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IN THE UNITED STATES DISTRICT COURT 
FOR THE EASTERN DISTRICT OF TEXAS 

MARSHALL DIVISION 

EMSA T ADVANCED GE_O-LOCA TION 
TECHNOLOGY, LLC 

and 

LOCATION BASED SERVICES LLC, 

Plaintiffs, 

v. 

VIRGIN MOBILE USA, L.P.; 7-ELEVEN, 
INC.; MGA ENTERTAINMENT, INC.; 
CIRCLE K STORES, INC.; GREA TCALL, 
INC.; KAJEET, INC.; TRACFONE 
WIRELESS, INC.; ACE CASH EXPRESS, 
INC.; and ZT AR MOBILE, INC. 

Defendants. 
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CIVIL ACTION NO. 2:09-cv-091 

JURY TRIAL DEMANDED 

PLAINTIFFS' ORIGINAL COMPLAINT 

Plaintiffs EMSA T Advanced Geo-Location Technology, LLC ("Emsat") and Location 

Based Services LLC ("LBS") file this Original Complaint against the above-named Defendants, 

alleging as follows: 

THE PARTIES 

1. Plaintiff Emsat is a limited liability company organized and existing under the 

laws of the State of Nevad~ with its principal place of business located at I 0 I South bend Court, 

Loveland, Ohio. 

2. Plaintiff LBS is a limited liability company organized and existing under the laws 

of the State of Delaware with its principal place of business located at 500 Newport Center 

Drive, Newport Beach, California. 
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3. Defendant Virgin Mobile USA, L.P. ("Virgin Mobile") is a Delaware limited 

partnership with its principal place of business at 10 Independence Boulevard, Warren, New 

Jersey 07059 and can be served with process through its registered agent, CT Corporation 

System, 350 North St. Paul Street, Dallas, Texas 75201. 

4. Defendant 7-Eleven, Inc. ("7-Eleven") is a Texas corporation with its principal 

place of business at 1722 Routh Street, Suite 1000, Dallas, Texas 7520 I and can be served with 

process through its registered agent, Corporation Service Company d/b/a CSC - Lawyers 

Incorporating Service Company, 70I Brazos Street, Suite 1050, Austin, Texas 78701. 

5. Defendant MGA Entertainment, Inc. ("Bratz Mobile") is a California corporation 

with its principal place of business at I6300 Roscoe Boulevard, Suite 150, Van Nuys, California 

91406 and can be served with process through its registered agent, Isaac Larian, 163 80 Roscoe 

Boulevard, Van Nuys, California 91406. 

6. Defendant Circle K Stores, Inc. ("Circle K") is a Texas corporation with its 

principle place of business at 1130 West Warner Road, Tempe, Arizona 85284 and can be served 

with process through its registered agent, Corporation Service Company dba CSC - Lawyers 

Incorporating Service Company, 701 Brazos Street, Suite 1050, Austin, Texas 7870 I. 

7. Defendant GreatCall, Inc. ("Jitterbug") is a Delaware corporation with its 

principal place of business at 12680 High Bluff Drive, Suite 3I 0, San Diego, California 92130 

and can be served with process through its registered agent, Corporation Service Company dba 

CSC - Lawyers Incorporating Service Company, 701 Brazos Street, Suite 1050, Austin, Texas 

78701. 

8. Defendant kajeet, Inc. ("kajeet") is a Delaware corporation with its principal place 

of business at 8800 Clifford Avenue, Suite I 000, Chevy Chase, Maryland 208I5. kajeet can be 
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served with process through its registered agent, Corporation Service Company, 27II Centerville 

Road, Suite 400, Wilmington, Delaware I9808. 

9. Defendant TracFone Wireless, Inc. ("TracFone Wireless") is a Delaware 

corporation with its principle place of business at 9700 N.W. I 12th Avenue, Miami, Florida 

33178 and can be served with process through its registered agent, Corporate Creations Network, 

Inc., 34II Silverside Road, Rodney Building, Suite I 04, Wilmington, Delaware I98I 0. 

10. Defendant Ace Cash Express, Inc. ("Roxi") is a Texas corporation with its 

principle place of business at I23I Greenway Drive, Suite 600, Irving, Texas 75038 and can be 

served with process through its registered agent, CT Corporation System, 350 North St. Paul 

Street, Dallas, Texas 7520 I. 

II. Defendant Ztar Mobile, Inc. ("Ztar") is a Delaware corporation with its principal 

place of business at 350 North St. Paul Street, Suite 2900, Dallas, Texas 75201 and can be served 

with process through its registered agent, Kevin Haddad, 325 North St. Paul Street, Suite 3700, 

Dallas, Texas 7520 I. 

JURISDICTION AND VENUE 

I2. This is an action for infringement of United States patents arising under 35 U.S.C. 

§§ 27I, 281, and 284-285, ·among others. This Court has subject matter jurisdiction of the action 

under Title 28 U.S.C. § 133I and § 1338(a). 

13. The Court has personal jurisdiction over each Defendant, and venue is proper 

pursuant to 28 U.S.C. §§ 1391 and I400(b). Each Defendant has substantial contacts with the 

forum as a result of pervasive business activities conducted within the State of Texas and within 

this District, including but not limited to: (i) the marketing, sale and distribution of cellular 

telephones; (ii) the marketing and sale of services for cellular telephone communications; and 
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(iii) in certain instances, the ownership and/or operation of stores ~here Defendants sell their 

respective products and services. 

14. Each Defendant has committed and continues to commit acts of patent 

infringement, directly and/or through agents and intermediaries, by shipping, distributing, 

importing, offering for sale, and/or selling certain infringing products, services, and systems in 

Texas and, particularly, the Eastern District of Texas. Specifically, each Defendant has 

purposefully and voluntarily placed one or more of its infringing products and services into the 

stream of commerce with the expectation that they will be purchased by consumers in this 

District, which products and services have been, and continue to be, purchased by consumers in 

this District. Each Defendant provides support for their infringing products and services to their 

respective customers in the District. At least Defendants Virgin Mobile, 7-Eleven, and Roxi 

have availed themselves of the laws of the State of Texas by bringing lawsuits in this State. And 

Defendant 7-Eleven has availed itself of this forum by bringing and litigating a lawsuit here. 

BACKGROUND 

15. On August 31, 1999, U.S. Patent No. 5,946,611 ("the '611 patent") was issued for 

a "Cellular Telephone System That Uses Position of a Mobile Unit to Make Call Management 

Decisions." A true and correct copy of the '611 patent is attached hereto as Exhibit "A" and 

made a part hereof. On November 27, 2001, U.S. Patent No. 6,324,404 (''the '404 patent") was 

issued for a "Cellular Telephone System That Uses Position of a Mobile Unit to Make Call 

Management Decisions." A true and correct copy of the '611 patent is attached hereto as Exhibit 

"B" and made a part hereof. On January 25, 2005, United States Patent No. 6,847,822 ("the '822 

patent") was issued for a "Cellular Telephone System That Uses Position of a Mobile Unit to 

Make Call Management Decisions." A true and correct copy of the '822 patent is attached 
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hereto as Exhibit "C" and made a part hereof. On October 30, 2007, United States Patent No. 

7,289,763 ("the '763 patent") was issued for a "Cellular Telephone System That Uses Position of 

a Mobile Unit to Make Call Management Decisions." A true and correct copy of the '763 patent 

is attached hereto as Exhibit "D" and made a part hereof. The '611, '404, '822, and '763 patents 

are collectively referred to as the "Dennison patents." 

16. Plaintiff Emsat is the assignee of the Dennison patents and owns all rights, title, 

and interest in and to them. Plaintiff LBS is the exclusive licensee of the Dennison patents and 

possesses all rights of recovery under them, including the right to prosecute this action and to 

collect damages for all relevant times. 

17. The Dennison patents relate to systems and methods for combining certain 

features of cellular, or "wireless," telephone systems with location-finding technology to create 

location-aware networks that can determine the exact geographic locations of telephones and, in 

turn, use that information to improve network operations. In particular, the Dennison patents 

allow for increased accuracy in determining the location of a mobile phone for the purpose of 

transmitting location information to nearby emergency call centers, known as "Public Safety 

Answering Points" ("PSAPs"). 

18. In 1996, the Federal Communications Commission ("FCC") established the 

Enhanced 911 ("E911 ") program. Under "Phase 2" of the E911 program, all cellular telephone 

service providers in the United States must be capable of providing the location of cellular 

telephones to PSAPs with a specified accuracy for a specified percentage of wireless calls. 

19. The methods and systems involved in deploying a mobile E911 system, as 

described above, are substantially similar to those required to deploy so-called "commercial" 

location-based services to cell phone subscribers. In fact, commentators have asserted that the 
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FCC-required development of mobile E911 systems allowed the wireless carriers, such as 

Defendants, to develop and deploy commercial location-based services. These location-based 

services permit the cell phone user, often for a fee, to use his or her cell phone as a navigation 

device, to locate nearby products and services, and to find friends, among other things. 

20. Upon information and belief, Defendants, directly or through intermediaries, 

make, have made, use, sell, and/or offer for sale the above-described location-based services and 

systems for cellular telephones. These services and systems infringe the Dennison patents. 

COUNT I- INFRINGEMENT OF THE '611 PATENT 

21. Plaintiffs incorporate each of the allegations in paragraphs I though 20 as if fully 

set forth herein. 

22. Upon information and belief, Defendants have infringed and are continuing to 

infringe, contribute to the infringement of, and/or induce the infringet:nent of, one or more of the 

claims of the '611 patent (namely, claims 1-5) without Plaintiffs' consent or authorization. Such 

infringements include Defendants' offer for sale, sale, use, and/or inducement of the use, offer 

for sale, and sale of mobile E911 services. 

23. Plaintiffs have been damaged as a result of Defendants' infringing conduct. 

Defendants are, thus, liable to Plaintiffs in an amount that adequately compensates them for 

Defendants' infringements, which, by law, cannot be less than a reasonable royalty, together 

with interest and costs as fixed by this Court under 35 U .S.C. § 284. 

COUNT II- INFRINGEMENT OF THE '404 PATENT 

24. Plaintiffs incorporate each of the allegations in paragraphs 1 though 23 as if fully 

set forth herein. 

6 



Case 2:09-cv-00091-DF-CE Document 1 Filed 04/01/2009 Page 7 of 11 

25. Upon information and belief, Defendants have infringed and are continuing to 

infringe, contribute to the infringement of, and/or induce the infringement of, one or more of the 

claims of the '404 patent (including, at least, claim 9) without Plaintiffs' consent or 

authorization. Such infringements include Defendants' offer for sale, sale, use, and/or 

inducement of the use, offer for sale, and sale of mobile E911 services. 

26. Plaintiffs have been damaged as a result of Defendants' infringing conduct. 

Defendants are, thus, liable to Plaintiffs in an amount that adequately compensates them for 

Defendants' infringements, which, by law, cannot be less than a reasonable royalty, together 

with interest and costs as fixed by this Court under 35 U.S.C. § 284. 

COUNT III- INFRINGEMENT OF THE '822 PATENT 

27. Plaintiffs incorporate each of the allegations in paragraphs I though 26 as if fully 

set forth herein. 

28. Upon information and belief, Defendants have infringed and are continuing to 

infringe, contribute to the infringement of, and/or induce the infringement of, one or more of the 

claims ofthe '822 patent (including, at least, claims 10, 21, 24, 31, and 34-37) without Plaintiffs' 

consent or authorization. Such acts of infringement include Defendants' offer for sale, sale, use, 

and/or inducement of the use, offer for sale, and sale of mobile E911 services and, at least with 

respect to Defendants Virgin Mobile and kajeet, their offer for sale, sale, use, and/or inducement 

of the use, offer for sale, and sale of commercial location-based services. 

29. Plaintiffs have been damaged as a result of Defendants' infringing conduct. 

Defendants are, thus, liable to Plaintiffs in an amount that adequately compensates them for 

Defendants' infringements, which, by law, cannot be less than a reasonable royalty, together 

with interest and costs as fixed by this Court under 35 U.S.C. § 284. 
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COUNT IV- INFRINGEMENT OF THE '763 PATENT 

30. Plaintiffs incorporate each of the allegations in paragraphs 1 though 29 as if fully 

set forth herein. 

31. Upon information and belief, Defendants have infringed and are continuing to 

infringe, contribute to the infringement of, and/or induce the infringement of, one or more of the 

claims of the '763 patent (including, at least, claims 1, 4, and 23-32) without Plaintiffs' consent 

or authorization. Such infringements include Defendants' offer for sale, sale, use, and/or 

inducement of the use, offer for sale, and sale of mobile E911 services and, at least with respect 

to Defendants Virgin Mobile and kajeet, their offer for sale, sale, use, and/or inducement of the 

use, offer for sale, and sale of commercial location-based services. 

32. Plaintiffs have been damaged as a result of Defendants' infringing conduct. 

Defendants are, thus, liable to Plaintiffs in an amount that adequately compensates them for 

Defendants' infringements, which, by law, cannot be less than a reasonable royalty, together 

with interest and costs as fixed by this Court under 35 U.S.C. § 284. 

NOTICE OF PUBLISHED PATENT APPLICATION 

33. Plaintiffs incorporate each of the allegations in paragraphs 1 though 32 as if fully 

set forth herein. 

34. U.S. patent Application Pub. No. US 2008/0014965 AI ("the '965 Publication") 

to Dennison, et al., entitled "Cellular Telephone System That Uses Position of a Mobile Unit to 

Make Call Management Decisions," was published on January 17, 2008. 

35. Upon information and belief, Defendants have infringed and continue to infringe, 

contribute to the infringement of, and/or induce the infringement of, one or more claims of the 

'965 Publication without Plaintiffs' consent or authorization. Such acts of infringement include 
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Defendants' offer for sale~ sale, use, and/or inducement of the use, offer for sale, and sale of 

mobile E911 services and, at least with respect to Defendants Virgin Mobile and kajeet, their 

offer for sale, sale, use, and/or inducement of the use, offer for sale, and sale of commercial 

location-based services. 

36. Defendants · are hereby provided actual notice of the '965 Publication and 

Plaintiffs' provisional rights to a reasonable royalty from Defendants for the period of 

infringement beginning on the date of publication of the application for such patent and ending 

on the date the patent issues. 

37. Once the '965 Publication issues as a patent, Plaintiffs will amend their pleadings 

to allege infringement of such patent and seek damages adequate to compensate them for the 

ongoing infringements and a reasonable royalty for the period of infringement prior to when such 

patent issued. 

JURY DEMAND 

38. Plaintiffs hereby request a trial by jury pursuant to Rule 38 of the Federal Rules of 

Civil Procedure. 

PRAYER FOR RELIEF 

39. Plaintiffs request that the Court find in their favor and against Defendants, and 

that the Court grant Plaintiffs the following relief: 

a. Judgment that one or more claims of United States Patent No. 5,946,611, United 
States Patent No. 6,423,404, United States Patent No. 6,847,822, and/or United 
States Patent No. 7,289, 763 have been infringed, either literally and/or under the 
doctrine of equivalents, by one or more Defendants and/or by others to whose 
infringement Defendants have contributed and/or by others whose infringements 
have been induced by Defendants; 

b. Judgment that Defendants account for and pay to Plaintiffs all damages to and 
costs incurred by them because of Defendants' infringing activities and other 
conduct complained of herein; 
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c. That Plaintiffs be granted pre-judgment and post-judgment interest on the 
damages caused by Defendants' infringing activities and other conduct 
complained of herein; 

d. That this Court declare this an exceptional case and award Plaintiffs their 
reasonable attorney's fees and costs in accordance with 35 U.S.C. § 285; and 

e. That Plaintiffs be granted such other and further relief as the Court may deem just 
and proper under the circumstances. 

Dated: Aprill, 2009. 

10 

Respectfully submitted, 

ard elson, III 
exas State Bar No. 00797142 

Attorney-in-Charge 
Brent N. Bumgardner 
Texas State Bar No. 00795272 
Barry J. Bumgardner 
Texas State Bar No. 00793424 
Christie B. Lindsey 
Texas State Bar No. 24041918 
NELSON BUMGARDNER CASTO, P.C. 

