGo Jj{§VA 7 bit:: Ii, lj{§ 1) Y70JrG~!iffi\ic:t~*1G 
~ .tltcrG~-t-7'b t ~~ ZlG <: t 1rfl~~~ .tltc v 'o .l:Xf 
OJ~Jl,S}Jic::tov 1T, ~ti-t-7'bOJIPJ t X.lilPJ1tOJ£~5:]'ic:~>j 
FiG9 GrG~-t-7'bOJ£~5:J'li, ~t!i-t-7'bOJ~¥.~i:~ic: 7° 
7-1' b (' ) ~2~1rf'fitT7f,9o 
M3i'K11r~~9Gt,A":JT<GT-5~~,-t-Tb2 
6 OJ~{§VA 7 b 2 8 ic:~ VJ 7'-5 AJJ 3 0 ic:)titlt( G 
ZlGo 7'-5 Ii, ~~OJ7'-5 ~"J rt GT ;\'Y7 7 j 
"£- 1) 3 2 ic:~c·ll~ ZlGo ;\'Y77j"£-1) 3 2 OJI±\ Ni, 
2£~Jffl1\5 j-5~"tfi 3 4 OJ X1Jic:t~*1E~ .tlGo 2£~JffJ;\ 

5j-5~"tfi3 40Jl±\Ni, .r\7 rJv7-7''Jv1\'Y7 
7j"£-1) 3 6ic:t~*1G~.tl, ~;\'Y77j"f-1) 3 61i2£~Jiij 
fi400JA1J~~*1G~.tlGotf£Rfi400Jl±\1J~, ~M 

V-7YAJ\'Y7 7 4 2 ic:t~*1E~n, ~v'C', ~J\'Y7 
742~, 7TP~I/O'l'Y5-7x'l'A44~~~ 

.tlkT~5~/77o~~~\-5430JAJJ~~*1G~ 

ZlGo'l'Y5-7x'l'A44~, tTbOJl±\1J1f:0~0J 

A-1 'J'fxt•~3*"~4 8 ic:t~*1G9Go 
'3tmVA7b50~,0~0JA-1~'fxt•~-48~~ 
*1G~.tlT'l'Y5-7x'l'A44~~~.tlk77P~/T 
~5Jv~/;\-5 (ADC) 521f:{iffl3tTv'Go ADC 
s 2OJl±\/Jli)t{§a~rsiv 1J - ;:(;\ 'J 7 7 s 4 ic:t~*1E~ 
n, ~1\,1771i, ~v'C', 1i~Jiilfi5 60JX:tJic:t~*1E~ 

.tlGo 1UJiiJfi5 60Jl±\Ni, )t{§.r\7 rJv7-/';v1\'J 

(5) iflf01¥ 6 - 3 9 5 6 

10 
-1 ;(v.r\Jv1f:1~U!E G, ~-~11Z!l'f111Z~XC'~{§~ .tlG.r\ ~ 
::i:.;f,~7~kVJOJ~~rtt1r~/EG,~~C'~~~~.r\ 

G ~? ic:, ~-~11Z!l'f111Z~xic:•:tJ1r3U VJ ~L Go 
A":JT< G7'-51i, X:tJ;f;-}- 3 OC')titI&G.tl, A 
JJ!\'J 7 7 3 2 ic:~c·ll~ ZlG ~ 'J }- V-7YAic 7 ;t­
'"Z 'J HI:'.:~ .tlG o 
2£~Jiijfi 3 4 Ii, J::~cOJ QA MVA 7 b1f:fflv'L, PJT-9-0J 
~)(OJ~'J r1r~-~11Z!l'f111Z~)(OJtc600J (x y, y n) .r\ 
7r~~J:./~-F9Go003t~!l'fl~ttfn1:'4~0J 

10 ~ 'J r 1r~{§9 G <: t iJ'~!E~ .tltc~itic: Ii, ~ 'J r rm 
~GOJ4~0J~~r~M2i'KIOJ4~~r~a~OJ16M 

OJ,¢,i,OJ 1 ~ic:2£~~.tlGo <:.tlG~a,r2.0J~l<li, 4~ 

OJ~~rOJ16MOJ~.:tG.ttGmit~OJ1~~~FiG9 

Go~":JT,!l'fl~ttn~~9G~'l'Y&lJ~~'l'Ym~ 

OJti~~' ~~}-V-7YAOJ4~0J~~}-1f:J:.Y~­

F9G~a~OJ,r2,ic:~>j[,G9Go (x n, y n) .r\7 rJv 
Ii, ~v'C', .r\7 rJv1\,1777-/';v3 6ic:~c·!l~n 
Go 2£~Jiilfili, !l'f111Z~x~f*ic:~~ntcm~11ZOJtc600J 
(x n, y n) .r\7 rJvOJ7-/';J;1f:)titlt(VJ, QAM 

20 m~11Z!l'f111Z~XOJ~f*1r~PX9G1!Z%1r£Z:b 97'~ 5 Jv ::i:. 
Y~- F{l:'.:~.tltca~rsiv 1)-;:(1r%PX9 Go 
!it~ Gv 1~~f7UC'li, 2£~Jiilfi 4 o Ii, r'Bi~7-1J ::i:.2£~ 

fi (FF T) 1f:{iffl;ZT:t5VJ, (x, y) .r\7 rJv1f:F F 

Ti*~xt GTfflv 1T~F F Ti}i['ll'/'.1r~fi9Go .r\7 }-;]; 
7-/';J;li, 5 1 2 !l'f111Z~x~aOJ 1 0 2 4 @OJ F F T ,¢,( 

1f:]IZ:b 9 1 0 2 4 OJ@I< OJ ,¢,f,1f:~ Iv C'v 'Go ~ F F T l1i[ 

Ji:ic:~ VJ, QAM~f*1r£Z:b91 o 2 4MOJ,r2.7J'a~rsiv 
0-~C'ITTPX~ZlGo COJT~5~J:.Y~-F~nk~ 

MV0-~0J1024@0J::i:.vj/}-~, T~5~~M 

~ V0-~;\~7742~~-~.tlGo T~5~~MV-

7YAli, 7TP 3/7'~5Jv~ /;\-5 4 3 ic:~ VJ 7 
TP~~%~2£~~~ 'l'Y5-7x'l'A46~,0~ 

0JA'l'~'frt•~•4s1r*I-c~m9G~0~m~1r• 
m9Go 
)t{§VA 7 b 5 0 ic:~v'T~Jl,SJJ9.tll;f, 0~0JA-1 'J 'f 
rt•~3*"~ 4 8 iJ•G)t{§Gtc77o 3'11Z%1i, -1 Y5-7 
x'l'A46~~":JTRm~~ 7TP~/T~5~~y 

;\-5 5 2 ic:rP)itG.tlGo 77P3/7'~5Jv~/;\-
7 7 s s ic:t~*1E~ n, ~1\ 'J 7 7 Ii, ~v'C', 7'~ 5 Jv 
T-5~"tfi600JAJJ~~*1'G~ZlGo L0JT~5~T @ 
-5~"tfi 6 0 OJl±\/Jli, )t{§7'-5 ~"J }-;\ 'J 7 7 6 

552~, 77o~~%1rT~5~0J1024A1J~M 

v0-~7-7~~2£~G, cn~,'3tm~oov0-~ 

J\'J77 5 4ic:~c'il~.tlGo 1UJiiJfi5 6li, 102 4A 
)Ja~rsiv 1J-,:;(7-/';J;1f:5 1 2A1J (x n, y n) .r\ 
7 r Jv7-/';vic:2£~ G, c nli, '3t{§.r\ 7 r Jv7-7' 
;J;;\'J77 5 sic:~c·!l~.tlGo <:OJ2£~1i, a~rsiv 1J­