560 1 Bridge Street, Suite 300 
Fort Worth, Texas 76112 
(817) 377-9111 
(817) 377-3485 (fax) 
enelson@nbclaw .net 
bbumgardner@nbclaw .net 
barry@nbclaw .net 
cl indsey@nbclaw .net 

T. John Ward, Jr. 
Texas State Bar No. 00794818 
WARD & SMITH LAW FIRM 
Ill W. Tyler Street 
Longview, Texas 75601 
(903) 757-6400 
(903) 757-2323 (fax) 
jw@jwfirm.com 
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Eric M. Albritton 
Texas State Bar No. 00790215 
ALBRITION LAW FIRM 

P.O. Box 2649 
Longview, TX 75606 
(903) 757-8449 
(903) 758-7397 (fax) 
ema@emafirm.com 
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United States Patent [19] 

Dennison et al. 

(54) CELLUlAR TELEPHONE SYSTEM THAT 
USES POSITION OF A MOBILE UNIT TO 
MAKE CALL MANAGEMENT DECISIONS 

[75] Inventors: Everett Dennison; Edwin L. Nass, 
both of Canfield, Ohio; Timothy J. 
Duffy, West l\'fiddlesex, Pa.; Gregory T. 
Pauley, Canfield, Ohio; Scott L. Jones, 
Sharon, Pa.; Deborah J, Shale, Poland, 
Ohio 

[731 Ac;.-;ignee: Sycord Limited Partnership, Zephyr 
Cove, Nev. 

[ •] Notice: This patent is subject to a terminal dis­
claimer. 

(21) Appl. No.: 08/670,281 

(22) Filed: Jun. 21, 1996 

[62) 

[51) 
[52) 

[58) 

[56) 

Related U.S. Application Data 

Division of application No. 08!555,884, Oct. 23, 1995, Pat. 
No. 5,546,445, which is a continuation of application No. 
08/402,976, Mar. 13, 1995, abandoned, which is a continu­
ation-in-part of application No. 08/057,833, May 7, 1993, 
abandoned, which is a continuation-in-part of application 
No. 07/813,494, Dec. 26, 1991, Pat. No. 5,235,633. 

Int. Cl. 6 
....................................................... H04Q 7/20 

U.S. Cl ........................... ~55/404; 455/445; 455/457; 
455/521 

Field of Search ..................................... 455/456, 404, 

3,662,267 
4,144,411 
4,161,734 
4,545,071 
4,700,374 
4,724,538 
4,799,062 

455/12.1, 457, 521, 440, 445 

References CitL>d 

U.S. PATENT DOCUMENTS 

5/1972 Reed ....................................... 4551456 
3/1979 Frenkiel ...................................... 179/1 
7/1979 Anderson .... ............................ 342/457 

10/1985 Freeburg ................................. 455/456 
10/1987 Bini ......................................... 4551456 
2/19AA Farrell ..................................... 455/404 
1/1989 Sanderford .............................. 342/457 

US005946611A 

[11] 

[45) 

Patent Number: 

Date of Patent: 
5,946,611 

*Aug. 31, 1999 

4,812,852 3/1989 Bent ........................................ 342/457 
4,888,593 12/1989 Friedman ................................ 342/457 
4,939,522 7/1990 Newstead ................................ 342/457 
5,223,844 6/1993 Mansell ................................... 342/457 
5,299,132 3/1994 Wortham ................................. 342/457 
5,303,297 4/1994 Hillis ......................................... 379/63 
5,311,197 511994 Sorden .................................... 342/457 
5,317,323 5/1994 Kennedy ................................. 342/457 
5,319,374 6/1994 Desai ...................................... 342/457 
5,327,144 7/1994 Stilp ........................................ 342/457 
5,343,512 8/1994 Wang ...................................... 342/457 
5,365,450 11/1994 Schuchman ............................. 342!457 
5,365,451 11/1994 Wang ...................................... 342/457 
5,365,516 11/1994 Jandrell ................................... 342/457 
5,382,958 1/1995 FitzGeerald ............................. 342/457 
5,390,124 2/1995 Kyrtsos ................................... 342/457 
5,390,125 2/1995 Sennott ................................... 342/457 
5,390,339 2/1995 Brockert .................................. 342/457 
5,418,537 5/1995 Bird ........................................ 342/457 
5,430,656 7/1995 Dekel ...................................... 342/457 
5,452,211 9/1995 Kyrtsos ................................... 342/457 

Primary Examiner~dward F. Urban 
Assistant Examiner--=rilahun Gesesse 
Attorney, Agent, or Firm-Terry M Gemstein 

[57) ABSTRACT 

A cellular telephone system includes a plurality of cell sites 
and a mobile telephone switching office. Call management, 
including selection of a cell site most appropriate for a call 
associated with a mobile unit, are made based on the 
geographic location of the mobile unit as opposed to the 
strength of the signal associated with the call. The geo­
graphic location of the mobile unit is precisely determined 
using a NAVSTAR global positioning system, or its equiva­
lent. Each mobile unit includes a GPS receiver that receives 
information from a geostationary satellite to determine the 
precise location of the mobile unit. This position information 
is relayed to the cell site initially managing the mobile unit, 
and the mobile unit is handed off to a cell site that is most 
appropriate for the call. Initial selection of an entrance cell 
site is made based on signal strength, but further call 
management decisions are made based on location of the 
mobile unit. 

5 Claims, 14 Drawing Sheets 



Case 2:09-cv-00091-DF-CE Document 1-2 Filed 04/01/2009 Page 3 of 20 

U.S. Patent Aug. 31, 1999 

CELL 
SPLITTING 

Sheet 1 of 14 5,946,611 

'~-----------------~--------------------~' v 
FIG. 1. 



Case 2:09-cv-00091-DF-CE Document 1-2 Filed 04/01/2009 Page 4 of 20 

U.S. Patent Aug. 31, 1999 Sheet 2 of 14 5,946,611 

10 

6 
ANTENNA 

I 
I 

MOBILE ) 
TELEPHONE 1 2l 

UNIT '- _, 

12~~ 
. ~ CELL 

12A 
TELEPHONE 

COMPANY 

SITE 

11 

'~----------------------~ ----------------------------------~1 v 
FIG. 2 
(PRIOR ART> 



Case 2:09-cv-00091-DF-CE Document 1-2 Filed 04/01/2009 Page 5 of 20 

U.S. Patent Aug. 31, 1999 

l 

Sheet 3 of 14 

~<( 
oz a:Z 
~w 
Ot-
t-~ 

,--------------

c 
<( 
a.. 
>­w 
~ 

a: 
w 
~ 
<( 
w 
a.. en 

ll) 

N 

a:. w 
> w 
~ z 
<( 
a: 
1-

5,946,611 

L---------~---------



Case 2:09-cv-00091-DF-CE Document 1-2 Filed 04/01/2009 Page 6 of 20 

U.S. Patent Aug. 31, 1999 

BASE 

~TE~ 16 

YE 
FROM/TO ~ ~ 

1
, 8 ~1 4 

BASE 
ANTENNA ,lr . 

10 

Sheet 4 of 14 

FROM/TO 
MOBILE 

ANTENNA 

5,946,611 

8 4 

RECEIVER I TRANSMITTER 
I 

RECEIVER :TRANSMITTER 

t-----..1.------· _____ J. _____ _ 

CONTROL 
TERMINAL 

LAND LINE 20 

17 
CONTROL 

LOGIC 

TELEPHONE .p;ELL SITE MOBILE UNIT 

r---- --------------, 
I CD I 
I CENTRAL ! 12A~{ OFACE 

I 
I 

SWITCHING 
NETWORK 

SN 

7 

HANDSET 

....,...T 

FIXED-POSITION 
LAND-BASED 
TELEPHONE 

L--~ 7-- ~RANSMISSION 
LINK, L1 

'~---------------~--------------------~/ v 
FIG. 4. 
(PRIOR ART) 



t---.-~• PERIPHERAL..,._. _ _.. 
SWITCHING MODULE VOICE CHANNELS 
NETWORK TO CELL SITES & 

PERIPHERAL LAND FACILITIES 
MODULE 

CENTRAL MESSAGE 
CONTROLLER 

CPU 

DATA PROGRAM 
STORAGE STORAGE 

ST 

CURRENT PARAMETERS 
FOR CELL SITE COVERAGE 

DESIGNED IN TABULAR 
FORMAT WITH RESPECT 

TO SIGNAL lEVEL 

INPUT I OUTPUT 
CONTROLLER 

...... -~ DATA LINKS 
TO CELL SITES 

FIG. 4A. 
{PRIORARn 

~ • 
'CI'J. 
• 

(') 
Q) 
(/) 
CD 

~ 
0 c.o 

I 

~ 
I 

0 
0 
0 c.o 
~ 

I 

0 , 
I 

(') 
m 

0 
0 
0 c 
3 
CD 
::J -~ 
I 

1\.) 

:TI 
CD 
c. 
0 

~ 
~ ·-1\.) 
0 
0 c.o 

-u 
Q) 

co 
CD 
....... 
0 
""'+\ 

1\.) 
0 



Case 2:09-cv-00091-DF-CE Document 1-2 Filed 04/01/2009 Page 8 of 20 

U.S. Patent Aug. 31, 1999 

IDLE MOBILE UNIT SCANS 
OVERHEAD MESSAGE TO 
DETERMINE WHAT CELL 
SIGNAL IS STRONGEST. 

MOBILE UNIT LOCKS 
ONTO THAT CELL. 

LAND INITIATED CALL 
TRANSFERRED FROM 
TELEPHONE TO MTSO. 

_t 
MTSO SENDS OUT A 
•LOCATE REQUEST' 

SIGNAL TO ALL CELLS. 

THAT CELL RELAYS ID 
INFORMATION TO MTSO 

STATING THE PRESENCE 
OF THE MOBILE UNIT. 

MTSO ESTABLISHES VOICE 
AND DATA LINKS WITH 

MOBILE UNIT VIA THE CELL. 

I CELL CHECKS SIGNAL STRENGTH. I 
! 

IF SIGNAL STRENGTH DROPS 
BELOW A THRESHOLD LEVEL, 

CELL SIGNALS MTSO. 

MTSO SENDS OUT A 
"LOCATE REQUEST' 

TO ALL NEIGHBOR CELLS. 

Sheet 6 of 14 5,946,611 

,, 
A NEIGHBOR CB.L WILL IDENTIFY 

THAT IT HAS THE MOBILE UNIT 
AT A PARTICULAR STRENGTH 

MTSO COMPARES NEW 
STRENGTH WITH TABLE OF 

ALLOWABLE SIGNAL STRENGTHS. 

MTSO SIGNALS MOBILE 
UNIT VIA OLD CELL TO 

RETUNE TO NEW CELL 

MOBILE UNIT RETUNES 
TO NEW CELL. 

MTSO RE-ROUTES 
(HANDS OFF) THE MOBILE 
UNIT TO THE NEW CELL 

FIG. 5 
(Prior Art) 



Case 2:09-cv-00091-DF-CE Document 1-2 Filed 04/01/2009 Page 9 of 20 

U.S. Patent Aug. 31,1999 Sheet 7 of 14 

v 

\ ,----------------

c 
< a.. 
> w 
~ 

co 
T"" 

a: w 
~ 
< w 
0.. en 

v 
C\1 

~ a: 
0 
~ w 
~ 

l() 
C\1 

co 

a: w 
en> a..-
(!J~ 

UJ 
a: 

a: 
w 
> 
jjj 
0 
Cll z 
< 

Q) a: 
1-

~ 
()a: 
-t:: 

§~ 
0 

5,946,611 

~ 
• 

-~ L( 

L ______________________ J 



Case 2:09-cv-00091-DF-CE Document 1-2 Filed 04/01/2009 Page 10 of 20 

U.S. Patent Aug. 31, 1999 

FROMfTO 18 ,,4 BASE 
ANTENNA 

TAANSMITIER 

---

8 

Sheet 8 of 14 5,946,611 

2/.~ SATELLITE 
MOBILE GPS RCVR. 

UNIT 
10 

LO~ ~M' 
--I 

FROM/TO 
MOBILE 

ANTENNA 

4' 

RECEIVER TRANSMITIER 

--- -------
CONTROL GPS CONTROL 
TERMINAL RCVR. LOGIC 

, 7 '----'------....11 

TELEPHONE 
LANDUNE 

r--
1 
I 
I 
I 
I 
I 
I 
I 
I 

CELL MOBILE UNIT 
SITE 

--------------, 

TRANSMISSION 
LINK ~ 

(;\.C ,__ _ _j.....,._-t .. ~ SWITCHING 
\::J NETWORK 

I 

~------------------

HANDSET 

FIXED-POSITION 
LAND-BASED 
TELEPHONE 

'~----------------~~-----------------------~/ y 
FIG. 7. 



SWITCHING 
NETWORK 

1 
.._

1 

CENTRAL MESSAGE 
CONTROLLER 

DATA 
STORAGE 

CPU 

PROGRAM 
STORAGE 

CURRENT PARAMETERS 
FOR CELL SITE COVERAGE 

DEFINED IN TABULAR 
FORMAT WITH RESPECT 

TO SIGNAL LEVEL. 

PREPARED PARAMETERS 
FOR CELL SITE COVERAGE 

DEFINED IN TABULAR 
FORMAT WITH RESPECT TO 

GPS LOCATION INFORMATION. 

VOICE CHANNELS 
TO CELL SITES & 
LAND FACILITIES 

INPUT I OUTPUT 
CONTROLLER 

1 .. DATA LINKS 
TO CELL SITES 

FIG. 7A. 

~ • 
00 • 

~ 
~ 
~ 

= ~ 

> c qo 
~ 
r 
...... 
\C 
\C 
\C 

00 =­~ 
$a 
\C 
e ......, 
...... 
~ 

Ol ... 
\C 
~ 
C\ ... 
C\ 
1--L 
1--L 

() 
Q) 
CJ) 
CD 

~ 
0 co 
I 

~ 
0 
0 
0 co 
~ 

I 

CJ ., 
I 
() 
m 

CJ 
0 
(") 
r::::: 
3 
CD 
::J -~ 

I 
1'\.) 

::!! 
CD 
0. 
0 
~ -0 
~ -1'\.) 
0 
0 co 

"'0 
Q) 
cc 
CD 
~ 

~ 

a 
1'\.) 
0 



Case 2:09-cv-00091-DF-CE Document 1-2 Filed 04/01/2009 Page 12 of 20 

U.S. Patent 

CELL 
SITES 

REC. 

Aug. 31, 1999 

TX 

CONTROL 

Sheet 10 of 14 

v 
REC. 

CELL 
2 

CONTROL 

5,946,611 

TX 

. )'....-~--~~ ........... --......... ~~~---~ 
c3o 

MTSO 

LAND 
SYSTEM 

CENTRAL 
CONTROLLER 

SWITCHING 
NETWORK 

CENTRAL 
OFFICE 

CENTRAL 
OFFICE 

I 
00 

LANOLINE 
PHONE 

..----........ 
MEMORY 1-----1 

BILLING 
INFO. 

I 
I 

POWER 
COMPARISON 

I 
LOOK UP 

TABLE 

FIG. B. 



Case 2:09-cv-00091-DF-CE Document 1-2 Filed 04/01/2009 Page 13 of 20 

U.S. Patent 

Cell Site #1 

Cell Site #2 

Cell Site #N 

Aug. 31,1999 Sheet 11 of 14 

1 
2 
3 
4 
5 

1 
2 
3 
4 

LOOK-UP TABLE 
Boundary Points 

(minimum 4) 

(Latitude, Longitude) 
(Latitude, Longitude) 
(Latitude, Longitude) 
(Latitude, Longitude) 
(Latitude, Longitude} 

(Latitude, Longitude) 
(Latitude, Longitude) 
{Latitude, Longitude) 
(Latitude, Longitude) 

5,946,611 

'~----------~ ~----------~/ v 
FIG. 9. 



LANDUNE 
TELEPHONE 

PUBLIC/PRIVATE 
TELEPHONE 
NETWORK 

~ LANOLINE 

~· .. -~ TRUNK 

Ci1 ROUTE TO MTSO 

,t• DIAL TO~E / 

(p / / 
\b DIAL DIGITS 

o0' 

MOBILE 
TELEPHONE 
SWITCHING 

OFFICE 

VOICE LINK 

DATA LINK 

PAGE REQUEST 
(ALL CELL SITES) 

MOBILE 

CELL SITE 
EQUIPMENT 

__ LOC~T_!9!:!_ __ 

1P .... ~~~~---------fl \b RINGBACK TONE 
CONRRM 
ALERTING 

REMOVE 
RINGBACK TONE 

OFF-HOOK 
MESSAGE 

CONNECT 
TO MOBILE 

MOBILE 
TRANSCEIVER 

UNIT 
MOBILE 

TELEPHONE 

0 

\. ---------------------~/ ~--------------------~v 

FIG. 10. 