;:(ic:£-:5v1T F F T 1r~fi9 G <:tic:~ VJ fiiJ::b.tlGo 
~!l'fl~tt•~~~J:.Y~-F~.tlk~~rOJtt~~9G 

'11f¥~1i, 1UJiiJfi&lJ7'~ 5 Jv7'-5~"tfi 6 o ic:retic:~c 
·fl~ n -c:to VJ, 1Jh -c, '3t{§.r\7 r Jv7-/';v1\ 'J 7 7 

2 ic:t~*1E~ n, ~1\ 'J 7 7 Ii, 1±\:tJ!ilffi~ 6 4 ic:t~*1E~ n 
Go 
i!JU1iEIJ&U: A 7 ~ 1 - Jv 1) Y J"::c:=. 'J r 6 6 Ii, 2£~Jiij;\7 

j-5~"tfi3 4, .r\7 rJv7-/';v1\,177 3 6, 1i 
~Jiilfis 6&U:-3t{§.r\7 rJv7-/';v1\,177 s sic:t~*1E 
~Zllv 1 Go 

M 3 l'Klic:7f,~ ntc~~{JUOJ1i~~ic:~v'TW'.al@ri'l\Jic:~Jl,SJJ9 
Go 7'-51f:~{§9GWJic:, ~ti-t-7'b2 6li, FiG~-t­

Tb26' t~~GT,~-~~!l'fl~tt~:to~G~~/ ~ 
s s ic:~c·ll~ ntc c x, y) 7-/';Vii, 7'~ 5 Jv7'-
5~"tfi 60~~VJl±\1JT-5~~1--V-7YA~tf£~ 
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11 

~.tLG<: ti<:tl:m'.~ntcv'o fJU;Uf (x n, y n) .r\J; 
rJldJ'4 ~'J }-OJV-7Y/\1f:£Z:b9~itic:i;t, 2:0).r\ 
7r~~7~5~7-5~~fi60~~~4~~}-V-

7y;z,ic:tf£~~.tl.Z-L:r)t{§7'-5~'J }-;\'J77 6 2 
ic:~c·~~.tLGo )t{§7'-5 ~'Jr V-7Y/\fi, ~v' 
~, llin7-5rutGTllin64~~G.tLGo 

{~ffl9G FF T:j:Sz~O)j(;~iJ:~JtSJH;l;, 1 9 7 5:ft:N. 
J. OJ7°vY'T-1 /\ · ;j\-Jv · -1Y7 (Prentice-Hall, 
Inc.,) ic:~~lli!f&~ntc7~'T (Rabiner) .Ef~OJ 17· 
~5;J;{§~:7!.1flOJflfA!r&lf[it:;,E§ (Theory and Applicati 
ons of Digital Signal Processing) J t~9G)(~ic: 
~.r\G.tLTv'Go GiJ•GiJ:iJ'G, J:~cGtc FF Ttf£~Jiil:j:Sz 
~fi, ;:ifs:~SJJOJm&iJ:£~5J'~fiiJ:v 1 0 !lXv 1 fiX., ~~t 
GT<::<:: ic:Jt( ~ J:f:fGlW~c1\5Yff:OJtflf'l'i.OJ7J7 b 1 
0, 7-i'Y13-70&lf7J7b1L 7-i'Yl-30 
~~.r\G.tlk~0~,·~~r-Y1r~~*~9G<:t 
ic:~ ".:lltf£~JiiJ1rfiiJ:0 <:: t t ~~Go ~ic:, 1\5/ff;OJ 
ij:lf~O);fJ5bl2, 7-1/35-70, 7J7bl3, 7 
-i'Yl-70&lf7J7bl4, 7-i'Yl-13~~.r\G 
nkm~V/\-TbtI&~§~G<:tt~~Go 

~~&lf/\7~1-~0/~J=~l--66~,-~0)~ 

f'F1r~f*l'lsic:~t~9 G ~ 0 ic:•:t~ G, A.n&ullin1i~~ 
1f:ilJIJ~9Go 

~fan/ -1 ;Z:-OJz~rJJ.E 
J:~Gk~0~,~~~tt•~~~IY~-F~.tlk7 

-5 x vJ. Yr &lf-:COJ~11Z~xm~1izic:31J ~ 'lfrT Gntc 
~nOJ'IW¥~pq~f;l;, -f0)-~11Z~11Z~xic::toi:r GT-\' Y:t 
Jv J -1 ;:(PX5J'OJ::f\~ ~ ic: ~ ".) T;tr:;b~ .tlG o ~11Z~X f n 
ic: :to f :T G ~{[!fi~{§ J -1 :;(PX 5J' N (f n ) fi, ~ YlZ~X f n 
ic::toitG1~1Jf.EGtc C-3tf§Gtc) J-1 ;:z:·~nic:, ~11Z~x f 
n ic::toi:T G Z~IJ!E G td§~ P /\1r*~ G tc t OJ~® Go ~ 
{[!fiJ -1 ,::Z:'fi7-1' y c' t ic:tf£{1:'.; G, Pfi-9-0J5-1 Yic::tov 1 T 
U~Fsic·tic:tf£{1:'.;9Go 1J.hT, <:: cic:lf,9V/\j- b ~ 
fi, 7·-5~{§0J~WJic:N ( f) iJ'z~IJ!E~.tLGo 

<::OJ N ( f) 1f:1~1JJ.E GT, r,t:;~&lf~t!it-7'b 2 6 t 2 
6' tOJFsiic:Jfil{§ 1) YlJ 1rli1fl1:9 G tc.li:Jic:;:ifs:V/\ j-Uc: 
fflv' G.tLG IPJMiSZ~OJ@'[)l'ilfiJ'i;g 4 l'Klic:?f,~ .tL Tv'Go i;g 
4i'K11r~JtSJJ9.tlf;f, AT'J7°l ic::tov 1 T, ~tit-7'bfi 
[it:;~t-7bOJ3~1r~-i'~~G,r,t:;~t-7b~~7·7 

'J lJO)~:fdl~t id:Go AT 'J 7° 2 ic::tov 1 T, [it:;~t-7'b 

ii, ~OJ~n v.r\Jv~ 2 "JOJ~11Z~xOJx;f; 'J 71f:~{§9 
Go 
( a ) 1 4 3 7 . 5 Hz : - 3 dBR 
( b ) 1 6 8 7 . 5 Hz : - 3 dBR 
~Ni, £¥f{u'rn ic::t>JG lZ~IJ!EG, ~f;t Gv 1~ll"ilifJIJ~ 
fi, OdBR=-9dBm~®~, mfi~ i)~Jvr~®Go <:: 
.tLGOJr-Y~,~~~~~~~~9G~0~, 5-1~ 

Y 1·&u ~11Z~x~7-t 'J r 1r~f.E9 G OJic:mv' G .tLG o 
~v'~, r,t:;~t-7'bfi, ~£~~ 5 1 2 OJ~11Z~x1f:~<!Jr,t; 
~~-b1f:- 2 7 dBR~~{§9Go ~tit-7'bfi, CO) 

(6) iflf01¥ 6 - 3 9 5 6 

12 
[it:;~~-b1r)tf:Tlt(~, <:OJ~-bic::tov 1TF F T1f:~ 
fi9Go 5 1 2000J~11Z~XOJ~nv.r\JVfit~f.EOJ{u'Hc:-t 
'J r~.tLGOJ~, r,t:;~t-7'b2 60J#11J~&lf/\7~1-

Jv1J y3·J= 'Jr 6 6 fi, )t{§Gtc~- FOJ~~11Z~xic: 

'.t>J'GT (x n, y n) {u'i1rtt~G, <:.tLGOJ{u'i1r, ~{§ 
~ntc[it;~~-FOJ~nv.r\Jv1f:£Z:b9 (x n, y n) 

{u'iOJ7-:1';J;ttt~9Go <:OJtt~ic:~ ~' VF~~§*"~ 

1f:JfilGTOJ~~~~G~~~ttOJ~~P/\~mG.nGo 

/\7~730JM~,~tit-7b26&lfr,t:;~t-7b2 

10 6' OJjilif7Jfi, ~I< OJt-7'bic: ~ G~{§lb'fiiJ::bniJ:v, 
~itic: 7-1' Yic:t¥:tE9 G J -1 ;:z:·7·-51f:m1'19 Go ~v' 
~' jilif7JO)t-7'bfi, m1'Jl~ntcJ-1 ,::Z:'{§~ic:£-:5v 1T 

FF T1r~fiG, ~-~11Z~11Z~xic::toi:TG1~1Jf.EGtc ()t 
~Gk) J-1A/\.r\lJr~PX5J'~1r~f.E9Go~ttOJJ 

-1 ,::Z:'x;f, 'J 71f:lJZ~{I:'.; G l, z~IJf.E{[l'[OJ~Jl1rr'BJ.li:lGo 

AT'J 7° 4 ic::tov 1 T, ~tit-7'bfi, 2 "JOJ~YlZ~XOJI 
;f;'JlJt, -:Cnic:*1Gv 1 T, 51 20J~11Z~)(OJ~t!i~-b 
1f:, ;z, -r 'J 7° 2 ic:"Jv'T~.r\tc t OJ t IPJ c:~n v.r\Jv~ 
~{§9 Go [it:;~t-7'bfi, I;f; 'J 7&'Cf~t!i~-b1f:)t 

20 itlt(~, AT'J7°20J~t!it-7'bic:"Jv'T~.r\tc~0ic: 

~•~1iz~1iz~xic::toi:r G 5-1~:,;1» ~riz~x9'.n&lff§ 
~P/\OJ{u'i1r~t~9Go <:OJ,¢,t,ic::tov 1 T, ~tit-7'b2 
6 fi, J -1,::Z:'&lf{§~o/\7'-51rr,t:;~~ti7JrP1ic:~{§ 
9G~0ic:m1'1GT:to~, -7], [it:;~t-7'bfi, ~j:iµt:; 

~7JrPJOJ~{§ic:iJ,€1~9 G IPJC:7'-51rm1'Jf G Tv'Go ~ 
t-7b~,~j:i[it:;~7JrP1&lfr,t:;~~ti7JrPJO)jilif7]~;Ji3~ 

G~~o/\&lf)t~/-i'A~IJ,€l~Gk7-51r~&t9 

Go -:Cni&, <:: OJ7'-5 fi, IPJM7°P-t/\OJJ'~ ~OJ/\ 7 
'J 7°ic£-:5v 1T 2 "JOJt-7'bFsi~::-S<'.~~ .tlGo 

30 AT'J7°5ic::tov1T, ~tit-7'bfi, [OJ-~11Z~11Z~x 

lb'~Yf~n v.r\JvOJ 2 ~ 'J r~f§1rr,t:;~~ti7JrP1ic:*i:t~ 
9G~1f:?f,9i;glO)ffimxY~-F~~1r~~GT~~ 

9Go ~Yf~nv.r\Jv~r,t;~~t!i7JrP1ic: 2 ~'J r1r*i:t~ 
9 G~PX5J'fi, 1 8 0' O)f§'.t>J8\JiJ:{v:f§1r:ff G tc - 2 8 
dBR{§~t G T~~~.tLGo ~Yf~nv.r\Jv~r,t;~~t!i 
7JrP1ic: 2 ~ 'J r~f§1r*i:t~ GiJ:v'~PX5J'fi, - 2 s ~ o 
' 0Jf§'.t>J8%'[f§OJ{§~t GT~-F{l:'.;~.tLGo [it:;~t-7' 

bfi, COJ{§~1f:)t{§G, [OJ~YlZ~X-~11ZiJ'[it;~~t!i 

7JrPJ~2~~}-0)~~1f:-~9G~1f:~JE9Go 

40 AT'J7°6ic::tov 1 T, [it:;~t-7'bfi, [OJ-~11Z~11Z~x 

~~tir,t:;~7JrP1&lfr,t:;~~ti7JrP10Jjilif7J~2~~r~~ 
1r*it~9 GiJ•1r?f,9i;g 2 OJ{1'[f§IY~- F{§~1r~~ G 
~~9Go C0)~~1f:~~~~GO)~,[it;~t"Tb~~ 

j:i[it:;~7JrPJOJ/-i'A&lf~~o/\7-51rm1'JlGT:to~ 

H"J/\r~75~~t!it-7b~~~~~~nk~~~:to 
v 1 T [it:;~~ti7Jri'aic::t>f GT IPJ C:7'-51f:)t{§G Tv 'G lb• 
G~®Go ~tit-7'Uc:~".)L~~~.ntd§~ic::tov 1 

T, 2 "JOJ ~ 'J r 1f:jilif7J[PJic:*i:t~9 G~~11Z~XPX5J'fi, 
1 8 o' OJf§'.t>Ji'J\JiJ:{ll:f§~~- Ffl:'.:~.tL, ff:!!OJ~TOJPX 

~ 5:1'~, O' OJm~~tJ:ffim~~-F~~.tLGo 
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13 

en~, 2~~tTbM~~m0Y7~fffr9Go-H 

ic., 3 0 0 iJ:v' G 4 0 0 m~ Jl'fl11Z~XPX5J'iJ',j~'U'f'i::fJ v.r\ 
Jv~ 2 ~ 'J r ~{§1r*i:t~ G, c nic. ~ VJ, 2 ~~t'f'L. 
M~~600~~r/I~~7•1rRft9GoAT~7 

(7) iflf01¥ 6 - 3 9 5 6 
14 

7 ~fi, C~fffr9G'f'-5 1J Y71f:*ITITTPX~nG~ 

1*8\JiJ:;\,Y 'J r ic.:tot- 1 T n;~J£t!itnrP1ic.~Jl'fJ11Z~x~*i:t~ 
9Gct~~~G~~r~ttco-1s)&u'i::fJv.r\ 

~(0-63~ ~~9GT-51rJ'E~tTb~~m9 

Go~~T, CC~,J'E~&un;~tTb~~~~,n; 

~JE~~(P]~~{§ic.~9G'f'-51f:t~C tic.id:Go ~ 10 

Jl'fJ11Z~xnX5J'ic.*i:t~9 G ct~~~ G ~ 'J r ~~x&u'i::tJ 
v.r\Jv1f:~tffil'.9 G tc. 'dJ~ A 7 'J 7°ic. ~ v, T J.-:,rnc.~.r\ 

~'J }-1f:~{§9Gt~Jreric.i;t, {§~~.,J~!BHtiJ'E b/N 0 

J.-:,ZJ:~iJ:f:Tnf;fiJ:GiJ:v'o {El.G, Ebfi, BER1r?JT-9-
~ BER (BER) o ~ VJ1J'~ < *it~9Gtc.'dJ~{§~'i: 
:fJ/~ 'J }- ~®Go 

ms~~-m~~~n~-~~1@~~-~~m9G~ 
'J H)(B ~{§~ic.~>f9G Q AM~a1r~ G Tv'Go ~~ 
aic.~>J9GfJU~89iJ:{§~~>JMtl'ttE b/N 0 t, J:~c~ 
( B E R) o 1r~;t 9'ic. C ~ ~aic.:to f:T G ~ 'J r ~~)(1r 
~m9G~&9G'i::tJt~-~~a~57~~~~~n 
lv1 Go 
t'f'bfi, 0~~A'l' 'JTA'i:~§*"~ic.t±:\:tJ~nG~fUffl 
'i::tJ~'i:~~tl&u~W•~~~~-r~~~nk~Po 