~ • 
00. • 

() 
Q) 
en 
CD 
1\J 
0 c.o 
I 

~ 
I 

0 
0 
0 c.o 
~ 

I 

0 
"'T1 
I 
() 
m 

0 
0 
n 
c: 
3 
CD 
::::J .-.. 
~ 

I 

1\J 

:!] 
CD 
a. 
0 
~ 
0 
~ 

~ 
0 
0 
c.o 

-u 
Q) 
co 
CD 



Case 2:09-cv-00091-DF-CE Document 1-2 Filed 04/01/2009 Page 15 of 20 

U.S. Patent Aug. 31, 1999 

CALL REQUESTED 
FROM CELLULAR PHONE 

r--- ---, 
I SEND G.P. S. 
1 LAT., LON. 1 L---[ ___ J 

j SELeCT PROPER -l 
CELL FROM G.P.S. 

I DATA FROM MTSO I .._ ___ ____ J 

,, 
SELECT PROPER 
CELL BY POWER 

COMPARISON 

,, 
CALL RECORD IS 

INITIATED FOR 
BILLING PURPOSES 

.. , r--- .._ ___ , 
I 

G.P.S. DATA IS I 
RECORDED FOR 

I RATE, TAX, LOCATION I 
.._ ___ [ ___ J 

r--- ---, 
1 IF 911 EMERGENCY 1 
I CALL, SEND LOCATION I 
L _2~ELL TE!:_ C~-- J 

Sheet 13 of 14 5,946,611 

FIG .. 11A. 



Case 2:09-cv-00091-DF-CE Document 1-2 Filed 04/01/2009 Page 16 of 20 

U.S. Patent Aug. 31, 1999 Sheet 14 of 14 5,946,611 

------, 
r--- ---, 
I GPS MONITOR 1 

L -L~~UP T~==- J 

. SIGNAL LEVEL 
MONITOR 

NO 

NO 

r--- ---1 
I HAND OFF TO 1- __ _j 
L APPROPRIATE SITE J 
--- ---

MTSO ASKS ADJACENT 
SITES TO MEASURE 

SIGNAL LEVEL 

HAND OFF TO 
APPROPRIATE SITE 

FIG. 118. 



Case 2:09-cv-00091-DF-CE Document 1-2 Filed 04/01/2009 Page 17 of 20 

5,946,611 
1 

CELLUlAR TELEPHONE SYSTEM THAT 
USES POSITION OF A MOBILE UNIT TO 

MAKE CALL MANAGEMENT DECISIONS 

2 
associated therewith to call the MTSO 12 via a transmission 
link L1. The MTSO then utilizes its own switching network 
and generates a page request signal to all cell sites via 
transmission links, such as the transmission link 20. The cell 
site which has been notified of the presence of the mobile 
unit M sends a signal back to the MTSO via the laodlines 
alerting the MTSO of the presence of the mobile unit. The 
MTSO then orders the mobile unit, via the notifying cell site, 
to tune to an assigned channel and receive the call. Billing 

"This is divisional of copending application Ser. No. 
08/555,884 filed on Oct. 23, 1995 now U.S. Pat. No. 
5,546,445 which was a continuation of application Ser. No. 
08/402,976 filed on Mar. 13, 1995 abandoned, which was a 
continuation-in-part of Ser. No. 08/057,833, filed on May 
7,1993 and is now abandoned, which was a continuation­
in-part of Ser. No. 07/813,494, filed on Dec. 26, 1991, and 
which is now U.S. Pat. No. 5,235,633." 

10 and other business information are recorded in the MTSO at 
this time. 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to the general art of cellular 15 

mobile radiotelephone (CMR) technology, and to the par­
ticular field of managing the calls in a cellular system. 

BACKGROUND OF THE INVENTION 

On the other hand, during call origination, the mobile unit 
rescans the control channels to determine which is the best 
server based on signal strength. Upon selecting the best 
server, the mobile unit transmits call site information on the 
control channel receive frequency and then receives a voice 
channel to tune to if the mobile unit is authorized to place a 
call. 

CMR is a rapidly growing telecommunications system. 
The typical CMR system includes a multiplicity of cells, 
such as indicated in FIG. 1. A particular geographic area is 
subdivided into a multiplicity of subareas, with each of the 
subareas being serviced by a stationary transmitter/receiver 
setup. The cells are set up to carry signals to and from 
mobile units M in the range of the cell. If one cell becomes 
too crowded, it can be divided into smaller cells, by a 
process known as cell splitting. A'\ can be seen from FIG. 1, 
any particular geographic area can become quite compli­
cated with cells overlapping each other, and overlapping 
cells of other neighboring cellular systems. It is noted that 
the term "cellular" is intended to be a term of convenience, 
and is not intended to be limiting. The present disclosure is 
intended to encompass any communication system in which 

As the mobile unit moves, the signal strength between that 
20 mobile unit and the originating cell site changes, and per­

haps diminishes. Since signal strength is an inverse function 
of the square of the distance between the mobile unit and the 
cell site, signal strength can change rapidly and drastically 
as the mobile unit moves with respect to the cell site and 

25 therefore must be monitored closely. Moreover, signal 
strength can be strongly affected by terrain, environmental 
conditions as well as interference from other sources. The 
MTSO has a signal strength table ST, and signal strength 
from the mobile unit is constantly compared to acceptable 

30 signal strength levels in the table. Such a table can be located 
in each cell site if desired. 

an overall area can be divided into one or more subareas 35 

such as shown in FIG. 1. 

Should signal strength diminish below a preset range, the 
MTSO generates a "locate request" signal to all cell sites 
that neighbor the original cell site. Each of such neighboring 
cell sites receiving a signal from the mobile unit signals the 
MTSO, and the signal strength from such neighboring cell 
sites arc checked against the signal strength table. The 
MTSO makes a decision as to which cell site should control 

A typical CMR set up is indicated in FIGS. 2 through 7, 
and will be described so an understanding of the problem to 
which this invention is directed can be obtained. 

40 
the call, and notifies the original cell site to order the mobile 
unit to retune to a voice channel of the new cell site. FIGS. 2, 3 and 4 show a typical cellular telephone unit 2 

having a unique mobile identification number stored in a 
suitable location such as an electrically erasable program­
mable read-only memory (not shown). Telephone units of 
this kind are known to those skilled in this art, and thus will 45 
not be described in detail. 

The telephone unit 2 includes a handset 4 having a keypad 
5 as well as a speaker 6 and a microphone 7. A transceiver 
8, ordinarily built into the telephone unit 2, exchanges 
signals via an antenna 10 with a mobile telecommunications so 
switching office or MTSO 12 via a cell site 14. A duplexer 

A-; soon as the mobile unit retunes, the mobile unit 
completes the call via the new cell site channel. 'Ibis transfer 
of control is known as a handoff. 

While this method of making switching decisions has 
worked well in the past, the growth and sophistication of the 
cellular industry has resulted in severe drawbacks to this 
method. First, due to uneven terrain, unpredictable environ­
mental conditions, interference and the like, many cellular 
companies have been required to construct numerous cell 
sites. These cells often overlap neighboring cell sites and 
provide redundant coverage. This is extremely expensive, 
not only from the standpoint of construction costs, but due 
to monitoring and staffing costs as well. Even at this, 

15 connects the antenna to the transceiver. The cell site 14 
includes an antenna 16 connected to a control terminal 17 
via a transceiver 18. The cell14 is connected to the MTSO 
via a transmission link 20. ss conditions can change so rapidly that coverage may still be 

inconsistent. Referring to FIGS. 4A and 5, the operation of the CMR 
can be understood. The mobile unit M moves about the 
geographic areas covered by the various cells as indicated in 
FIG. 1. As that mobile unit moves about, it decodes the 
overhead message control signals generated by various cell 60 

site control channels. The mobile unit locks onto the cell site 
that is emitting the strongest signal. The mobile unit rescans 
channels periodically to update its status. If, for example, a 
fixed-position land-based telephone T is used to call the 
mobile unit, a signal is sent via landlines L, to the central 65 

office CO of a public/switched telephone system (PTSN) 
12A. Thi-; system then utilizes the switching network SN 

Still further, due to idiosyncrasies in terrain and 
environment, a mobile unit may use a cell that is located far 
from the mobile unit rather than a cell located immediately 
adjacent to that mobile unit. Hilly terrain is a common 
example of this problem. While this may not be a technical 
problem, it is important because a cellular company cannot 
assess long distance charges and/or mes.o;age units to the 
calls. This deprives the cellular company of income that it 
could otherwise receive.and customers of optimum service. 
Communities are also deprived of tax income that might be 
as.o;essed against such calls as well. 
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Still further, since only signal strength is used to make 
switching decisions, the location of a caller is not ascertain­
able. This could be important in keeping track of calls. 

4 
location of the mobile unit rather than the strength of the 
signal associated with that unit. The MTSO has a look-up 
table in its data storage facilities that compares positional 
data from the mobile units to data associated with cell site 
coverage areas. Based on a look up in this table, the MTSO 
can select the cell site most appropriate to a call. 

Other problems that have been experienced in such cel­
lular systems include the inability to completely control the 5 

cell site transmit signal, crosstalk noise interference, 
dropped calls, overlap and an inability to adequately service 
areas with undulating terrain without infringing the borders 

Since the position of the mobile unit is known to the 
MTSO, the assessment of message units, taxes, and other 
charges can be made. The billing will be more consistent 

10 than is possible with present systems. Of course, call routing 
will be greatly improved in the system of the present 
invention as compared to prior systems. 

of other cellular territories. 
Therefore, there is a need for a cellular system that can 

provide consistently high quality service, yet can do so with 
a minimum number of cell sites in a particular geographic 
area. Still further, there is a need for a cellular system that 
can accurately assess charges for all CMR services including 
message units for calls covering a certain distance within the 
geographic area. 

OBJECfS OF THE INVENTION 

It is a main object of the present invention to provide a 
cellular system that can provide high quality service using 
only a minimum number of cell sites within a given geo­
graphic area. 

Still further, sin'-"e call management decisions are made 
based on position of the mobile unit, the number of cell sites 

15 can be reduced as communication is not subject to vagaries 
of weather or the like to the degree that call management 
decisions based on signal strength are. Even with the 
reduced number of cell sites, the quality of calls using such 
a system is improved due to proper handoff. ]be system is 

20 quite flexible, and cell site placement and frequency reuse 
are extremely efficient since call management is much more 
precise than in systems that use signal strength to make call 
management decisions. 

It is another object of the present invention to provide a 
cellular system that can accurately track a mobile unit within 
the geographic area covered by the cellular system. 

25 
The cellular system of the present invention in which call 

management decisions are made based on position of the 
mobile unit can reduce or eliminate the provision of cellular 
service beyond the authorized area, in effect reducing the 
interference to and from neighboring cellular carriers 

It is another object of the present invention to provide a 
cellular system that can assess charges for calls based on the 
geographic location of the call. 

SUMMARY OF THE INVENTION 

These, and other, objects are achieved by a cellular system 
that makes switching and call management decisions based 
on the location of a mobile unit rather than on the strength 
of the signal associated with that mobile unit. The exact 
location of each mobile unit is determined using a Global 
Positioning System (GPS), LORAN, or other position deter­
mining system. The NAVSTAR global positioning system, 

30 
(reduction of inter-system interference) and more precisely 
define the inter-system service boundaries and handoff 
parameters. This system also permits precise definition of 
service boundaries for individual cell sites thereby allowing 
for greater system control and the reduction of intra-system 

35 
interference. Still further, accurate and detailed cell site 
usage and traffic pattern data can be developed in the present 
system, thereby enabling accurate and precise control of 
system growth. The present cellular system can also be 
real-time tailored based on current cellular use. 

or GPS, is a system employing ultimately eighteen satellites 40 

in twelve hour orbits of 55° inclination. The system is being 
implemented by the Department of Defense for military use. 
However, it has a "clear access" (C/A) channel that is 
available for general civil use. ·The GPS is a passive navi­
gation system on the part of the user, in that only reception 45 
of satellite-transmitted signals is required by the user to 
compute position. The GPS provides a capability for con­
tinuous position determination, and a position can be com­
puted on the order of every second of time, and thus provides 
a capability of determining the position of a highly mobile so 
vehicle. A full discussion of the GPS is presented in 
textbooks, such as "Handbook of Modern Electronics and 
Electrical Engineering," edited by Charles Belove and pub­
lished in 1986 by Wiley-Intcrscicncc (sec chapter 54 thereof, 
the disclosure of which is incorporated herein by reference), 55 
and includes a satellite positioned in a geostationary orbit 
and communicating with ground-based receivers. Based on 
the signals received from the satellite, the exact position in 
longitude and latitude, of the ground-based receiver can be 
determined with an extremely high degree of accuracy and 60 
precision. 

The exact longitude and latitude of the mobile unit is then 
communicated to the MTSO, and the cell site that services 
that particular position is signalled by the MTSO to carry the 
call associated with the mobile unit. The position of the 65 

mobile unit is constantly updated, and call management 
decisions, such as handotfs, can be made based on the 

BRIEF DESCRIPTION OF THE DRAWING 
FIGURES 

FIG. 1 illustrates a geographic area divided into a multi­
plicity of cells. 

FIG. 2 illustrates a typical prior art mobile cellular tele­
phone and its link with a fixed cell site and an MTSO. 

FIG. 3 illustrates the mobile unit of the cellular telephone 
system shown in FIG. 2. 

FIG. 4 illustrates a typical prior art cellular system in 
which a mobile unit can be connected with a fixed-position 
unit. 

FIG. 4A is a block diagram showing systems included in 
the MTSO shown in FIG. 4. 

FIG. 5 is a How diagram of a call originated by the PTSN 
(public service telephone network) and a mobile unit using 
a prior art cellular system. 

FIG. 6 is a block diagram of a mobile unit of a cellular 
telephone system which incorporates a GPS location deter­
mining system embodying the present invention. 

FIG. 7 illustrates a cellular system incorporating a GPS 
position locating system for a mobile unit communicating 
with other units, such as the fixed-position unit shown. 

FIG. 7A is a block diagram showing systems included in 
the MTSO shown in FIG. 7. 

FIG. 8 is a block diagram illustrating the cellular system 
embodying the present invention. 
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FIG. 9 illustrates a look-up table that is incorporated into 
the MTSO of the present invention to make call manage­
ment decisions based on the location of a mobile unit. 

FIG. 10 is a block diagram illustrating a landline-to­
mobile unit call in which position data are exchanged 
between the mobile unit and the MTSO. 

FIGS. llA and llB comprise a flow chart illustrating a 
call sequence between a mobile unit and another unit in 
which switching decisions are made based on the position of 
the mobile unit rather than the strength of the signal asso- 10 

ciated with the mobile unit. 

6 
The handoff process is similar to the present handoff 

processes, except it will be controlled according to position 
of the mobile unit insteild of signal strength. This position 
information is used to determine call rating and taxing for 
billing purposes and call routing to make sure that the proper 
services for that location arc provided. 

A "locate request" signal is not used, since the exact 
location of the mobile unit is known to the MTSO. However, 
as indicated in FIG. 8, a signal strength method can also be 
used in making call management decisions if suitable. Such 
a process would be used if the mobile unit moves into a prior 
art cellular system. DETAILED DESCRIPTION OF THE 

PREFERRED EMBODIMENT OF lliE 
INVENTION 

Shown in FIGS. 6, 7 and 7A is a cellular system 20 
embodying the present invention. The cellular system 20 
uses positional data associated with the mobile unit M' to 
make call management decisions. To this end, the cellular 
system 20, while similar in all other respects to the cellular 
system illustrated in FIGS. 2 and 3, includes means for 
accurately and precisely determining the exact position of 
the mobile unit M', and then further includes means for using 
this positional information to determine which cell site is 
best suited to handle a call associated with that mobile unit 
M'. 