1f:~x. iJ:v' t v'? mu~~ t t ~f'f'li19 Go 1Jh -r, 5 '1' 
YJ'l'~1f:MS9Gk'dJ~m~'i:1J~~~~~~9GC 

tfiiJ:v'o .:Cni&, PJT&~B E R1f:*it~9Gtc.'dJic.i;t, 
J'1'~~~~9G~~n-r,~mm~~~n~-~~1 

@~~-~~m9G~~rtt1rfil~GtJ:~n~tJ:GtJ: 

Go 
AT 'J 7° 8 ic.:tov 1 T, n;~t'f'bfi, fffr9 G'f'-5 1) 

Y71f:fflv 1 TJ£~n;~~(P]ic.~Jj'f)y£Z~)(ic.*i:f'~9G Ct~ 

~~G~~r~tt&u'i:1Jv.r\~~~9GT-51r~m 

9Go 1JhT, ~t'f'bfi, n;~J'E~&uJ'E~n;~~~ 
~rP1ic.:tov 1 T~Jl'fJ11Z~xnX5J'ic.*i:t~9"'~ ~ 'J r ~~x&u 
'i:1Jv.r\JviJ'5J'iJ•Go y§[~rel:ff~t'f'bfi, 5'1'Y J '1' ;(Ji:fJ7J'~1JQ9Ga~ 
~-~~Jl'fJ~tt~:to~G~~J'l'~v"'~PX5J'~~~~ m ~-m~~~M~-~~1@~~-~~m9G~~rtt 
~9GJ:~~~~~~-m-9-~V-7YA~m-~AT 1r~~Y~rPJ~ff~~~~V7r9Go001t~ 1~~ 

~7~~~~nko G~GiJ:~G, cnG~-~~AT 

~7~®~VJM&~~iJ:<, ~<~AT~7~~~~fi 

iJ:~Tt~v 1 U~rj~)l[j'jFf~fiiJ:~Tt~v'o fJU/tf;f, J£ 
~~-F~£~<FFT~~fitJ'l'~T-5~m•1f: 

~~~fiiJ:?Ct~~~Go~ ~M7P~A$~rrR 

iJ:)l'l'~Y~£~tffffel:~nGo C~5'1'~Y~£~~ 

Mffi'l:~-~Jl'fl~ttnX5J'~~VJ~TGnk~~r~tt&u 
'i::fJ v.r\Jv1f:~tffil'.9 G ~1*1r~JtSjJ G td~ic., ~*HHc~.r\ 
Go 
~{§{§~t)t{§{§~t~rsiic. 7 Hz~~~Jl'fJ11Z~)(:t7~ 'J 
riJ'fffr9G~fi, -ffi~~V F'i:~§*"~~~S:~®Go F 
FT1f:R~~-~~~Gk'dJ~~- c~:t7~~r1rM 
rrGiJ:f:Tnf;fiJ:GiJ:v'o ~t~ Gv 1~ll"ilifJU~f;l;, L~ffflK 

fi, )t{§{§~~Jl.'.~f~&ut:;J;;\- H~ic.~ VJ:t7~'J 

r Jl'fJ11Z~)(ic.:toi:T G@:J'EJ }- -Y~t'rfflU11ZH1~~Jff]1f:fiiJ:? C 
t~~~T~PX~nGo ~M&u~~7~~0~b~~ 

VJ,~&iJ:Jl'fl~tt:t7~~r~m~~~ITTPX~nGo 

'i::tJ&u~-r~~n~-~~1@~~-~~m9G~ 
'J }-~)(~j:~~ 

~-~11ZJl'fJ11Z~)({§~ic.xY~- F~ntc.'IW¥~f;l;, 1UJffl~ 

5 6 ic.~ VJ )t{§'f 1' Y:t;vic.:tov 1 T'f'~- F~nGo 'f 
'"\'Y:t~J'l'~~-~mm~1r~~~-m•7o~A~ 
~Jl1r{tff~~ Go fJU;tf;f. iflf~~Jl'fJ11Z~)( f o ic. B o 00 
~~'J riJ'®Gtv 1 ?iflf~~*j[M~, ttP~ 1 @~~~Jffl~ 
~m9G~~rtt1r~9GT-5xvjYJ--1f:, ~~; 

'1' ;(v.r\JvnX5J' N a ic. ~ VJ irlfri&f'f it G ntc. v F 'i:~3*"~1r 
*IT~{§9G~itic.~v'L5J'TJT9Go -m~ic., Ji-£~VA 

7 b~~Httic.~ VJ, ~f~~~ Glt:f\~ 'J rI5-•iJ'~ 
~~nGo J'l'~v.r\~No&uJl'fJ~ttfo~bo@~ 

0W~tTb~, ~~rI5-·iJ~~~"'*~~r~ 
1!9X't'~nG~~- ~{§'f'-5.1f:, 9 6 o Obps~lt:f\ 
{[j'[iJ• G, 7 2 0 0 bps, 4 8 0 0 bps, 2 4 0 0 bps, 1 

2 0 Obps, ~~~@'[)l'ilf~{f£r~~Go 1JhT, {§~• 
~- J'l'~1f:MS9G~?~:f\~iJ:@'~~~'t'~nGo 
1\5 Yff:~iflf~Hc.:tov 1T fi, ~{§.1f:1!9X't'9 G~t*fi, 

J 'l' 7,'A.r\7 r Jv~Jl'fl11Z~)({JRff'l11r~Ji9 Gt~~® 
Go~~T,~'f'"\'Y:t~~- 70~~}-~nktt~~ 

30 'J r1rt~~~'i:1Jv.r\Jv~{~:f'~GTv'Go ~Jl'fJ11Z~)(~J 

'1' 7,'PX5J'iJ'1~U~~n, ~-~11ZJl'fJ11Z~)(~~{§9.r\~~® 
G iJ• [? iJ•ic.~v 1 T~iJl'i9TiJ'iJ:~ nGo 1Jh T, 1\5 Yff: 
~iflf~t~fi, 'f'-5.1!9X't'M~iJ\ frJffl~~GH1~rtJic. 

bkG/'1'~~~~~5J'~1rMS9Go 

*J'E~~~-~Jl'fl~ttm~~~:to~Gm~~~M~,~ 
~1@~~-~~m9G~~rtt&u~Jl'fl~tt•~~~ 
~VJ~TGnk~mm~tJ:'i::fJ~-~5'l'Y/'l'~A.r\ 
7 r Jv~ Jl'fJ11Z~)({'.&ff'l1ic.n;~ G T~{l'.;9 Go 
~Jl'fJ11Z~)(pq~Jl'fJ11Z~XPX5J'{§~ic.fm~~ ~- F~,fj[M~, 

40 ttP~ 1 @~~~Jffl~~f§9G ~'J Hx&u'i:1Jv.r\Jv1f:1'~ 
~9G*VA7b~,*~~7~~0~b~£~<t~ 
~®Go*~~7~~0~b~, 'f1'Y:t~1r~mGM 
m~~n1rmt:f\~9G~?~'f'"\'Y:t~~'i::tJ1rm~9 

G'IW¥~fl~89iJ:~1*~®Go 'f 1' Y:tJVii, J '1' 7,'5]'~ 
iJ'~~-~ ® G ITTA~ t ~ ~, ~{§~ fi'i::fJ ~ illiJ~1r-3t 
~GoM6~~-*~~7~~0~b1r§~~T5J'~G 
~?ic.9Gt~~®Go M6~ic.~v'T~JtSJJ9nf;f. ii 
:tJ ii~@:,ffiic.rt:h -rr~u~~ n, Jl'fJ11Z~xii*1¥'ffiic.rt:h -r 
r~IJ~~ nGo ~{[ffi/ '1' 7,'A.r\7 r Mi~*"~ 6 O ~]!Zb~ 

so n, fumm~~tJ:'i::tJii, x~f-1*"~~~ 1 2 ic.~ ~ -r£Zb 
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15 
~ZlGo 7J<JE~tv 1 ?~,fl];f;t, t~/E1'1tiJ1r]!Z:b9!lXG:i: 

~7J<~JE~~.tlGili00~-~~fi~~~/~~~tt~m 
{t( G Tv'G ct iJ• G{'ff:T G.tltd:i ~C'®Go 7J\fifi1rlrlill 
tc G, 7J\1¥001r t G 0 7J<JE~7Jv::r 1J ;:(b~flfAHi'l\Jti:~n 

SJH;t, 1 9 6 8 :¥, .=.1 - 3 - 7 , J . W i 1 e y a 
n d S o n s t±:l!f&~ 1'111f¥~flfAH&lf{§lliJj'[1~®GJi{§ 

(Information Theory And R 
e 1 i a b 1 e Co mm u n i c a t i o n) J t~ 
9G7J'5J\- (Ga 11 aghe r) ff:~:st~ic:~«G 

(8) 

.tl lv1 Go 10 
JJ\JE~flfAHfi, fml<~:J- F C~T::r..5-fr~lE~tc.li:l~ 
t~) 1rfflv 1 TJinXC'~ G~T~-T'-)l~~lt:f\{[l'[t G 
T~:i:~/E.li:JG.tlH~M~~~~C'®GCt~ltR~m 

rPJC'®G ~? ti:'f-r ::,;;t;J;~flfAHi'ISti:~:i:1r:tN:f\ic: 9 G 
ct~~9Gt~C'®G~1r~RGT~<o 

;:ifs:J'ES}Jic: ~ G 7Jt*f;t, 'f 1' Y ;t;J;~~:i:1rlt:f\ft:: 9 Gt 
~C'fitl:v'o <!JVS, ;:ifs:J'6Sjj~7J1*f;t, m 1 i'Klft::~v'T 
L~Gk~?~~mm~ti:•n~~~~®GQAM~~ 
1f: fflv 'T~{§~ ZlG 'IW¥~~:i: 1rlt:f\ft:: 9 G t ~ C' ®Go 
7J<n~~~x.7J~~fii;i;, t~IE~•n v«JviJ'm 2 ~a 20 
film~~~~~J~~v«~~Ji9G~C'mtfil~~~J 

~ :;z:-70 71r:fi9 Gm~1izic:,¥umm~~ti:•n~t\!l5J'1rl1f1J 
VJ':1frTGCtC'®Go C~jlfiJllfr1rfitJ:?:t~l€fft::f;l;, 51 
2 ~ Jl'fJ11Z~)(1f:!E:l"t G ti:it .tlf;f tl: G tl:v 'o 
~v'C', m 3 ~lt{f£'f-r Y:tJv~~{[!fiJ ~ ;:(v«JVit::J! 
9 G ~-r 2 ~~m1I£m~1iz~rsi-rt\!l5J'•niJ'l1fiJVJ llfrT G 
ZlGo C~~llfrv«~~~ft~~' Jl'fl~tt7-7~1f:W 
@Jt/EJ"t9 G ct iJ'®&C', ~tffi'l:LiJ' G.;!p'ljtfc:,fj[~C'® 

Go 
;:ifs:J'ESJJ~!lt~ Gv 1 ~fft[{Jljft::fflv 1 G•ti~]lfljllfr7Jt*f;t, ~ 

~Jm VJ C'®Go 
C 1) )t{§fiic:~v'T~{illiJ ~ ;:(1f:z~IJ!EG.:C G T~{§o 
AC'*ffil'.9GCt~~VJ~mfi~~~GVA7bJ~~ 
1f:~fffil'.9Go C.tlG~:i:1f:z~iJ/E9GC~7°P-tAfi, m 
4 i'K11r~¥.~GIPJMft::~v'T L~cC'~Jl,SJJGtco VAT bJ 
~ :lnX5J'f;t, ~-~11ZJl'fJ11Z~xic:~v'T~tffil'.~.tlGo 
(2)~-~~Jl'fl~tt~~G,~l<tl:~~~ (CC~~ 

9~ftic:i;i;, o, 2, 4, 5, &lf6) ~-T'-5::r..vj 
Yr 1r~{§9 G ic:®&ti:•n v«Jv1f:~tffil'.9 Go C .tl 

30 

f;t, ?JT&~ BER, {Jlj;tf;f, 1::r..5-/1 0 0 0 0 0 ~ 40 

iflf01¥ 6 - 3 9 5 6 

16 
Tv 1 G7'-5::r..vjYJ--~,fj[~~, ttPts 1@1~2£~Jffl-r~ 
m9G~~rtt~:i:~tl:~C'~ffil:Gkt~C'®Go 

(4) ~l<~'f-rY:t;vic:~v'T, ~5J'ti:?!T&•nv« 

~&lf:i:~ti:~~2~7b7-7~1rITTPX9Go .:C.tlG 
~!J!{v:i;i;, ~~i'lsic:, ~1<'7'J i--&u~'J i---r£Zv~n 

Go 
(5)~m~:k~<tJ:G~5J'ti:•n~~":)lL~AT~ 

7° 4 ~7-/';J;1r*lii!PX9G Ct ic:~ VJ !'.:Ar ~i'7 b1f:~ 
PX9Go 
C6)~m-r~G•n~g~G~-r,~m~*~<ti:G 

~~tti:•nic:~>tG -r;fum-r~ G~f§•n1rJrll'l~ic:t~!E9 
Go 
L~c~•n3Ullfr7Jr*i;i;, lfll!J!ti:f1uic:~ ":) -r R < ft~~-r~ 
~?o c~oo~~~.tlGtt~~, ~«v-r~Y~VA 

7 bic:~v'T~~9G1\5 j-)11r£Z:b9t~C'fiti: 

]!Zl~, Jl'fl~ttfA&lff B~2~~-~~A&lfB~ 

~>JG, mtR~ntc~'J H)(N, ~-T'-5::r..vjYJ--1f:~ 

{§9Gtc.li:J~PJT&•n P 1r~G Tv'Go 
*- 1 

m .i5 ~ A 
N, N,-N, p MP(N, ~N,) 

0 0 

2 2 4 MP(0~2)= 2/t>:; I-

4 2 12 MP(2~4)= 4/t:,:; 1-

5 1 19 MP(4~5)= 7 /!:.,:; 1-

6 1 29 MP(5'"'-'6)=10/l:'-:; I-

m .i5 ~ B 
N, N,-N, p MP(N, ~N,) 

0 0 
2 2 6 MP(0'"'-'2)= 3/t:•,:; I-

4 2 18 MP(2'"'-'4)= 6/t:•,:; I-

5 1 29 MP(4~5)=11/t:•,:; 1-