A call using the cellular system of the present invention is 
l5 illustrated in FIG. 11. "Initial communication between a 

mobile unit and the MTSO is established using the overhead 
communication network described above. The mobile unit 
scans marker channels and initially locks onto the cell site 
that has the strongest signal. This cell site may not be the 

20 most appropriate cell site for usc by that mobile unit, but it 
serves as an entre into the system. Once this initial commu­
nication is established, the mobile unit uses the GPS receiver 
24 and GPS satellite 22 and to determine its exact geo­
graphic coordinates, such as longitude and latitude. This 

The means for accurately determining the precise position 

25 information is then relayed to the MTSO using the origi­
nating cell site. The M:J'SO uses this information in coo­
junction with a look-up table such as shown in FIG. 9 to 
establish communication between the mobile unit and the of the mobile unit includes a Global Positioning System. The 

GPS includes satellites, such as satellite 22 in geostationary 
orbit about the earth. Each mobile unit further includes a 30 

GPS receiver 24 located between the duplexer and the logic 
circuitry 25 of the mobile unit. The GPS receiver commu­
nicates with the satellite 22 and the exact longitude and 
latitude of the mobile unit are determined. This information 
is sent to the MTSO via a cell site, and the MTSO uses a 35 

look-up table such as disclosed in FIG. 9, containing the 
geographic location of each cell site in the cellular system, 
to determine which cell site is most appropriate for use by 
the mobile unit. The mobile unit communicates with cell 
sites using unused bits of the aforediscussed overhead 40 

messages to send its positional information to the MTSO 
when the mobile unit is first activated. This positional 
information is relayed to the MTSO by the first cell site to 
communicate with the mobile unit. The MTSO then selects 
the cell site most appropriate for the mobile unit and hands 45 
that mobile unit off to that cell site. The cell sites transmit 
system service boundaries in their overhead messages that 
are interpreted by mobile units. The mobile units use the 
location information supplied by the GPS receiver as 
opposed to signal strength to determine which system to so 
originate on. Call termination can utilize the paging process 
as is currently utilized. A response from a mobile unit 
includes the location information, and the designated control 
channel instructs the mobile unit to tune to one of its 
channels. A call in progress utilizes the overhead message of ss 
the voice channel to communicate location information. 
Once a mobile unit that is call processing on a particular site 
crosses a cell boundary, it is instructed to perform a handoff 
to the cell that is to service the new location. It is understood 
that the GPS is used as an example of the preferred source 60 

of positional data; however, other sources similar to the GPS 
can be used without departing from the scope of the present 
invention. All that is required is that the source of positional 
data be able to generate precise and accurate locational data 
on a fixed or a rapidly moving object. It is also helpful, but 65 

not absolutely required, that the CMR be only passively 
involved in the determination of the positional data. 

cell site most appropriate to that mobile unit. The mobile 
unit is then handed off to that cell site. A call initiated by that 
mobile unit is routed through the appropriate cell site. 

As indicated in FIG. 11, business information associated 
with the call, can be recorded at the MTSO. As indicated in 
FIG. 10, the dotted lines represent data transmission that 
contains GPS information. It is also noted that since both a 
position controlled system and a signal strength system are 
included in the cellular system ofthe present invention, the 
MTSO can include a software system in the memory 30 
shown in FIG. 8 to use the position controlled system, but to 
also test signal strength, and to use a signal strength con-
trolled system if a signal still falls below a predetermined 
value when making call management decisions based on the 
position of the mobile unit. In this manner, the best of both 
systems can be obtained. 

The system of the present invention can also be used to 
allow a mobile to place calls only on its home system at the 
decision of the mobile. The mobile locating features of the 
system could also be important in other contexts, such as 
emergencies or the like. 

It is understood that while certain forms of the present 
invention have been illustrated and described herein, it is not 
to be limited to the specific forms or arrangements of parts 
described and shown. 

We claim: 
1. A method of making emergency call decisions in a 

cellular telephone system having a plurality of cell sites at 
various geographic locations comprising: 

A) providing a mobile unit which can be located at 
various and changeable geographic locations; 

B) using the mobile unit to place a call requesting 
emergency service via a cellular telephone system; 

C) determining the exact geographic location of the 
mobile unit placing the call requesting emergency 
service; 
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D) storing geographic data associated with the cellular 
telephone system and which are required to complete 
the call requesting emergency service; 

8 
3. The method defined in claim 1 wherein the step of 

storing geographic data associated with the cellular tele­
phone system includes placing those geographic data on a 
look-up table. 

E) comparing the exact geographic location of the mobile 5 
unit placing the call requesting emergency service to 
the stored geographic data; and 

4. The method defined in claim 3 wherein the step of 
comparing the exact geographic location of the mobile unit 
placing the call requesting emergency service to the stored 
geographic data includes using the look-up table for said 
comparing step. F) automatically routing the mobile unit call requesting 

emergency service to an emergency service based on 
the comparison regardless of cell site location. 

2. The method defined in claim 1 wherein the step of 
determining the exact geographic location of the mobile unit 
includes using over-the-air communications. 

5. The method defined in claim 1 further including a step 
10 of communicating the exact geographic location of the 

mobile unit placing the call requesting emergency service to 
the emergency service. 

• * • • * 
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1 

CELLULAR TELEPHONE SYSTEM THAT 
USES POSITION OF A MOBILE UNIT TO 

MAKE CALL MANAGEMENT DECISIONS 

.2 
be a term of convenience, and is not intended to be limiting. 
The present disclosure is intended to encompass any com­
munication system in which an overall area can be divided 
into one or more subareas, and also to any communication 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to the general art of wireless 
over-the-air communication, which includes cellular mobile 
radiotelephone (CMR) technology, and to the particular field 

5 system having at least some portion of the communications 
occurring over the air. 

of managing communication processes in a wireless over-
10 

the-air communication system. The present application is a 
continuation-in-part of pending U.S. Application Ser. No. 
08/555,884, filed Oct. 23, 1995 which is a continuation-in­
part of U.S. application Ser. No .. 08/402,976, filed Mar. 13, 
1995, which was a CIP of U.S. application Ser. No. 08/813, 

15 
494, filed Mar. 7, 1997 now U.S. Pat. No. 6,006,106, issued 
on Dec. 21, 1999, now U.S. Pat. No. 5,235,494 which is a 
continuation of U.S. application Ser. No. 08/057,833, filed 
May 7, 1993 which is a continuation of U.S. application Ser. 
No. 07/813,494, filed Dec. 26, 1991 and issued as U.S. Pat. 

20 
No. 5,235,633. The disclosures of each of these applications 
is fully incorporated herein by reference. Therefore, as used 
hereinafter, the term "prior art" refers to art that is relevant 
prior to the invention dates associated with this incorporated 

A typical CMR set up is indicated in FIGS. 1 and 2, and 
will be described so an understanding of the problem to 
which this invention is directed can be obtained. 

Shown is a typical cellular telephone unit having a unique 
mobile identification number stored in a suitable location 
such as an electrically erasable programmable read-only 
memory (not shown). Telephone units of this kind are 
known to those skilled in this art, and thus will not be 
described in detail. 

The telephone unit includes a handset 4 having a keypad 
S as well as a speaker 6 and a microphone 7. A transceiver 
8, ordinarily built into the telephone unit, exchanges signals 
via an antenna 10 with a mobile telecommunications switch­
ing office or MTSO 12 via a cell site 14. A duplexer lS 
connects the antenna to the transceiver. The cell site 14 
includes an antenna 16 connected to a control terminal17 
via a transceiver 18. The cell site 14 is connected to the 
MTSO via a transmission link 20. The Mobile Telephone 

material. 

BACKGROUND OF THE lNVEN·noN 

25 Switching Office has historically been known as the center 
of the wireless over-the-air communications system. It is 
where the communication process management decisions 

The present invention is concerned with wireless over- are made, billing records are produced and where maiote-
the-air communication using a plurality of transmit/receive nance activities are initiated for wireless over-the-air com-
cell sites or relay points. It should be understood that the JO munications systems. The MTSO is not a specific piece of 
transmit/receive relay points can be either land based or equipment, but is comprised of many individual pieces. The 
non-land based, such as satellite based, and that as used MTSO will contain a telephone switch, peripheral 
herein, the term "cell site" or its equivalent refers to one of processors, adjunct processors, and various other informa-
the relay points of the system. CMR (Cellular Mobile Radio) tion gathering equipment used in the operation and mao-
is an example of one type of wireless over-the-air commu- 35 agement of a wireless over-the-air communications system. 
nication system that can be included in the present disclo- Each of the different pieces of equipment may directly or 
sure. It is understood that the term CMR is not intended to indirectly be involved providing the highest quality connec-
be limiting, but is merely used as an example for the lion possible. The makeup of the MTSO therefore comprises 
purposes of discussion. It is also to be understood that the many different pieces of equipment and many components, 
term .. cellular telephone system" or its equivalents is 40 which can be supplied by different vendors. Therefore, 
intended to be shorthand notation for the term "wireless communication process management decisions made at the 
over-the-air communications system" and no limitation is MTSO can actually be made outside of a switch and can be 
intended by the use of the term "cellular." Also, as used made in a cluster of nodes housed along the network or even 
herein, the terms "CD (Communication Device)" and "MU in separate cell sites. Therefore, as used herein the term 
(Mobile Unit)" are intended to include any device used to 45 MTSO really refers to all of the systems, nodes, modules, 
communicate in the wireless over-the-air communication equipment and components that combine to define a wireless 
system. Also, the term "cellular telephone system" is used over-the-air communication process management network, 
for purposes of discussion but· can include any form of regardless of the physical or system location of these ele-
wireless over-the-air communication system. It is also noted ments. The term MTSO therefore is not intended to be 
that many forms of communication arc and will be con- so limiting to the "switching off ice" as it may have been 
ducted over the wireless over-the-air networks. Therefore, viewed in the prior art. The term is intended to be much 
the present disclosure will refer to a "communication pro- broader than that and to include any combinations of 
cess" which is intended to cover calls as well as other forms equipment, etc that may be connected within the commu-
of communication that can be conducted in this manner. nicatioo processing network of the service provider. The 

CMR is a rapidly growing telecommunications system. 55 term MTSO is one of convenience and is intended to include 
The typical CMR system includes a multiplicity of cells. A all the information processing hardware and software asso-
particular geographic area can be subdivided into a multi- ciated with the wireless over-the-air communication process 
plicity of subareas, with each of the subareas being serviced management process within a wireless over-the-air system, 
by a stationary transmitter/receiver setup. The cells are set oo matter where the hardware or software is located in the 
up to carry signals to and from mobile units in the range of 60 system. It is also noted that the term "iotrasystem" refers to 
the cell. If one cell site becomes too crowded, it can be actions and components within a particular system; whereas, 
divided into smaller cells, by a process known as cell site the term "intersystem" refers to actions and components 
splitting. Any particular geographic area can become quite located outside a particular system. 
complicated with cells overlapping each other, and overlap- Referring to FIGS. 1 and 2, the operation of the CMR can 
ping cells of other neighboring cellular systems. Further, 65 be understood. The mobile unit M moves about the geo-
null zones with inadequate coverage, or even no coverage, graphic areas covered by the various cells. As that mobile 
can result. It is noted that the term "cellular" is intended to unit moves about, it decodes the overhead message control 
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signals generated by various cell site control channels. The 
mobile unit locks onto the cell site that is emitting the 
strongest signal. The mobile unit rescans channels per~o.di­
cally to update its status. If, for example, a fixed-position 
land-based telephone T is used to call the mobile unit, a 
signal is sent via landlines L, to the central office CO of a 
public/switched telephone system (PTSN) 12A. This system 
then utilizes the switching network SN associated therewith 
to call the MTSO 12 via a transmission link Ll. The MTSO 
then utilizes its own switching network and generates a page 
request signal to cell sites via transmission links, such as the 
transmission link 20. The cell site which bas been notified of 
the presence of the mobile unit M sends a signal back to the 
MTSO via the landlines or wireless links alerting the MTSO 
of the presence of the mobile unit. The MTSO then orders 
the mobile unit, via the notifying cell site, to tune to an 
assigned channel and receive the communication process. 

On the other band, during communication process 
origination, the mobile unit rescans the control channels to 
determine which is the best server based on signal strength. 
Upon selecting the best server, the mobile unit transmits cell 
site information on the control channel receive frequency 
and then receives a voice channel to tune to if the mobile unit 
is authorized to place a communication process. 

As the mobile unit moves, the signal strength between that 
mobile unit and the originating cell site changes, and per­
haps diminishes. Since signal strength is an inverse function 
of the square of the distance between the mobile unit and the 
cell site, signal strength can change rapidly and drastically 
as the mobile unit moves with respect to the cell site and 
therefore must be monitored closely. The MTSO bas a signal 
strength table, and signal strength from the mobile unit is 
constantly compared to acceptable signal strength levels in 
the table. Such a table can be located in each cell site if 

4 
ing systems. Today. as rural systems fill in the patchwork of 
nationwide coverage, network service provision boundary 
disputes are becoming common. Prior to the Dennison, et al 
patent, U.S. Pat. No. 5,235,633 and the patents and appli­
cations depending therefrom as continuations and 
continuations-in-part, the disclosures of which are fully 
incorporated hereinto by reference, and the invention dis­
closed herein, it was impossible to honor the exact geo­
graphic boundaries. Attempts are currently made to control 

10 coverage boundaries by installing directional antennas and 
adjusting cell site receive and transmit parameters. The 
methods used to match the system boundaries to the geo­
graphic boundaries are not entirely successful due to the 
variations in terrain, environment and limitations of antenna 

15 design and wireless propagation. A common result of these 
problems is inadequate wireless signal strength or null 
coverage and border disputes around the geographic bound­
aries and hence poor service. 

The incorporated material, including the Dennison et al 
20 patent disclose that cell sites sometimes have overlapping 

coverage due to the aforementioned variations in terrain and 
environment, and propose a solution. While the proposed 
solution works well, there is still room for further improve­
ment in the areas of cost, subscriber service, billing and 

25 taxing. 
Furthermore, wireless propagation, such as but not limited 

to the cellular operating band of 800-900 MHz, is generally 
line-of-site transmission. This presents substantial chal­
lenges when choosing sites in which to place wireless 

30 transmit/receive antennas. Boundaries assigned to service 
providers are based on maps depicting the geographic bor­
ders of service boundaries. The question arises in a disputed 
territory of who will get to service the Communications 

desired. 35 

Process (CP). In the past, it bas been the cell site that can 
provide the highest signal strength from the CD 
(Communications Device), not the provider that owns the 

Should signal strength diminish below a preset range, the 
MTSO generates a "locate request" signal to all cell sites 
that neighbor the original cell site. Each of such neighboring 
cell sites receiving a signal from the mobile unit signals the 
MTSO, and the signal strengths from such neighboring cell 
sites are checked against the signal strength table. The 
MTSO makes a decision as to which cell site should control 
the communication process, and notifies the original cell site 
to order the mobile unit to retune to a voice channel of the 
new cell site. 

As soon as the mobile unit retunes, the mobile unit 
completes the communication process via the new cell site 
channel. This transfer of control is known as a bandoff. 

Typically, governments grant rights to provide wireless 
communication services to a specified land area based on 
geographic boundaries. Since wireless propagation does not 
end at exact geographic boundaries, many conflicts have 
arisen between service providers as to which service pro­
vider should provide service at the location from where the 
Communication Process (CP) is being originated or 
received. Today. there are no methods or procedures to 
resolve these issues. A Communication Process (CP) can be 
defined as the exchange of information between communi­
cation devices, such as, but not limited to, Analog or Digital 
radiotelephones, digital data communications, analog or 
digital video, and the like. 

When the initial wireless systems were built, they were 
constructed around major metropolitan areas. This created 
service voids between major metropolitan markets. ln these 
early systems, boundary service problems did not arise 
because there were areas of "no service" buffering com pet-

legal territorial rights to the Communication Process (CP) 
that has serviced the Communication Process (CP). Until the 
invention disclosed herein, the service provider that could 

40 receive the best signal would handle the communication 
process (CP), and depending on whether the Communica­
tion Process (CP) was handed off and/or depending on the 
agreement made between the wireless communication 
systems, possibly keep all of the revenue from the commu-

45 nicatioo process CP. Additionally, with real estate values 
being very high in established communities, cell sites are 
harder to construct and more expensive to build. Each cell 
site must be optimized for·the maximum effective coverage 
area to overcome the real estate problems encountered when 

so constructing a cell site. This in tum creates problems with 
overlapping coverage between wireless systems and thus 
disputes over which wireless system handles the communi­
cation process. Further, due to business considerations, it 
may be economically advantageous for one wireless system 

ss to own a cell site which is geographically located in the 
geographic area of another wireless system. 

Cell sites are very expensive to install and maintain, so 
there is a very real savings for a service provider if fewer cell 
sites could be constructed. while also improving coverage. 

60 Another area that would be affected by this is problems of 
quality service. This is because the service provider has 
conflicting requirements. To provide good coverage next to 
borders the provider would like to have high signal strength. 
To allow for hand-oft's between cell sites and networks the 

65 signal strength needs to "fade out" at just the right level near 
the border to invoke a low threshold to start a band-off 
process. It would be ideal to have high signal strength right 
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up to a geographic boundary and then drop off beyond that 
boundary. However, at the present time, presently available 
systems do not permit this type of coverage. 

Some areas inherently have wireless propagation 
problems, such as service areas next to bodies of water or in s 
steep valleys. Wireless propagat~on can provide some very 
undesirable results for a number of reasons, some of which 
have been mentioned above and in the incorporated mate­
rial. Therefore, there is a need to provide each network 
information as to which system has a right to handle a 10 
Communications Process (CP). For instance, a communica­
tions device (CD) might attempt to select a geographically 
incorrect service provider. Therefore, there is a need for a 
system that will permit a service provider to redirect the 
communication process to the geographically correct service 15 
provider, especially in a manner that is transparent to the 
Communications Device (CD) user. 

Since cellular system geographic borders can be non­
linear and can have irregular shapes, problems can arise. 
Problems associated with irregular boundaries are indicated 20 
in FIG. 3. FIG. 3 graphically shows the problem of obtaining 
coverage for areas that have irregular boundaries. In this 
figure, areas A and C are serviced by Carrier X, and arc;a B 
is serviced by Carrier Y. It is noted that areas A and C arc 
intrasystem with respect to Carrier X and area B is intra- 25 
system with respect to Carrier Y, while areas A and C are 
intersystem with respect to Carrier Y and area B is inter­
system with respect to Carrier X. It is also noted that areas 
A and B could be covered by ju~t one cell site c;ach but the 
overlap into adjacent territories would be difficult to resolve. 30 
Today, areas such as these would be split into two or more 
cell sites. For instance, Carrier X might elect to install three 
cell sites Al, A3 and A4 which providc;s a minimum of 
overlap into area B. Overlap is indicated at the shaded areas. 
Therefore, there is a need for a system what would allow 35 
Carrier X to install a cell site with a larger coverage area 
such as A2 (shown in dotted lines). 

FIG. 4 shows a prior art attempt of providing sectored 
cells. Using prior art technology requires installation of 
directional antennas to minimize the overlap into neighbor- 40 

ing territory in order to resolve a border issue. Since these 
antenna patterns cannot be made to follow curved geo­
graphic borders, sectors are installed and directed for the 
best geographic coverage possible. This often involves 
obtaining a cell site location close to the border and "shoot- 45 
ing back" toward the wireless communication system's own 
territory. This can leave null zones where cells back onto 
each other in an effort to keep signals from overlapping into 
neighboring territory. These null zones will have either poor 
quality service or even no service at all, thereby resulting in so 
poor service. Therefore, there is a need to overcome this 
problem as well. 

FIGS. SA and SB illustrate a problem of bow geographic 
terrain can affect prior art systems. In FIGS. SA and SB, a 
small rural network A is located just across the river from a ss 
large city C, which is part of a neighboring network B. The 
river defines the geographic and legal border between these 
two systems. The city C is in another state just across the 
river. In some river towns, there is a bluff on each side of the 
river. The network A can place their cell sites very near the; 60 
border atop the bluff providing overlapping coverage into 
the city C. Network A will get all the service of the 
neighboring community D furt~er away from the city C. 
Network A now has better line of cell site reception into the 
river valley with its corresponding traffic at river level than 65 
does network B who legally "owns'' the territory. Network 
B would have to install additional cell sites in the river 

6 
valley to obtain the same coverage. Due to the stronger 
signal level provided by Network A, Network A will process 
a communications process (CP). The result is that subscrib­
er's Communication Process (CP) may not be processed by 
the correct service provider. 

Note in FIG. SA that there are two service providers X and 
Y. The intersystem boundary is shown as a dashed line down 
the middle of the river. With a bluff on either side of the 
river, the cells can only service the opposite bluff. This is 
shown where Yl cell site cannot "see" the subscnber CD' 
hidden below. cell site Yl can however find CD3 in service 
provider X's territory. This issue denies revenue to the 
wireless communication system that has legal right to serve 
the subscnbers within its licensed geographic service bound­
aries. Prior art systems are incapable of determining the 
geographic location of both the communications devices and 
their service boundaries and thus compromise quality of 
coverage. Therefore, there is a need to resolve this issue. 

There is also need for providing a wireless over-the-air 
communication system with the ability to adjust its coverage 
and billing as the mobile unit moves. This will pennit the 
system to determine taxes based on where the communica­
tion process is actually being made as opposed to the criteria 
used with the prior art. Still further, there is a need to permit 
a wireless over-the-air communication system to change 
frequencies as the mobile unit moves whereby a single 
wireless service provider can provide service to its subscrib­
ers regardless of frequency. 

Still further, due to various business reasons, a single cell 
site may advantageously be used by more than one system. 
It will be necessary to determine which wireless communi­
cation system bills the communication process. Prior art 
systems cannot fully account for this. 

Still further, if there is a service problem with a mobile 
unit, prior art systems are not able to accurately identify the 
exact geographic location of the; unit when the problem 
arose. This makes it difficult for the network to pinpoint 
coverage problems. Therefore, there is a need for a wireless 
over-the-air communication system that permits a wireless 
communication system to exactly and precisely identify the 
exact geographic location of a mobile unit when a commu­
nication problem occurs. 

Still further, with the advent of emergency response 
networks that use telephones, such as the E-911 systems, 
there is a need for a wireless over-the-air communication 
system that can precisely locate a mobile unit and pass that 
information on to an emergency response system. 

The location of an over-the-air system mobile unit making 
a communication process can also be of use to law enforce­
ment agencies. However, signal strength from one cell site 
does not provide such location information with sufficient 
accuracy to be of the best assistance to law enforcement 
agencies. Therefore, there is a need for an over-the-air 
communications network that can provide geographic loca­
tion of a mobile unit during a communication process with 
accuracy sufficient to satisfy law enforcement agencies. This 
information should be rapidly updatable so a mobile unit can 
be tracked. 

Since the CMR industry is growing rapidly, competition 
is growing. Therefore, it is in the best interest of a system to 
be able to provide the best service possible to its subscribers. 
One way of achieving this objective is to customize the 
service to the exact needs of each subscriber. This can be 
achieved by, among other things, customizing and varying a 
billing rate plan for each subscriber. That is, the subscnber 
may be able to pay a lower rate when he is at work than he 
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pays when he or she is at home. Therefore, there is need for 
a wireless over-the-air communication system that can vary 
rate plans and vary rates in a manner that will permit offering 
the best rate plan to each subscriber based on that particular 
subscriber's use and needs. Still further, some communica­
tion processes must be handled in a special manner to 
account for environmental conditions, or system needs, such 

8 
update any communication process management parameter 
to account for instantaneous geographic location of a mobile 
unit. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that can assign 
and re-assign a communication process according to the 
location of the mobile unit during the communication pro­
cess. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that can share 
geographic boundaries with other wireless over-the-air ser­
vice providers without border issues. 

It is another object of the present invention to provide a 
wirele.c;s over-the-air communications system that can 
change and update its operating frequencies during a com­
munication process. 

as down time for a specific cell. Therefore, even if a 
communication process should be handled by a certain cell 
site, there may be times when that communication ~recess 10 

must be handled by another cell site. Therefore, there 1s need 
for a wireless over-the-air communication system that can 
account for special circumstances associated with a com­
munication process, and alter the system response when the 
mobile unit meets the criteria for those circumstances, even 15 

if tho communication process is already in progress when 
the criteria are met. 

It is another object of the present invention to provide a 
wireless over-the-air communications system which can 

20 have the highest possible signal strength at its borders. 

OBJECfS OF THE INVENTION 

It is a main object of the present invention to provide a 
wireless over-the-air communications system that will per­
mit a wireless communication system to determine the most 
efficient and accurate service to a mobile unit. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that will per- 25 
mit a wireles..c; communication system to accurately bill a 
subscriber. 

It is another object of the present invention to provide a 
wireless over-the-air communications system which can 
identify the location of a mobile unit when a service problem 
arises. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that can effi­
ciently work with emergency service providers. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that will per­
mit a wireless communication system to accurately deter­
mine taxes for a subscriber for that subscriber's use of the 
system. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that can effi· 

30 ciently implement and utilize special rate plans. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that will be 
able to handle all communication processes legally permit­
ted it. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that can effi­
ciently implement and utilize special requirements for a 

35 communication process. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that will be 
able to handle all communication processes legally permit­
ted it and to forward communication processes that right- 40 

fully belong to another wireless communication system 
while retaining billing and taxing of any portion of the 
communication process that belongs to it. 

It is another object of the present invention to provide a 
45 

wireless over-the-air communications system that will be 
able to handle all communication processes legally permit­
ted it based on geographic constraints. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that can bill a 50 
subscriber based on the geographic location of communica­
tion process origination, and then can update and alter that 
billing as the mobile unit moves. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that can 55 
co-operate with other wireless networks in handling a com­
munication process. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that can share 
cell sites with other networks while retaining its ability to 60 
bill and service its own subscribers. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that can estab­
lish parameters for updating mobile unit information based 
on the particular needs of the mobile unit. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that can estab­
lish time and/or distance parameters for updating mobile 
unit information based on the particular needs of the mobile 
unit. 

SUMMARY OF 1HE INVENTION 

These, and other, objects are achieved by a CMR system 
that allows the Exact Geographic Location (EGL) of a 
communications device to be tracked and compared to 
geographic land data and information data and to continu­
ously update this information during the communication 
process whereby the proper and most efficient service is 
provided, including proper communication process manage­
ment and billing decisions. Within the scope of this inven­
tion is the ability to solve the above-mentioned problems 
and achieve the above-mentioned objects. By !mowing the 
exact geographic location of a mobile unit during a com­
munication process, competing service providers can locate 
their cell sites anywhere where the wireless reception will 
allow them to provide the best wireless coverage of their 
territory. The cell sites can even have overlapping coverage, 
or be inside an adjacent wireless communication system's 
coverage area. By knowing the location of the calling device 
at all times during the communication process, the wireless 

It is another object of the present invention to provide a 
wireless over-the-air communications system that can pro­
vide the most efficient and effective service to its subscribers 
and users. 

It is another object of the present invention to provide a 
wireless over-the-air <.."'mmunications system that can 

65 over-the-air communicatiqn system can configure the sys­
tem to work together with other systems and wireless 
communication systems to process a communication pro-



Case 2:09-cv-00091-DF-CE Document 1-3 Filed 04/01/2009 Page 28 of34 

US 6,324,404 Bl 
9 . 

cess correclly. Service can be provided by the proper 
licensed wireless communication system because the exact 
location of the mobile unit is known at aJI times during the 
communication process. Propagation patterns and the like 
are not needed. 

By way of background, the operation of a cellular system 
5 

10 
a signal strength method can also be used in making com­
munication process management decisions if suitable. Such 
a process would be used if the mobile unit moves into a prior 
art cellular system. 

The hereinafter disclosed system has many advantages 
over the prior art systems. Multiple layers of information can 
be generated and used. The system using the invention 
disclosed herein and in the incorporated material may use 
many levels of mapping such as cell site selection, taxing, 

10 billing, special rate plans, and the mapping of E-911 calls to 
an appropriate service provider. 

20 is shown in FIGS. 6, 7 and 7A. 'The cellular system 20 
uses positional data associated with the mobile unit M' to 
make communication process management decisions. To 
this end, the cellular system 20, while similar in all other 
respects to the cellular system illustrated in FIGS. 2 and 3, 
includes means for accurately and precisely determining the 
exact position of the mobile unit M', and then further 
includes means for using this positional information to 
determine which cell site is best suited to handle a commu- 15 
nication process associated with that mobile unit M'. 

The means for accurately determining the precise position 
of the mobile unit includes a Global Positioning System. The 
GPS includes satellites, such as satellite 22 in geostationary 
orbit about the earth. Each mobile unit further includes a 20 
GPS receiver 24 located between the duplexer and the logic 
circuitry 25 of the mobile unit. 'fhe GPS receiver commu­
nicates with the satellite 22 and the exact longitude and 
latitude of the mobile unit are determined. This information 
is sent to the MTSO via a cell site, and the MTSO uses a 25 
look-up table such as disclosed in FIG. 9, to determine 
which cell site is most appropriate for use by the mobile unit. 
The mobile unit communicates with cell sites using unused 
bits of the aforediscussed overhead messages to send its 
positional information to the MTSO when the mobile unit is 30 
first activated. This positional information is relayed to the 
MTSO by the first cell site to communicate with the mobile 
unit. The MTSO then selects the cell site most appropriate 
for the mobile unit and hands that mobile unit off to that cell 
site. The cell sites transmit system service boundaries in 35 
their overhead messages that are interpreted by mobile units. 
The mobile units use the location information supplied by 
the GPS receiver as opposed to signal strength to determine 
which system to originate on. Communication process ter­
mination can utilize the paging process as is currently 40 
utilized. A response from a mobile unit includes the location 
information, and the designated control channel instructs the 
mobile unit to tunc to one of its channels. A communication 
process in progress utilizes the overhead message of the 
voice channel to communicate location information. Once a 45 
mobile unit that is processing on a particular cell site crosses 

BRIEF DESCRIPTION OF THE DRAWING 
FIGURES 

FIG. 1 illustrates a typical prior art mobile cellular tele­
phone and its link with a fixed cell site and an MTSO. 

FIG. 2 illustrates a typical prior art cellular system in 
which a mobile unit can be connected with a fixed-position 
unit. 

FIG. 3 illustrates an overlapping boundary problem with 
prior art systems as well as a fading signal at the borders. 

FIG. 4 illustrates a null zone problem associated with 
prior art systems. 

FIGS. SA and 5B illu.~trate boundary issue problems 
between two prior art systems separated by a natural 
boundary, such as a river. 

FIG. 6 is a block diagram of a mobile unit of a wireless 
over-the-air communications system which incorporates a 
GPS location determining system embodying the present 
invention. 

FIG. 7 illustrates a wireless over-the-air communications 
system incorporating a GPS position locating system for a 
mobile unit communicating with other units, such as the 
fixed-position unit shown. 

FIG. 7A is a block diagram showing systems included in 
an MTSO. 

FIG. 8 is a block diagram illustrating a flow chart for the 
wireless over-the-air communications system embodying 
the present invention. 

FIG. 9 is a block diagram showing a registration process 
used in the present invention. 

FIG. 9A is a block diagram showing a communication 
process rating procedure used in the present invention. 

FIG. 9B is a block diagram of a communication process 
routing process used in the present invention. 

FIG.10 is a diagram showing a billing process used in the 
present invention. 

FIG. 11 illustrates the elimination of a null zone problem 
with a system embodying the present invention. 

fiG. 12 illustrates variable billing and/or taxing for a 
mobile unit using the system of the present invention. 

FIG. 13 illustrates how cell sites can be shared using the 
system of the present invention. 

a cell site boundary, it is instructed to perform a handoff to 
the cell site that is to service the new location. It is 
understood that the GPS is used as an example of the 
preferred source of positional data; however, other sources 50 
similar to the GPS can be used without departing from the 
scope of the present invention. All that is required is that the 
source of positional data be able to generate precise and 
accurate locational data on a fixed or a rapidly moving 
object. It is also helpful, but not absolutely required, that in ss 
some circumstances, such as triangulation, the CMR be only 
passively involved in the determination of the positional 
data. 

FIG. 14 illustrates how a cell site for one wireless 
over-the-air communication system can be located in the 
geographic boundary of another wireless communication 

60 system when the present invention is used to manage 
communication processes made by a mobile unit. 