6 1 44 MP(5~6)=15/1:·,1 1-

ml~~~rttN, ~Gm2~~~rttN,~~~~, 

~ts1@1~2£•-r~m9G~~rtt1rt\!l~9Gk.li:l~~ 

5J'ti:•n~,~~~~~~~":)T/E.li:JG.tlGo 
p z - p 1 

MP(N1,.....,Nz)= 

") rC'fml<~-T'-5::r..vjYJ--1f:~{§9Gfc®&ti:{§~ {E3.G, P2 &lfP1 f;t, ,fj[~~' t!Pi:S l@J~!j£~Jff]C'~{§ 
~>t~tl'ttic:~ ":)l~fanJ ~ ;:(1r*ffil:9G ct ic:~ VJfiti: 9G ~ 'J HxN 2 &lfN, ~-T'-5::r.. vj Y r1r~f§9 
:b.tlGo~BER~,2£-~.tlk~-~~~m~::r..7- G~®&ti:•n-r®Go N2-N1 ~' T-5J:.vj/ 
~~l'DC'®Go cnG~{§~~>J~tl'ttf;t, ~Yf89ti:£¥f r~,fj[~~, t!Pi:S 1 @J~tf£~Jffl1:'~{§9G ~'J Hx~:i:i'J\J 
iJ•G{~G.tl, c~5J'!ff1:' R < *DG.tl Tv'Go tl:~C'®Go BER f;t, 7° 1)-t 'J HlU'T-.l:,Zrft::{:§R~~? 

( 3) ~tffil:~ ntc?JT&~~{§•n v«JviJ• G, -T'-5 ::r.. ic: illiJ~N~ .tlG c t 1rfl~~~ ntc v 'o 
vjYJ--~~~~,~ts1@1~2£•-r~m9G~~i--tt Jl'fl~ttfA~~9G~5J'ti:•n~,Jl'fl~ttfB~~9G 

1rt\!l1Jo9 G ic:®&ti:~5J'ti:•n v«JviJ'tR:!E~ .tlG o c t ~ ~ VJ t ':J,>ti:v 'o t v,? ~i;i;, f B ic:~i:r G ~{an/~ 
nG~~5J'ti:?JT&~•nv«M;t, ~{§•n~~1f:, ,fj[ ;:(N (f B) iJ'f Afc~f:TG~{[!fi/~;:(N (f A) ~VJ 

~~, t!Pi:S 1 @J~tf£~Jffl1:'~{§9G ~'J HxiJ'lttt~JliG 50 :k~v 1 7J•GC'®Go 
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17 

Jtx:~11Z A & lf B OJ31Jllfr1i~ic:~miuc: "':) v '-r i:,rnc:~« 
Go ~~ 'J H)(N T 7J'Jl'fJ11Z~)(~{;;$:ic:::r..Y:J- F~ .tlG 
iJ\ ltx:~YlZ A ic: t B ic: t ~ 'J r iJ'jlfiJ VJ llfrT G .tL Tv 1iJ:v' 
tOJt{&!E9Go f11J;Uf, N (f A) &lfN (f B) 
f;t, retie: -T'-51f:{~t~ G Tv 'G <: .tLG OJltx;~11ZOJJi)J ~ 
VJ t-j\~v'o 

<:OJ{JUC'fi, V.7.-T bf;t, ~7·-5 ::r.. vj Y rOJtUi 
~,~~1@0J~•-r~~9G~~rtt1rm*•~~~ 

~9Gk~~~mm~tJ:HVJOJ10MOJ!i:fJ•ffi1rltx:~ 

11ZA t B t OJFsi-r3iJ VJ llfrT Go 
NT 1f: 2 ~ 'J }- tcit~1JQ9 G tc~ic: f;t, 'f '"\' Y:tJv A 1f: 
fflv'G~itfi 4•{v:OJJi:fJ1r3iJVJ ':1frT:Gf;fiJ:G9', 'f'"f 
y ;?,;]; B 1f: fflv 'G ~itf;t 6 •{v:OJJi)J1f:jlfiJ VJ llfrT:Gf;f;IJ: 
G id:v'o t v' ') OJf;t, jilif'f '"f Y:tJVit::~>f GT N, = 0 & 
lfN2 =2C'~VJ~GT'f'"\'Y:t~A~~GTMP (0 
~2) =2/~~r, 'f'"\'Y:t~B~~GTMP (O~ 

2) =3/~~rC'~G~GC'~Go ~,n~, V.7.-Tb 

(9) iflf01¥ 6 - 3 9 5 6 

18 
Tv 1 Gm~)(A.1J1r:fiG Tv'Go <:OJ ~7- r 3·7 bf;t, a 
filOJ!i1Jv«~~G~ft~.tLGo~7J7YrOJmttA.1J 

~, n?YrOJtt~-r~ffil'.~~~mm~tJ:•n~G~ 

ffil:~ .nG o ~fti;i;, fumm~~tJ:li1JiJ'€!. ~ G ;t -r*Yci:r G 
.tlGo 
~ftiJ':fG79Gt, ?f9-0Jv«JvMP (max) ~VJ{!£ 

v 1~T OJ~~ttJ:li:fJ{il'iiJ'li:fJ&lf-T'-5 OJ31J':1fric:)tit A. 
.tLG.tLG<:t~~!E~.tLGo~~,~mm~tJ:ii:fJ~~ 

MiJ:li:fJv«~MP (max) 1f:DGT$5J'~~€!.~k 
10 ~itic: f;t, k @OJ).i.1!1JQltx;~11Zic:, MP Cm a x + 1 ) ic: 

~ L,,t;1Ji1JiJ'l1fiJ VJ llfrT G.tLGo 

f;t, 4•{v:OJ!i/J1rltx'.~1!ZAic:]lfiJVJ':1frT, 2 ~'J r-T'­
)/J:.]/j Y}-1f:ltx;~~A~:J-F~G,~~~OJ~M 
~'~~1@0)~-C'~~9G~~rtt1f:NT~GNT m 
+2~~~G,HVJOJ~mm~tJ:111J•ffi~6tid:Go 
2~~r1r~~~~9G~it~~,ltx;~~A~~GTM 

~v'C', V.7.-Tbf;t, fil<OJltx;~1!Zic:Ji1J&lf-T'-51f: 

]lfiJ VJ llfrT G tc~ic::fl}lf Jl'fJ1£Z~)(~{;;$:1f:~ft9 Go ~ltJ:~YlZ 

ic:]lfiJVJ llfrT G.tLG!i/JOJ§f;t, MP Cm ax) ic:~Gv 1 

iJ•X.fi~.tL~ VJ 1J' ~v'llfr~ltx'.~11Zic:~>t9 G~5J'iJ:li1Jfil'i 
OJ,fQC'~Go cnic:tJQX.T, kMP (max+l) OJ{i!'i 
iJ'~.tL;tC']lfiJVJ llfrT G.tL Tv 1 id:v 1 ~itic:f;t, MP (ma 
x + 1) ic:~Gv 11i:fJOJ§iJ'l1fiJ VJ llfrT G.tLGo 
5 ;( ~ Y 3'&lf11lf§JJ!7lfOJtllHS 
)t{§V.7.rbic:~'":)T (x, y) «7 rJvr-/';J;1f::fl} 
~PX9G~itic:i;t, )t{§Gtd!Z%1f: 1 o 2 4@+TY7°1J 
y3·9 G <: tiJ'~&C'~Go H1~rtJfi*14 KHzC'~ VJ, 

~'"::ll, ~;(~7.rOJ+tY70Y~•~*18000/~ 

C', +tY7°JVFsiOJa~rsi+tY7°Jv:t7-t 'J Hi 1 2 5 --z ;( 
J;o~C'~Go~'"::ll,~+TY70Y~~00~128~ 
1)f)C'~Go IPJ1tic:, ~{§FFTfi, 10240JA.1J1r 
:fi9G~00V0-~1f:J6"±:G,~~~M~128~0~ 

C'~Go 

P ( 2 ~ 4) = 4 /~ 'J r C' H"J'f 1' Y:tJv B ic:~>f GT 
MP co~2) = 3 ~'J rC'~GiJ•G, •n•11liJ'6"J 
C'~&C'~Go~.tl~ V.7.-Tb~, 6•ffiOJ!i:fJ1rltx: 
~YlZ B ic:]lflj VJ llfrT, 2 ~ 'J r 7'-)1J:.vjYr1f:ltx;~11Z 
B ic:::r..Y:J- F G, ~{§~OJ,fj[M~, t!P~ 1 @OJ~~Jff]C' 

~~9G~~rtt1f:NT+2~GNT+4~~r~~~ 

G,HVJOJ~mm~tJ:ii:fJ•ffi~~otid:Go 
<: <: C'SJJGiJ•;IJ:~ ') ic:, V.7.-T bf;t, fil<OJltx;~11ZJl'fJ11Z 

~)(OJr:f:!C'!i/J:J.7. riJ'mff£OJtOJ1r lffel'.v' Cs ha 
p)J,~T-5::r..vjYJ--OJ~M~,~~l@OJ~R 

1:'~{§9 G ~ 'J }- ~)(1f:~1JQ~ 1±" G 0 

~llfrv.7.rb~, Jl'fl~tt1rmm~~ft9GM~~•~~ 
ic:~>tGmmic:]IZ11f:ITTPX9GCtic~'":)l~£~1:'5 1 2 
@OJltJ:~YJZ~{;;jl:;t C'J'Jt5i~ .tlGo 
~v'C', ~TOJltx'.~11Zic:~>tG T~tffil:~ ntc~~tiJ:?JT&ii 
1Jv«~1r~M~*~<iJ:G!i1J~~'":)T~nXGk~.7. 

r 3·7 biJ'~PX~ .tlGo M HK!fi, ;:ifs:J6SJJOJ7J1*ic: ~VJ 
~PX GtdJIJ7f,8\JiJ: ~7- r 3·7 b1f:1f, G Tv'Go 
M 1 l'Klic:i;t, ~~ttJ:li:fJOJ~f;;$;8\JiJ:£ZiJ'7f,~ .n Tv1iJ: 
v'o <!JVS, C0)~.7, r3'5bf;t, 0.5dBOJ7-7'J7°C' 
7J 7 Yr {il'iiJ'~t~ ntc 6 4 dBOJi81tt11r:fi9 G ~ ') ic:~PX 
~.tLGo 7--T~7t7--T~7tOJOOOJ§~iJ:~~7J'7Y 

rt GTfflv1G.tLGo <:OJ~~~mC'fi::Ef=fOJ}L~::r..7-

iJ'"t tG iJ\ {'f~~O)~~ 1f:~ G < {,1£1)9!(9 G <: t iJ'C'~ 
Go ~7- r 3·7 b1r~PX9 G0Jit::fflv1G7Jt*f;t, ;:ifs:]ESJJ 
1r~D'tl!9 G OJ ic:m&C'fiid:v 'o 
~7-r~7bOJ~n7Yr~, ~OJn7Yr~~~G• 

)J{iJ'iic:~ Gv 1~5J'iJ:li:fJ{il'i1r:fi9 Gltx'.~11ZOJ~)(1f:]IZ:b G 

+tY70Y~7o-t7-C'~,+tY70Y~1f:00~9Gk 

~ ~0))1;(~/~£~~~-t~nGo <:OJ)/;(~/~£ 

~f;t, IPJMrtric:~OJ7Jt*ic: ~ '":) Tlitlr:~ .tlGo M 4 i'K11r 
~OOGT!E~G.tLklPJM.7.7~7r:f:!~~,J6~tTb~ 

a~rsn Es Tic:r,t:;~:J-Uc:~itG 1 4 3 7. 5HzOJJl'fl 
11Z~XPX5J' CM1 OJ5;(~Y3'{§~) OJ::r..:t;v::¥1f:~t±:\9 

Go J::~cOJa~rsii;i;, M 1 OJ)I;( ~ Y3'Jl'fJ11Z~XPX5J'iJ'-3t{§ 
~ic:fiJJ!9 GlEllttJ:a~rsiOJ~~~ ~OJR!ll:'~ VJ, ~ffi~ 

~,*12~0~;t-rOJm!lC'~Go 

cOJ~~~~OJR!l~,~O)m~~~'":)--c~OJm!l~~ 

~G.tlGo M 1 0))/ ;j' ~ /3'{§~&lfM 2 0))/ ;j' ~ /3' 
40 {§~ ( 1 6 8 7. 5Hz) f;t, ::r..;f,,yJ;--z-J;ic:~v'Tf§ 

~~tJ:ffim~~oOJ~~C'~~~.tLGo 

J£~t-T'bfi, a~rsn Es T ic:~v 1TM 1&lfM2 OJ5 
;(~y~~~OJffim1rtt~9GoMltM20J5;(~y 