The handoff process is similar to the present bandoff 
processes, except it will be controlled according to position 
of the mobile unit instead of signal strength. This position 
information is used to determine communication process 
rating and taxing for billing purposes and communication 
process routing to make sure that the proper services for that 
location are provided. 

A "locate request" signal is not used, since the exact 
location of the mobile unit is known to the MTSO. However, 

FIG. 15 illustrates the solution to overlapping boundary 
problems achieved by the present invention. 

FIG. 16 illustrates how frequency of a communication 
65 process can be changed using the system of the present 

invention during a communication process and without the 
unit being aware that the frequency is being changed. 
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FIG. 17 illustrates the application of the present invention 
to a geographic area which includes several countries. 

DETAILED DESCRIPTION OF TI-lE 
PREFERRED EMBODIMENT OF TI-lE 

INVENTION 

12 
Communications Device (CD), block 401 so that the service 
characteristics, block 402 can be identified. A determination 
is then made as to whether or not service ic; to be provided, 
block 403. If service is to be provided proper routing is 

5 selected, with the most appropriate communications path to 
connect point A to point B is selected for the specific 

A representation of the logical flow that may occur in a communication proce.c;s based on the exact geographic loca-
wireless communications system incorporating the use of tioo (EGL) of the Communications Device (CD), block 404. 
exact geographic location (EGL) for the communication This may include activities and decision to route commu-
process management decisions is shown in FIGS. 8-10. The 10 nication processes through land based networks, microwave, 
communication process management decisions are based on fiberoptic links and the like to allow for cost effective or 
information provided by the communication device (CD) expeditious connections to be established. If service is to be 
towards the fixed system and to the communications device denied, the wireless communication system can direct the 
from the fixed system. The description of a sample commu- communication process to the appropriate announcement, 
oications process (CP) begins upon the powering up of the 15 block 405 and if the Communication Process (CP) being 
communicating device and continues until that communica- initiated is determined not to be a 911 emergency call, block 
lions process is completed. 406. If a communication process is determined to be a 911 

When a communications device is powered up, block 101, emergency call, then the system identifies the proper routing 
the registration process, block 102 is initiated. The registra- of the emergency communication process, blocks 407, 408 
tion process is detailed in FIG. 9. 'lbe first step in the 20 and 409, and the communication process will be directed to 
registration process, block 102 is to determine the exact the proper emergency response system. The routing of this 
geographic location, block 201 of the communications emergency call should be accompanied by all of the infer-
device via either GPS, block 202, signal strength, block 203, mation that is pertinent and available, blocks 410 and 411. 
Loran, block 204, triangulation or other similar location If the exact geographic location (EGL) continues to change, 
means. The information is used by the initial (Home) serving 25 updates should be sent to the serving emergency response 
system and the exact geographic location {EGL) is com- system, block 412. If ano.ther emergency response system 
pared to the service boundaries, block 205 for that home needs to gain control of the call, the system will be able to 
system. A determination is made as to whether or not the establish a connection with the new emergency response 
Communications Device (CD) is located within the serving system, block 413. This event is then recorded upon 
system's boundaries via the means of communication data 30 completion, block 414. 
filed in the serving system, block 206. The communication With communications established (FIG. 8), block 108, the 
data may include computerized latitude and longitude tables exact geographic location (EGL) may be stored for Com-
which are then compared to geographic location tables of munication Process (CP) management, billing purposes, and 
service allocation. In the absence of comparative tables, other identification needs, block 114. The stored exact 
algorithms may be run to determine the mapping of exact 35 geographic location (EGL) is then recorded for establishing 
geographic location (EGL) to service boundaries. If the the origination point for billing purposes, block 109, emer-
Communications Device (CD) is located within the serving gency 911 call accounting, block 110, taxing purposes, block 
system's boundaries, the exact geographic location (EGL) is 111, rating the Communichtion Process (CP), block 112, or 
re-established, block 216 and recorded, block 217 for billing post communication process subscriber service, block 113. 
or other purposes. If the Communications Device (CD) is 40 The Communication Process (CP) rating process shown in 
determined to be located outside of the serving system's FIG. 9A identifies the subscriber characteristics, blocks 301 
boundaries, then the exact geographic location (EGL) is and 302. The recorded exact geographic location (EGL) is 
compared to the neighboring system boundaries, block 208 then compared to the Comm~nication Process (CP) rating 
and block 212 on an interactive basis until the system that is table, blocks 303 and 304 to select the correct rating, block 
authorized to serve the Communications Device (CD) at the 45 305 for that communication process (CP). This information 
current exact geographic location (EGL) is determined. In is then recorded for later processing which may include 
addition to the reference tables that assign the service application of taxes, Communication Process (CP) billing 
provider, the communication data, blocks 209, 213 also rates, or any other information which could be matched to 
identifies the means of transferring control of the Commu- the exact geographic location (EGL) of the communication 
nications Device (CD) from one system to another. Once the so process (CP). As the Communication Process (CP) 
correct system is identified, the Communications Device continues, the exact geographic location (EGL) is constantly 
(CD) is commanded to establish communications with the updated, block 115 or alternately updated at various 
proper cell site within the correct system 211, 215. An intervals, block 114a, which intervals can be changed based 
example of this would be commanding the Communications on the time and/or distance traveled by the mobile unit to 
Device (CD) to tune to the neighboring system's control 55 meet system needs for efficient communication process 
channel. A registration increment timer 103 is then sent to management, and these updated Communications Device 
the Communications Device (CD) informing it of the inter- (CD) locations are used for Communication Process (CP) 
va)s 104 at which re-registration is required. Thi.c; regic;tra- management, block 116, billing decisions, block 119, and 
lion process is continued through the period that the Com- other realtime processing uses, such as 911 emergency calls 
munications Device (CD) is not in a Communication 60 made while a non-emergency communication process was in 
Process (CP) active state. progress, block 120, taxing, block 121, Communication 

If a Communication Process (CP) were initiated then the Process (CP) rating, block 122, subscriber service, block 
registration process, block 106, FIG. 9, would take place to 123, and frequency selection, block 124. The intervals at 
update the exact geographic location (EGL). Once the exact which the updating occurs can be determined on a preset 
geographic location (EGL) is established the routing selec- 65 time, such as every minute, or can be determined according 
tion for the Communication Process (CP) is begun, block to distance traveled by the mobile unit, such as every twenty 
107. FIG. 9B shows that the first step is to identify the miles, or the interval can be set according to the nearest 
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border so that the mobile unit will be monitored whenever 
14 

systems. For example, home communication processes are 
taxed according to either the billing address of the subscnber 
or the zip code or business address of the service provider 
and roam communication processes, that is communication 
processes made using a cell site that is not in the mobile 
unit's home area, are taxed based on the billing address of 
the roam network or where the cell site is located that 
services the communication process. Any tax based on the 
cell site location has the possibility of being in error, 
especially if the cell site is located adjacent to a border. The 
prior art has failed to teach the distinction between fixed 
location of hardware and exact geographic location (EGL) 
of the Communications Device (CD) for billing. 

it reaches a location that would cross over the border if the 
mobile unit traveled toward that border. In this manner, the 
billing information, the tax information and the frequency of 
the communication process can be based on the location of 5 
the communication process origination, but can also be 
continuously updated and changed as the mobile unit moves 
during the communication process whereby the exact rates 
and frequencies at any instant during the communication 
process can be applied to the communication process. As 10 
was discussed above, this will even permit separate net­
works to share cell sites as even though a single cell site 
handles a communication process, the location ofthe mobile 
unit will determine which system receives credit for the 
communication process and will handle the billing and 15 
taxing of the communication process. Alternatively, this will 
permit separate cellular systems to locate their own cell sites 
within the geographic area of another cellular system, and 
may even permit several different systems to share a single 
cell site. 

The cell site can re-direct a communication process to 
another cell site under certain circumstances. For example, 
even though a particular cell site is chosen to handle a 
communication process, there may be special circumstances 
associated with a particular location that dictate all commu- 25 
nication processes from that location be handled by a certain 
ceiJ site. Special environmental co~ditions may be one such 
special circumstance, cell sites under repair may be another 
special circumstance or other business reasons may dictate 
such re-directing of communication processes. This redi- 30 
recting can also occur for cellular systems. That is, if a 
selected cell site is not owned by tbe cellular system having 
rights to the communication process made by the mobile 
unit at that particular location, the communication process 
could be redirected to another cellular system. In this 35 
manner, customization of cellular service can be maximized 
with billing, taxing, frequency and the like aJJ being selected 
according to the exact needs of the mobile unit during the 
communication process, and changed as the needs of the 
mobile unit change during the communication process. As 40 
discussed above, the preferred means for establishing the 
exact geographic location of the mobile unit includes a 
satellite communications system; however, other means can 
also be used. 

In the present system, the wireless communication system 
will obtain the instant location of the Communications 
Device (CD) at the registration process (FIG. 9). In a system 
where bills are processed externally, billing information 
combined with the location of on the Call Detail Records can 
then be compared to lookup tables or algorithms that will 
assess the proper tax or billing rate depending on the 

20 location (origination, termination, duration, instantaneous 
location, or the like) of the communication process. 

If needed, the billing location codes could be recorded at 
some given interval (perhaps, for example, every minute, or 
after the mobile unit has traveled a certain distance) that 
would allow for updates and changes to the billing code as 
the Communications Device (CD) moves through different 
territories or beyond interval distances which can be calcu­
lated directly in a GPS system or indirectly via vector 
calculations in other systems. 

One of the additional features that can be provided by the 
system of the present invention is real time subscnber 
service (FIG. 8, block 123). Knowing the location of the 
Communications Device (CD) is important to the wireless 
service provider to help solve some service problems asso­
ciated with the wireless network. 

Although billing and taxing issues are important to cur-
rent land based wireless communications systems service 
providers, these issues will be even more important for 
satellite systems (see FIG. 17) because the footprint of a 
satellite can cover many states or even different small 
countries such as in the European Community, with enor­
mous tax generating capacity. With GPS location devices or 
Loran-e or any other type of location technology used to 

All of this data collection and monitoring continues until 
the Communication Process (CP) is completed, block 117. 
When the communication Process (CP) is complete, and 
exact geographic location (EGL) of the mobile unit is 
recorded for various data processing uses prior to the data 
record closure, block 118. 

45 locate the satellite mobile phones, the problem can be 
avoided using the system disclosed herein. The exact geo­
graphic location of each subscriber unit will be carried along 
with voice transmission to allow location of the billing unit 
to be determined for tax assessment billing. 

FIG. 10 shows how the billing information is passed along 
through an external billing system. The MTSO first gener­
ates Automatic Message Accounting (AMA) files. usually in 
magnetic tape format, which holdc;; all the detailed records 

so The advantages realized by the present invention can also 
be understood by comparing FIGS. 3-S to FIGS. 11-16. 

FIG. 11 shows the identical borders and cells as shown in 
FIG. 4. However, this time omnidirectional antennas are 
shown which improve coverage but can cause overlap into 

ss a neighboring system. This overlap can be handled as 
described above by each network having independent inter­
system cells which map the exact geographic location (EGL) 
of the Communications Device (CD) to determine which 

for communication processes processed from a particular 
MTSO during that billing period. The AMA records are then 
processed (formatted into database readable media) at the 
wireless communication system's billing center which 
emerge as Call Detail Records (CDR). Call Detail Records 
are the detailed accounting of all the communication pro- 60 

cesses assigned to a subscriber's account. The roaming and 
home reports are combined which are then processed as 
subscnber bills. It is here in the prior art system that any 
taxes may be applied by the service provider or by the 
wireless communication system. Ideally, taxes should be 
assessed based on the location of the mobile unit when 
service is provided. This is oat the case with prior art 

system will service the CP. 
FIG. 13 shows still another configuration which could be 

utilized where borders arc concerned. 1\vo or more border­
ing service providers could erect single cells on or very near 
the border. Since the systems will track the exact geographic 
location (EGL) of each communications device (CD), it will 

65 know which service provider to connect the Communication 
Process (CP) to. This system uses a routing processor after 
the Communication Process (CP) has been accepted. 
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AG. 14 shows a situation where the cell site from a 
competitive service provider is inside their borders. As 
shown, cell site Z3 is in place in service provider Q's 
territory. Communications Devices which are physically 
located inside territory Z which come up on cell site Z3 s 
(communication device CD13) will be accepted. Commu­
nication device CD14 which will come up on cell site Z3 
will be redirected to the control channel of cell site 02 since 

Still another application for the technology of this inven­
tion could encompass the switching of a dual frequency 
phone to a second frequency based on exact geographic 
location (EGL) of the communication device (CD). An 
example of this would be switching from 800-900 MHz to 
2 GHz frequencies used in the upcoming PCS system. This 
would be useful for the commuter who wants PCS for his 
Communications Device (CD) in the city and to be able to 
roam out of PCS territory into cellular territory. It may even 
come to the time when suJ>scribers are given rate plans that 

it lies within territory Q, 
AG.lS shows the same territory depicted in FIG. 3 which 

in the prior art had many cells and many border overlap 
issues, which resulted, in prior art systems, in the service 
providers adding smaller cell sites to break up the coverage 
into smaller sells. FIG. 15 shows what can be done with the 
inventive system to reduce the number of cell sites. By 
having fewer cells, they will have to be of higher power 
which allows for better signal strength out at the borders. By 
using the inventive system to manage the Communication 
Process, the correct system will handle communication 
processes even under conditions of overlapping coverage 
into a neighbor's territory. To illustrate this, the signal values 
are shown in FIGS. 3 and 15 for cell site coverage of cell 
sites AI and Bl. In the prior art system (FIG. 3), each service 
provider will adjust its cell site to give some predetermined 
signal strength at the border. As an example, this value is 
shown as -5 dB. This value will be as close to the border as 
possible to invoke a band-off to the neighboring service 
provider (Note, communication device CDS is at signal 
strength levels, Al•-2 dB, Bl·-5 dB). However, the 
weaker the signal, the poorer the service such as terminated 
communication processes. However, if a contrast is made 
with the signal strengths in the inventive system, it will be 
found that higher values at the borders can be maintained 
which results in better service. For example, communication 
device CD6 signal strength Al•l dB, Bl·S dB. Since most 
borders are straight lines and wireless communication some­
times propagates in a radial fashion, prior art service pro­
viders cannot simply increase the cell site's power to pro­
vide higher signal strength values at the borders. Therefore, 
if a provider sets a cell site to hand off at a certain value, it 
will band-off wherever the signal strength decreases to that 
level, which may be a radial curve, which most times may 
not follow the geographic service boundaries. Therefore, as 
can be seen from the figures, if the provider were to increase 
the signal strength in an area, it may result in more overlap. 
This overlap is not a problem with the inventive system 
since the service boundaries are mapped to the exact geo­
graphic location (EGL) of the communications device (CD). 

10 correspond to different zones, such as a 2000 foot perimeter 
of their residence which would be billed at a residence rate, 
and be billed at a Home market rate beyond that. Still 
further, when the subscriber enters into the geographic zone 
of his or her employer, the MTSO will forward his business 

15 communication processes to his communication device 
(CD), all based on his present exact geographic location. 
This could be an important competitive advantage to a 
service provider that owned the 900 MHz in one area and the 
2000 MHz rights in a second area. For example, FIG. 16 

20 shows service provider A, which owns the license to 2000 
MHz in territory 1, the 9QO MHz license in territory 2 and 
the 2000 MHz license in territory 3. When mobile unit CDX 
travels on roadway XR, it will pass through all through all 
three territories. The service provider would like to handle 

25 all the billing revenue for its subscribers travelling through 
territory 2, but does not have the 2000 MHz license in that 
area. The communication device CDX is therefore 
instructed to retune to 900 MHz in territory 2 because 
System A does have rights to communication processes in 

30 territory 2 at the 900 MHz frequency. This allows System A 
to by pass System B even though the System B is a 2000 
Mhz service provider adjacent to two System A territories. 

The preferred means for establishing exact geographic 
location (EGL) is a satellite communication system such as 

35 discussed in the incorporated material. However, other 
means, including, but not limited to, triangulation and the 
like, can be used without departing from the scope of the 
present invention. 

It is understood that while certain forms of the present 
40 invention have been illustrated and described herein, it is not 

to be limited to the specific forms or arrangements of parts 
described and shown. 

What is claimed is: 
1. A wireless over-the .. air communications system that 

45 includes a plurality of CMR (cellular mobile radio) systems, 
one or more cell sites shared by the CMR systems, an MTSO 
in at least one of said plurality of CMR systems, locating 
means in the cellular communications system for determin­
ing the exact geographic location of a mobile unit involved 

An example of another advantage realized with the 
present system is that all communication processes may be 
processed through the tax data base, but the wireless com­
munication system may have a select group of subscribers 
that are identified to pay a certain billing rate in a specified 
geographic area which would constitute an additional loop 
through another look-up table. For example, as indicated in 
FIG. 16, company A bas negotiated for an attractive airtime 55 
rate within its plant's boundaries. This plant also resides in 
school district B which bas assessed it own tax. The com­
pany employees will therefore enjoy the attractive rates 
while inside the plant and must pay the school tax on those 
communication processes. But if those employees go 
beyond the plant, they will lose the lower rate. For instance, 
communication device CDS may have a low pre-negotiated 
rate, but pay school district B and state P taxes. Communi­
cation device CD9 pays the school district B and state P 
taxes, and communication device CDlO pays only the state 
tax. Billing is continuously updated no matter where the 
communication process originated as the mobile unit moves. 

so in a call and for providing a position signal of said exact 
geographic location, means in the MTSO for recognizing the 
position signal and using that position signal to establish the 
exact geographic location of the mobile unit involved in the 
call, and data means in the MTSO responsive to the locating 
means for directing a communication process to a specific 
CMR system based on the exact geographic location of the 
mobile unit regardless of a location of a cell site handling the 
call, said data means including tables containing positional 
data for service boundaries associated with eacb CMR 

60 system and means for comparing the exact geographic 
location of said mobile unit to the tables and automatically 
selecting a specific CMR system to handle the communica­
tion process and bill said mobile unit for services provided 
by said specific CMR system based on said exact geographic 

65 location of the mobile unit regardless of which cell site 
handled the communications process and without further 
input from a user of the mobile unit. 
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2. The wireless over-the-air communications system 
defined in claim 1 wherein said data means includes means 
for generating a communication process record for each 
communication process. 

3. The wireless over-the-air communications system 
defined in claim 1 wherein said data means includes means 
for redirecting a communication process to a second service 
provider. 

4. The wireless over-the-air . communications system 
defined in claim 1 wherein said data means further includes 10 

means for redirecting a wmmunication process to another 
cellular system. 

18 
D) using the geographic location of the mobile unit for 

billing; 
E) directing the billing to the selected wireless over-the­

air communications system; and 
F) continuously updating the geographic location of the 

mobile unit during the communication process 
whereby each of the communications systems will bill 
for any portion of the communication process carried 
out in its territory regardless of where the communi­
cation process originated. 

15. The method defined in claim 14 further including a 
step of using a satellite to determine the exact geographic 
location of the mobile unit. S. The wireless over-the-air communications system 

defined in claim 1 wherein said data means further includes 
means for altering the frequency of a communication pro­
cess during the communication proces.o;;. 

16. The method defined in claim 14 wherein the cell sites 
IS include at least one wireless system communications satel­

lite. 
6. The communication system defined in claim 1 wherein 

said locating means includes a satellite communication 
system for establishing an exact geographic location of said 
mobile unit. 

7. The wireless over-the-air ·communications system 
defined in claim 1 wherein the cell sites include at least one 
wireless system communications satellite. 

17. A method of making communication process manage­
ment decisions in two wireless over-the-air communications 
systems service providers each of which bas a plurality of 

20 cell sites at various locations and a service boundary. com­
prising: 

8. The wireless over-the-air communications system 
defined in claim 1 further including means for updating the 25 
location of the mobile unit at selected intervals. 

9. A method of making communication process manage­
ment decisions in a wirele.c;s over-the-air communications 
system having a plurality of service providers and an MTSO 
comprising: 

A) establishing an exact geographic location for a mobile 
unit; 

B) establishing override criteria from a group consisting 

30 

of billing, taxing, CP (communications process) rating, 
service requested by a user of a mobile unit and CMR 35 

(cellular mobile radio) system; and 
C) directing the communication process to a spcl.-ific 

service provider associated with the service requested 
by the user of the mobile unit based on the override 

40 
criteria without further input from the user of the 
mobile unit. 

10. The method defined in claim 9 further including a step 
of changing cell sites which handle the communication 
process from among cell sites owned by two different 

45 
wireless over-the-air communications systems. 

A) locating at least one cell site from one of the wireless 
over-the-air communications systems service providers 
in the geographic area of the service boundary of the 
other wireless over-the-air communications system ser­
vice provider; 

B) establishing an exact geographic location for a mobile 
unit involved in a call; 

C) matching the geographic location of tbe mobile unit to 
service boundary information, and selecting a cell site 
based on such matching regardless of the ownership of 
the selected cell site; 

D) using the selected cell site to handle communication 
processes associated with the mobile unit; 

E) using the geographic location of the mobile unit for 
billing; 

F) directing the billing of the call to the wireless over­
the-air communications system service provider which 
the service boundary matching has indicated is the 
provider for the call; and 

G) continuously updating the geographic location of the 
mobile unit during the communication process 
whereby each of the wireless over-the-air communica­
tions systems service providers will bill for any portion 
of the communication process carried out within its 
service boundaries regardless of where the communi­
cation process originated. 

11. The method defined in claim 9 wherein the cell sites 
include at least one wireless system communications satel· 
lite. 

U. The method defined in claim 9 further including a step 
of updating the exact geographic location of the mobile unit 
at selected intervals. 

18. The method defined in claim 17 further including a 

50 step of using a satellite to determine the exact geographic 
location of the mobile unit. 

13. The method defined in claim 12 further including a 
step of updating the exact geographic location of the mobile 

19. The method defined in claim 17 wherein the cell sites 
include at least one wireless system communications satel­
lite. 

unit at selected intervals. . 
55 14. A method of making communication process manage­

ment decisions in two wireles.c; over-the-air communications 
systems comprising: 

20. The method defined in claim 17 further including a 
step of updating the exact geographic location of the mobile 
unit at selected intervals. 

A) establishing an exact geographic location for a mobile 
unit; 

B) matching the geographic location of the mobile unit to 
service boundary information for each communications 
system, and selecting one of the communications sys­
tems based on such matching; 

21. A method of making communication process manage­
ment decisions in two wireless over-the-air communications 

60 systems service providers each having a plurality of cell 
sites each of which bas service boundary information asso· 
ciated therewith comprising: 

A) establishing at least one shared cell site; 

q using the selected communication system to handle 65 

communication processes associated with the mobile 
unit; 

B) sharing the cell site by both of the wireless over-the-air 
communications systems service providers; 

C) establishing an exact geographic location for a mobile 
unit; 
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D) matching the geographic location of the mobile unit to 
service boundary information, and selecting a cell site 
based on such matching; 

E) using the selected cell site to handle communication 
processes asso<.iated with the mobile unit regardless of s 
which service provider owns the selected cell site; 

F) using the geographic location of the mobile unit for 
billing regardless of which cell site was selected to 
handle the call; 

G) directing the billing to the wireless over-the-air com- 10 
munications system authorized to handle communica­
tion processes in the particular geographic location of 
the mobile unit; and 

H) continuously updating the geographic location of the 
mobile unit during the communication process 15 
whereby each of the wireless over-the-air communica­
tions systems service providers will bill for any portion 
of the communication process carried out in its territory 
regardless of where the communication process origi­
nated even if the shared cell site is used. 

22. The method defined in claim 21 wherein the cell sites 20 

include at least one wireless system communications satel­
lite. 

23. The method defined in claim 21 further including a 
step of updating the exact geographic location of the mobile 
unit at selected intervals. 25 

24. A method of making communication process manage­
ment decisions in two neighboring wireless over-the-air 
communications systems each having its own cell sites, 
comprising: 

30 

20 
means in the communications system MTSO for making 

call management decisions based on the matching of 
the exact geographic location of the mobile unit to the 
location data, said call management decisions being 
selected from the group consisting of billing rates, 
taxes, CP (communications process) rating, customer 
service requested, call routing, and CMR system selec­
tion and automatically setting one or more parameters 
selected from the group consisting of billing rates, 
taxes, CP rating, call routing and CMR system selection 
associated with the mobile unit based on the manage-
ment decisions made in the MTSO and completing and 
maintaining the call based solely on said management 
decisions made in the MTSO regardless of the location 
of a cell site handling the call and without input from 
a user of the mobile unit. 

29. The wireless over-the-air communications system 
defined in claim 28 wherein the means for making call 
management decisions includes means for updating billing 
information as the mobile unit moves during a communica­
tion process. 

30. The wireless over-the-air communications system 
defined in claim 28 wherein the MTSO further includes 
means for changing the service provider during the com­
munication process. 

31. The improvement defined in claim 28 wherein said 
locating means includes a satellite communication system 
for establishing an exact geographic location of said mobile 
unit. 

32. The improvement defined in claim 28 wherein the cell 
sites include at least one wireless system communications 
satellite. 

A) maintaining signal strength in cell sites at borders 
between two neighboring wireles..c; over-the-air com­
munications systems at a maximum level; 

B) establishing an exact geographic location for a mobile 
unit; 

C) matching the geographic location of the mobile unit to 
a wireless over-the-air communication system, and 
selecting a service provider based on such location 
matching; and 

33. The improvement defined in claim 27 further includ­
ing means for updating the location of the mobile unit at 

35 selected intervals. 

D) using the selected service provider to handle commu- 4o 
nication processes associated with the mobile unit and 
automatically completing a call made by the mobile 
unit. 

25. The method defined in claim 24 further including a 
step of using a satellite to determine the exact geographic 45 
location of the mobile unit. 

26. The method defined in claim 24 wherein the cell sites 
include at least one wireless system communications satel­
lite. 

27. The method defined in claim 24 further including a so 
step of updating the exact geographic location of the mobile 
unit at selected intervals. 

28. A wireless over-the-air communications system that 
includes a plurality of CMR (cellular mobile radio) systems, 
one or more cell sites shared by the CMR systems, an MTSO ss 
in at least one of said plurality of CMR systems and a 
locating means for determining the exact geographic loca­
tion of a mobile unit and for providing a position signal of 
the exact geographic location, and means responsive to said 
position signal to establish the exact geographic location of 60 
the mobile unit comprising: 

geographic location data stored in the communications 
system MTSO; 

means in the communications system MTSO for match­
ing the exact geographic location of the mobile unit to 65 

said location data stored in the communications system 
MTSO; 

34. The wireless over-the-air communications system 
defined in claim 28 further including means for updating the 
location of the mobile unit at selected intervals. 

35. The wireless over-the-air communications system 
defined in claim 28 in which said call management decision 
made by the means in the communications system are made 
exclusive of signal strength and hand-offs are made regard­
less of signal strength. 

36. The wireless over-the-air communications system 
defined in claim 28 wherein said service provider includes a 
second wireless communications system. 

37. The wireless over-the-air communications system 
defined in claim 28 wherein the billing rates include special 
rate plans specific to the mobile unit making the call. 

38. A method of communicating using a wireless over­
the-air communications system comprising: 

A) establishing an exact geographic location for a mobile 
unit making a call; 

B) communicating the geographic location to a call man­
agement control center in the communications system; 

C) storing geographic location data in the control center; 
D) matching the exact geographic location of tbe mobile 

unit to the geographic location data; 

E) making call management decisions for the mobile unit 
based on the matching of the exact geographic location 
of the mobile unit to the geographic data, said call 
management decisions being selected from the group 
consisting of billing rates, taxes, CP (communications 
process) rating, call routing, customer service 
requested and CMR system selection used for the call 
being made by the mobile unit; and 
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D) automatically selecting one or more parameters 
selected from the group consisting of billing rates, 
taxes, call routing, CMR system selection and CP 
(communications process) rating associated with the 
call being made by the mobile unit based on said call s 
management decisions to complete or maintain the call 
based solely on the call management decisions made in 
the MTSO regardless of the location of a cell site 
handling the call and without input from a user of the 
mobile unit. 

22 
39. The wireless over-the-air communications system 

defined in claim 28 wherein said service provider includes 
an emergency service provider. 

40. The method defined in claim 38 wherein the billing 
rates include special rate plans specific to the mobile unit 
making the call. 

41. The method defined in claim 38 further including a 
step of recording post communication information. 

• • • • • 
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1 

CELLUlAR TELEPHONE SYSTEM THAT 
USES POSITION OF A MOBILE UNIT TO 

MAKE CALL MANAGEMENT DECISIONS 

"This is a continuation application of Ser. No. 08/848, 5 

082 filed on Mar. 21, 1996 (pending), which is a 
continuation-in-part application of Ser. No. 08/555,884 filed 
on Oct. 23, 1995 (now U.S. Pat. No. 5,546,445) which is a 
continuation-in-part application of Ser. No. 402,976 filed on 
Mar. 13, 1995 (now abandoned) which is a continuation-in- 10 

part application ofSer. No. 08/057,833 filed on May 7,1993 
(now abandoned) which is a continuation ofSer. No. 07/813, 
494 filed on Dec. 26, 1991 and issued as U.S. Pat. No. 

2 
by a stationary transmitter/receiver setup. The cells are set 
up to carry signals to and from mobile units in the range of 
the cell. If one cell site becomes too crowded, it can be 
divided into smaller cells, by a process known as cell site 
splitting. Any particular geographic area can become quite 
complicated with cells overlapping each other, and overlap-
ping cells of other neighboring cellular systems. Further, 
null zones with inadequate coverage, or even no coverage, 
can result. It is noted that the term "cellular" is intended to 
be a term of convenience, and is not intended to be limiting. 
The present disclosure is intended to encompass any com­
munication system in which an overall area can be divided 
into one or more subareas, and also to any communication 
system having at least some portion of the communications 5,235,633 (and re-issued as Re 35,916)." 

15 occurring over the air. 

TECHNICAL FIELD OF THE INVENTION A typical CMR set up is indicated in FIGS. 1 and 2, and 
will be described so an understanding of the problem to 
which this invention is directed can be obtained. 

A typical cellular teleph9ne unit having a unique mobile 

The present invention relates to the general art of wireless 
over-the-air communication, which includes cellular mobile 
radiotelephone (CMR) technology, and to the particular field 
of managing communication processes in a wireless over­
the-air communication system. The present application is a 
continuation-in-part of pending U.S. application Ser. No. 
08/555,884, filed Oct. 23, 1995 which is a continuation-in­
part of U.S. application Ser. No. 08/402,976, filed Mar. 13, 
1995, which was a CIP of U.S. application Ser. No. 07/813, 
495, filed Dec. 26, 1991, which is a continuation of U.S. 
application Ser. No. 08/057,833, filed May 7,1993 which is 
a continuation of U.S. application Ser. No. 07/813,494, filed 
Dec. 26, 1991 and issued as U.S. Pat. No. 5,235,633. The 
disclosures of each of these applications is fully incorpo­
rated herein by reference. Therefore, as used hereinafter, the 
term "prior art" refers to art that is relevant prior to the 
invention dates associated with this incorporated material. 

20 identification number stored in a suitable location such as an 
electrically erasable programmable read-only memory (not 
shown). Telephone units of this kind are known to those 
skilled in this art, and thus will not be described in detail. 