~~~00~2sofuOJJl'fl~tt~~~Gt,~12s--z;( 

J;o~OJ~00+tY7~:t71z~r~~G2"JOJ~~M~ 
11" OJffim9'.n~"ttGoMl&lfM20J5;(~y~ 
{§~f;t, ~.tLG OJ{ll~iJ'H1~0Jr:f:!Jl.•{'f]liJt::~G tc~ic:f§ 

~~tJ:ffim~~~~~C'~G c2so--z;(J;o~* 

lrlill) o ffE'"::J l, 2 "JO) )I;(~/ 3'ft/7°JvOJ{llf§1f:tt~ 
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19 
7~~r~Mtt~TEST~~K9GCt~~~-rrR 

tt5~~Y~£~To~~~9GCt~~~Go 

vY70Y~7P~A~5~~Y~[~9GCt~~~ 

Gk~~oo~~M~,Jl'fl~tt~~fflkffim~~~VF 

7~ Yic:~ --::i ·n~~~.tLG L t~®Go C~{:i'[f§~~ 
i;i;, ~~'Hrsic:, v F ~~3*"~~t~Jr€1'ic: i;i;, *12 ~ 1J tJ>!lXv' 
fi.:C.tLJ.-:,ZJ:~®Go ~ic:, C~{llf§~~f;t, 4KHz~{~ 

Ytrm-~~j[ffi\{'fili:~f;t~G < ~{l'.:9 Go 

(10) iflf0.lf 6- 3 9 5 6 
20 

2 ic::toitGPX5J'f;t, m1~ic:frJ;W9GPX5J'~®Go m1 o 
1'Klic::tov 1 T, f 2 ~m 2~11ZITT1 1 2 i;i;, fi ~m 1 ~ 
11ZITT 1 1 o iJ'-3tf§fiic:frJ;W9 G a~rsn a i~~a~rsn a+ 
TPH (8~ 1Jf)) ic:)t{§fiic:frJ;W9Go c~a~rsno+ 
rm~12s~0~~vY70Y~~M~OO~~.tLGo 
1JhT, f2 ~~~2~Xo -x,023 7J'vY7°1Jyl}' 
~.tLGo .:c~~~~m:m~s~0~~~~m~.nG~ 

~- f, ~~~2~tvY7° 1J Yl}'~.tLGo 

~~~M~=f~tm~~.tLGo f, ~m2~~Cy ms l'Klii, Jl'f111Z~xic: ftRff9 Gf1lf§~~~-3ti:rtd~~~Jl'fl 
11Z~)(~Jl'f111Z~X-~11Z~5J'11J~7f, G Tv'Go i;g 8 i'Kl~~JtSjJ 
9.tlf;f. Jl'f111Z~H o , f 256 &lf f 512 ic: 3 -::>~{§ 
~90, 94, &lf92iJ'7f,~.tLTv 1 Go :R~iJ'Ts~ 

2-::>~~2~x i&lfy i i;i;, ~Jl'f111Z~xic::tov 1T~{§~n 

10 i ) ~fu;gi;i;, c x i ) ~a:m~ s ~ 1J tJ>~~~f§ic: ~ 
--::iT, s ~ 1JtJ>~~~.tLGo 1/E--::iT, f, ~m2~2~~ 

Go ~~2~~ lfJf;t, ::f2£~®G Ct ic:am'.~ ntcv'o G 
iJ•GttiJ'G, H1~9 O&lf9 2~j[ffi\{'fili:~{§~~)fe~ 
f;t, H1~ 9 4 ~rtrJL>{'fili:~ c .tLG{§~ic:~»JG T~~~ .tL 
Go 
~ic:, 2 -::>~)l[j'j~ic:~{§~ ntc::r..;f; ") J; x i &lf y i ic: 
-::>v 1 Tf;t, H1~~J}j[ffi\{'fili:ic:®G{§~ 9 2 &lf 9 6 J:~ 
m 1 ~2~ x i ~1~£~7J\ m-~~rtrJN'fJli:ic:®G~2~ 9 4 20 
J:~i;g2~2~y i ~)fej[ffi\ic::~IB'l':9Go c~:~IB'l':ic:~ ~­

~2~rsi~=f1~7JVt tGo 
vY7°1J y l}'~ Y 5-1\JviJ'?!T-9-~a~rsi~ Y 5-1\;J; r 
s ~vY7°1) Yl}'9G~ ') ic:;W{'ff:T~.tLGr~Jr8'ic:f;t, ~ 
Jl'fl~tt~:to~G~-~~~~~ttvY7~~mG.n~ 
®~::r..;f;~J;~G~m~~vY70Y~~.tLGo 

retff~Vkrbfi, flif§fr~rr C~fl'.:) @1JE&~~fflv 1 Tf1l 

m~~~MS9Gt~~~~M~=f~~~~9Go 

::ifs:J'ESJJf;t, 3:Riflftt7J- ra~rsi7:t-"<''J r~fflv 1 T~fl'.: 

@1JE&~~~-tt~m~9Gt~~®Go C~7:t--z~ ~ 

r iJ'i;g 9 l'K[ic:7f,~ .tL Tv'Go 
i;g 9 i'K[~~JtSJJ9.tlf;f, a~rsi V 1) - ;/,' x i , y i & lf z i 
ic:~ --::iT~l<]IZ:b~ntci;g 1, i;g 2 &lfi;g 3 ~~{§~2~ 
iJ'7f,~.tLTv 1 Go i;g9l'K[ic:7f,~.tltd!Z%f;t, Jl'f111Z~Xf~ 

-~~~1-::>~2£R~.tLGo c~OO~~-~~~MTs 

~12s~0~~-m*ffim~~rm~s~0~~®G 
tf&~~.tLGo jJ- ra~rsi11Z%f;t, 1 3 6 ~ l)f')~J:.;f; 

)fej[ffi\f;t, f 2 ~m 1 ~2~~i~j[ffijtmff:Gttv 1 0 

8~0~~fl-F~M~, YATb~~mm~tt~Mt 

H1~1fJ t ~1'1~*9 6 %1!9X't'9 G ic:JJ~r~'ttv'o C ~{liJ•tt 
rJ9X't'fi, ~&tt7J- ra~rsiic:~>JG T~~2~~1fJiJ'?F11tic: 

:Rv 1 C t ic:~G t~~®Go 
]]!1JE 
~~ic:, ?!T-9-~•~1izic:-::>v 1 Tfi, 1UJiiJ7°P~Artric:i8l 

1±1~.nG c x, y) "'7 r ;J;~*~~iJ'Jl&lHc:J§mt¢,(ic: 
A.G 9', J ~ 7-'&lfff:!l~7 7 7 5 ic:~ ~ ~-¢,(~;t:b ~ ic: 
!lXGfi~5J'1!J~.tLGo~--::i-r,m~~-m11i'K1~7f,~ 
ntc!G£~JiilrY7°v- r~fflv 1T'T':J- F~.tLGo 

m11l'K1~~~9.n~ rY7v-r~~ITT113~~ 
1) 'J F~ITTPX~ n, ~ITT 1 1 3 ~rtrJL.,ic:f;tJllH~'t¢,( 1 1 4 
iJ'filW G.tL Tv'Go 
i;g11 l'K[ic::tov 1 T, .r\J; rJvW= (x n, y n) f;t, f 

n~:to~GV~Y&lf:Jv~Ym~~mR~.tlk~~~ 

]IZ:bGTv'Go Wf;t, Jllm't¢,( (3, 3) ~rtrJL.>t9G~ 
%113f1'Ht::®Go1/E--::iT, Wf;t, (3, 3) t'T':J­
F~.tLGo 

;:ifs:J'E~~- ~Mrtr~~~~.tLk~~G~~moA,Jl'fl~ 

tt~7~~r&lf5~~Y~~2£~~~~9G~'?~J]! 

1/E~fitt ')YA T b~{iffl;t Tv'Go 
c~J]!~VArb~,m11l'Kl~m•rY7v-r~~ 

ITTic::toi:r G-3t{§.r\7 r ;J;~f1l~~f1Jffl9 G t~~®Go 
m 1 21'Klic::tov 1 T, 1 -::>~~ITTiJ\ ;tr:r, ;tJJ:, ;tJJ:& 
u;tr:-r, ~1<, 1 1 s , 1 1 6 , 1 1 1 & u 1 1 s ~ 4 
-::>~~~~5J'~G.tLT:to~, cnG~,~I<,~~~ 

~~~', *~~~', 1J'~~~'~]IZ:b G Tv'Go cnG 4 
'J 7 ~~.lbGo fJU;Uf. i;g 1~11ZITT1 1 o C x i) ic::to 
v1Tfi, ~2~~a~rsiv 1J-7-'Xo -x,023 iJ'm:mic: 
~f§~ .n, ~v, ~, ~2~~m:m~ s ~ 1nJ> x o - x 6 .1 

W#J~~~.tLGo 

40 -::>~~--c~~~Hic::toitG7J'7Y riJ\ !lXGJl'f111Z~xic::tov' 

::r..;f,~J;~vY70Y~~- fl-F~M~ITT~m~~l 

2 s ~ 1J tJ>ic:tirux. ~ .nG cm:mic:frJ;W9 G Jl'f111Z~xnX5:tic: 
~--::iT~.li:JG.tLkfl-F~OO::r..;f;~J;~OO~~~G 

T) o 

L~~l±\7°P~AiJ'i;g1 ol'K[ic:7f,~.tllv 1 Go m1 Oi'K[ 
ic::tov 1 T, m-~~rtrJN'fili:~ f, t, m-~~j[ffi\f'fili:~ f 
2 t~:li3~Gi;gl&lfi;g2~fl-F~M~%110&lf 

1 1 2iJ'7f,~.tLTv'Go f, ic::toi:TGJl'f111Z~XPX5J'f;t, '3t 
mw~m:m~~;g9G~Jl'fl~tt~0~~PX5J'~®~- f ~ 

T!lXG a~rsiic:&~t~ t, !lXG a~rsiic::tov 1 T!lXGJl'fl11Z~x 

ic:&~t ~ t, B:v 1 ic:~ Gv 17J•X.i;ti;i: ;.:·~ Gv 1 ~itic: 

f;t, VA7biJ'~71J~:fdt~ic:®Go JW~, /~7-'iJ'rfl~~ 

~S:~®G~itic:i;i;, 7':-J- F~ntc.r\7 rJvwic:~>J9 
GJ:.5-~~~~7Y~btttGo 

GiJ• GttiJ'G, ~{§PAiJ'O. ldB~ttf£{l'.:9G~itic: 
~-~~~~G7J7Yr~tt~*~~~G7J7Yr~tt 
iJ•G~G<2£fl'.:9Go ~1tic:, ~~~'G7J'7Yr~~)(t 

~~~'G7J'7Y r~~xt~~iJ'*~v'~ific:i;i;, ~7~ 
'J r Jl'f111Z~)(~tf£{['.;ic:~ --::i T{llf§~@Jlfl~iJVt ttc Ct ~7f, 

Page 262 of 283



21 
G l (;' G 0 1/E ".) l' ~,!@\ ~', JJ!,J@\ ~'JSZ. lf ::k ~ ,!@\ ~', I J \ ~ 
l@l~~n7YrM~~~,~~oA&lf~7~~r~~ 
~)(~!j£{['.Jc:j]!:(JE9 G J_ 7-iflf t id: G 0 

;:ifs:J'ESjJf;t, <:~I 7-iflf'l11rfflv 1 T, IPJMrt=ric:~f[~ .tl 
k~~oA&lf~~tt~7~~r1rRS9Gt~~~ 

Go ~~11Z~xic:~>j' G, ±0. ldBX.f;t ± 1.0' ~~JiiJSiJ'I 7 
-iflf'l1fUils-:5v 1 TfiiJ::b.tlGo JlXG~ll"ilifJU~f;t, "f:J­
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