The telephone unit includes a handset 4 having a keypad 
25 5 as well as a speaker 6 and a microphone 7. A transceiver 

8, ordinarily built into the telephone unit, exchanges signals 
via an antenna 10 with a mobile telecommunications switch­
ing office or MTSO 12 via a cell site 14. A duplexer 15 
connects the antenna to the transceiver. The cell site 14 

30 includes an antenna 16 connected to a control terminal 17 
via a transceiver 18. The 'cell site 14 is connected to the 
MTSO via a transmission link 20. The Mobile Telephone 
Switching Office has historically been known as the center 
of the wireless over-the-air communications system. It is 

BACKGROUND OF THE INVENTION 35 where the communication process management decisions 
are made, billing records are produced and where mainte­
nance activities arc initiated for wireless over-the-air com­
munications systems. The MTSO is not a specific piece of 

The present invention is concerned with wireless over­
the-air communication using a plurality of transmit/receive 
cell sites or relay points. It should be understood that the 
transmit/receive relay poinLo; can be either land based or 40 
non-land based, such as satellite based, and that as used 
herein, the term "cell site" or its equivalent refers to one of 
the relay points of the system. CMR (Cellular Mobile Radio) 
is an example of one type of wireless over-the-air commu­
nication system that can be included in the present disclo- 45 

sure. It is understood that the term CMR is not intended to 
be limiting, but is merely used as an example for the 
purposes of discussion. It is also to be understood that the 
term "cellular telephone system" or its equivalents is 
intended to be shorthand notation for the term "wireless 50 

over-the-air communications system" and no limitation is 
intended by the use of the term "cellular." Also, as used 
herein, the terms "CD (Communication Device)" and "MU 
(Mobile Unit)" are intended to include any device used to 
communicate in the wireless over-the-air communication 55 

system. Also, the term "cellular telephone system" is used 
for purposes of discussion but can include any form of 
wireless over-the-air communication system. It is also noted 
that many forms of communication are and will be con­
ducted over the wireless over-the-air networks. Therefore, 60 

the present disclosure will refer to a "communication pro­
cess" which is intended to cover calls as well as other forms 
of communication that can be conducted in this manner. 

CMR is a rapidly growing telecommunications system. 
The typical CMR system includes a multiplicity of cells. A 65 

particular geographic area can be subdivided into a multi­
plicity of subareas, with each of the subareas being serviced 

equipment, but is comprised of many individual pieces. The 
MTSO will contain a telephone switch, peripheral 
processors, adjunct processors, and various other informa-
tion gathering equipment used in the operation and man­
agement of a wireless over-the-air communications system. 
Each of the different pieces of equipment may directly or 
indirectly be involved providing the highest quality connec­
tion possible. The makeup of the MTSO therefore comprises 
many different pieces of equipment and many componenL"i, 
which can be supplied by different vendors. Therefore, 
communication process management decisions made at the 
MTSO can actually be made outside of a switch and can be 
made in a duster of nodes housed along the network or even 
in separate ceU sites. Therefore, as used herein the term 
MTSO really refers to all of the systems, nodes, modules, 
equipment and components' that combine to define a wireless 
over-the-air communication process management network, 
regardless of the physical or system location of these ele-
ments. The term MTSO therefore is not intended to be 
limiting to the "switching office" as it may have been viewed 
in the prior art. The term is intended to be much broader than 
that and to include any combinations of equipment, etc that 
may be connected within the communication processing 
network of the service provider. The term MTSO is one of 
convenience and is intended to include all the information 
processing hardware and software associated with the wire­
less over-the-air communication process management pro­
cess within a wireless over-the-air system, no matter where 
the hardware or software is located in the system. It is also 
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noted that the term "intrasystem" refers to actions and 
components within a particular system; whereas, the term 
"intersystem" refers to actions and components located 
outside a particular system. 

Referring to FIGS. 1 and 2, the operation of the CMR can 
be understood. The mobile unit M moves about the geo­
graphic areas covered by the various cells. A., that mobile 
unit moves about, it decodes the overhead mes..c;age control 
signals generated by various cell site control channels. The 
mobile unit locks onto the cell site that is emitting the 10 

strongest signal. The mobile unit rescans channels periodi­
cally to update its status. If, for example, a fixed-position 
land-based telephone T is used to call the mobile unit, a 
signal is sent via landlines L, to the central office CO of a 
public/switched telephone system (PTSN) 12A. This system 15 

then utilizes the switching network SN associated therewith 
to call the MTSO 12 via a transmission link Ll. The MTSO 
then utilizes its own switching network and generates a page 
request signal to cell sites via trans.mission links, such as the 
transmission link 20. The cell site which has been notified of 20 

the presence of the mobile unit M sends a signal back to the 
MTSO via the landlines or wireless links alerting the MTSO 

4 
cation devices, such as, but not limited to, Analog or Digital 
radiotelephones, digital data communications, analog or 
digital video, and the like. 

When the initial wireless systems were built, they were 
constructed around major metropolitan areas. This created 
service voids between major metropolitan markets. In these 
early systems, boundary service problems did not arise 
because there were areas of "no service" buffering compet­
ing systems. Today, as rural systems fill in the patchwork of 
nationwide coverage, network service provision boundary 
disputes are becoming common. Prior to the Dennison, et al 
patent, U.S. Pat. No. 5,235,633 and the patents and appli­
cations depending therefrom as continuations and 
continuations-in-part, the disclosures of which arc fully 
incorporated hereinto by reference, and the invention dis­
closed herein, it was impossible to honor the exact geo­
graphic boundaries. Attempts are currently made to control 
coverage boundaries by installing directional antennas and 
adjusting cell site receive and transmit parameters. The 
methods used to match the system boundaries to the geo­
graphic boundaries arc not entirely successful due to the 
variations in terrain, environment and limitations of antenna 
design and wireless propagation. A common result of these 
problems is inadequate wireless signal strength or null 

of the presence of the mobile unit. The MTSO then orders 
the mobile unit, via the notifying cell site, to tune to an 
assigned channel and receive the communication process. 

On the other hand, during communication process 
origination, the mobile unit rescans the control channels to 
determine which is the best server based on signal strength. 
Upon selecting the best server, the mobile unit transmit-. cell 
site information on the control channel receive frequency 
and then receives a voice channel to tune to if the mobile unit 

25 coverage and border disputes around the geographic bound­
aries and hence poor service. 

is authorized to place a communication process. 

The incorporated material, including the Dennison et al 
patent disclose that cell sites sometimes have overlapping 
coverage due to the aforementioned variations in terrain and 

30 environment, and propose a solution. While the proposed 
solution works well, there is still room for further improve­
ment in the areas of cost, subscriber service, billing and 
taxing. 

As the mobile unit moves, the signal strength between that 
mobile unit and the originating cell site changes, and per-

35 
haps diminishes. Since signal strength is an inverse function 

Furthermore, wireless propagation, such as but not limited 
to the cellular operating band of 800-900 MHz, is generally 
line-of-site transmission. This presents substantial chal­
lenges when choosing sites in which to place wireless 
transmit/receive antennas. Boundaries assigned to service 
providers are based on maps depicting the geographic bor-

of the square of the distance between the mobile unit and the 
cell site, signal strength can change rapidly and drastically 
as the mobile unit moves with respect to the cell site and 
therefore must be monitored closely. The MTSO has a signal 

40 
strength table, and signal strength from the mobile unit is 
constantly compared to acceptable signal strength levels in 
the table. Such a table can be located in each cell site if 
desired. 

ders of service boundaries. The question arises in a disputed 
territory of who will get to service the Communications 
Process (CP). In the past, it has been the cell site that can 
provide the highest signal strength from the CD 
(Communications Device), not the provider that owns the 

Should signal strength diminish below a preset range, the 
MTSO generates a "locate request" signal to all cell sites 
that neighbor the original cell site. Each of such neighboring 
cell sites receiving a signal from the mobile unit signals the 
MTSO, and the signal strengths from such neighboring cell 
sites are checked against the signal strength table. The 
MTSO makes a decision as to which cell site should control 
the communication process, and notifies the original cell site 
to order the mobile unit to retune to a voice channel of the 
new cell site. 

As soon as the mobile unit retunes, the mobile unit 
completes the communication process via the new cell site 
channel. This transfer of control is known as a handoff. 

45 legal territorial rights to the Communication Process (CP) 
that has serviced the Communication Process (CP). Until the 
invention disclosed herein, the service provider that could 
receive the best signal would handle the communication 
process (CP), and depending on whether the Communica-

50 lion Process (CP) was handed off and/or depending on the 
agreement made between the wireless communication 
systems, possibly keep all of the revenue from the commu­
nication process CP. Additionally, with real estate values 
being very high in established communities, cell sites are 

55 harder to construct and more expensive to build. Each cell 
site must be optimized fur the maximum effective coverage 
area to overcome the real estate problems encountered when 
constructing a cell site. This in tum creates problems with 
overlapping coverage between wireless systems and thus 

Typically, governments grant rights to provide wireless 
communication services to a specified land area based on 
geographic boundaries. Since wireless propagation does not 
end at exact geographic boundaries, many conflicts have 
arisen between service providers as to which service pro­
vider should provide service at the location from where the 
Communication Process (CP) is being originated or 
received. Today, there are no m.ethods or procedures to 65 

resolve these issues. A Communication Process (CP) can be 
defined as the exchange of information between communi-

60 disputes over which wireless system handles the communi­
cation process. Further, due to business considerations, it 
may be economically advantageous for one wireless system 
to own a cell site which is geographically located in the 
geographic area of another wireless system. 

Cell sites are very expensive to install and maintain, so 
there is a very real savings for a service provider if fewer cell 
sites could he constructed while also improving coverage. 
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Another area that would be affected by this is problems of river. The network A can place their cell sites very near the 
quality service. This is because the service provider has border atop the bluff providing overlapping coverage into 
conflicting requirements. To provide good coverage next to the city C. Network A will get all the service of the 
borders the provider would like to have high signal strength. neighboring community D further away from the city C. 
To allow for hand-otis between cell sites and networks the s Network A now has better line of cell site reception into the 
signal strength needs to "fade out" at just the right level near river valley with its corresponding traffic at river level than 
the border to invoke a low threshold to start a band-off does network B who legally "owns" the territory. Network 
process. It would be ideal to have high signal strength right B would have to install additional cell sites in the river 
up to a geographic boundary and then drop off beyond that valley to obtain the same coverage. Due to the stronger 
boundary. However, at the present time, presently available 10 signal level provided by Network A, Network A will process 
systems do not permit this type of coverage. a communications process (CP). The result is that subscrib-

Some areas inherently have wireless propagation er's Communication Process (CP) may not be processed by 
problems, such as service areas next to bodies of water or in the correct service provider. 
steep valleys. Wireless propagation can provide some very 
undesirable results for a number of reasons, some of which 15 Note in FIG. SA that there are two service providers X and 

Y. The intersystem boundary is shown as a dashed line down 
have been mentioned above and in the incorporated mate- the middle of the river. With a bluff on either side of the 
rial. Therefore, there is a need to provide each network river, the cells can only service the opposite bluff. This is 
information as to which system has a right to handle a shown where Yl cell site cannot "see" the subscriber CD' 
Communications Process (CP). For instance, a communica- hidden below. Cell site Yl can however find CD3 in service 
lions device (CD) might attempt to select a geographically 20 provider X's territory. This issue denies revenue to the 
incorrect service provider. Therefore, there is a need for a 
system that will permit a service provider to re-direct the wireless communication system that has legal right to serve 

the subscribers within its lk-ensed geographic service bound­communication process to the geographically correct service 
aries. Prior art systems are incapable of determining the 

provider, especially in a manner that is transparent to the geographic location of both the communications devices and 
Communications Device (CD) user. 25 their service boundaries and thus compromise quality of 

Since cellular system geographic borders can be non- coverage. Therefore, there 'is a need to resolve this issue. 
linear and can have irregular shapes, problems can arise. 
Problems associated with irregular boundaries are indicated There is also need for providing a wireless over-the-air 
in FIG. 3. FIG. 3 graphically shows the problem of obtaining communication system with the ability to adjust its coverage 
coverage for areas that have irregular boundaries. In this 

30 
and billing as the mobile unit moves. This will permit the 

figure, areas A and c are serviced by Carrier X, and area B system to determine taxes based on where the communica-
is serviced by Carrier Y. It is noted that areas A and c are tion process is actually being made as opposed to the criteria 
intrasystem with respect to Carrier X and area B is intra- used with the prior art. Still further, there is a need to permit 
system with respect to Carrier Y, while areas A and c are a wireless over-the-air communication system to change 
intersystem with respect to Carrier y and area B is inter-

35 
frequencies as the mobile unit moves whereby a single 

system with respect to Carrier X. It is also noted that areas wircles..o.; service provider can provide service to its subscrib-
A and B could be covered by just one cell site each but the ers regardless of frequency. 
overlap into adjacent territories would be difficult to resolve. Still further, due to various business reasons, a single cell 
Today, areas such as these would be split into two or more site may advantageously be used by more than one system. 
cell sites. For instance, Carrier X might elect to install three 40 It will be necessary to determine which wireless communi-
cell sites Al, A3 and A4 which provides a minimum of cation system bills the communication process. Prior art 
overlap into area B. Overlap is indicated at the shaded areas. systems cannot fully account for this. 
Therefore, there is a need for a system what would allow Still further, if there is a service problem with a mobile 
Carrier X to install a cell site with a larger coverage area unit, prior art systems arc not able to accurately identify the 
such as A2 (shown in dotted lines). 45 exact geographic location of the unit when the problem 

FIG. 4 shows a prior art attempt of providing sectored arose. This makes it difficult for the network to pinpoint 
cells. Using prior art technology requires installation of coverage problems. Therefore, there is a need for a wireless 
directional antennas to minimize the overlap into neighbor- over-the-air communication system that permits a wireless 
ing territory in order to resolve a border issue. Since these communication system to exactly and precisely identify the 
antenna patterns cannot be made to follow curved geo- 50 exact geographic location of a mobile unit when a commu-
graphic borders, sectors are installed and directed for the nication problem occurs. 
best geographic coverage possible. This often involves Still further, with the advent of emergency response 
obtaining a cell site location close to the border and "shoot- networks that usc telephones, such as the E-911 systems, 
ing back" toward the wireless communication system's own there is a need for a wireless over-the-air communication 
territory. 'Jltis can leave null zones where cells back onto ss system that can precisely locate a mobile unit and pass that 
each other in an effort to keep signals from overlapping into information on to an emergency response system. 
neighboring territory. These null zones will have either poor The location of an over-the-air system mobile unit making 
quality service or even no service at all, thereby resulting in a communication process can also be of use to law enforce-
poor service. Therefore, there is a need to overcome this ment agencies. However, signal strength from one cell site 
problem as well. 60 does not provide such location information with sufficient 

FIGS. SA and SB illustrate a problem of how geographic accuracy to be of the best assistance to law enforcement 
terrain can affect prior art systems. In FIGS. SA and SB, a agencies. Therefore, there is a need for an over-the-air 
small rural network A is located just across the river from a communications network that can provide geographic toea-
large city C, which is part of a neighboring network B. The lion of a mobile unit during a communication process with 
river defines the geographic and legal border between these 65 accuracy sufficient to satisfy law enforcement agencies. This 
two systems. The city C is in another state just across the information should be rapidly updatable so a mobile unit can 
river. In some river towns, there is a bluff on each side of the be tracked. 
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Since the CMR industry is growing rapidly, competition 
is growing. Therefore, it is in the best interest of a system to 

8 
cell sites with other networks while retaining its ability to 
bill and service its own subscribers. 

be able to provide the best service possible to its subscribers. 
One way of achieving this objective is to customize the 
service to the exact needs of each subscriber. This can be 
achieved by, among other things, customizing and varying a 
billing rate plan for each subscriber. That is, the subscriber 
may be able to pay a lower rate when he is at work than he 
pays when he or she is at home. Therefore, there is need for 

It is another object of the present invention to provide a 
wireless over-the-air communications system that can pro­

s vide the most efficient and effective service to its subscribers 

a wireless over-the-air communication system that can vary 10 

rate plans and vary rates in a manner that will permit offering 
the best rate plan to each subscriber based on that particular 
subscriber's use and needs. Still further, some communica­
tion processes must be handled in a special manner to 
account for environmental conditions, or system needs, such 15 

as down time for a specific cell. Therefore, even if a 
communication process should be handled by a certain cell 
site, there may be times when that communication process 
must be handled by another cell site. Therefore, there is need 

and users. 
It is another object of the present invention to provide a 

wireless over-the-air communications system that can 
update any communication process management parameter 
to account for instantaneous geographic location of a mobile 
unit. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that can assign 
and re-assign a communication process according to the 
location of the mobile unit during the communication pro­
cess. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that can share 
geographic boundaries with other wireless over-the-air ser­
vice providers without border issues. 

for a wireless over-the-air communication system that can 20 

account for special circumstances associated with a com­
munication process, and alter the system response when the 
mobile unit meets the criteria for those circumstances, even 

It is another object of the present invention to provide a 
wireless over-the-air communications system that can 
change and update its operating frequencies during a com-

25 munication process. 
if the communication process is already in progress when 
the criteria arc met. 

OBJECTS Of THE INVENTION 

It is a main object of the present invention to provide a 
wireless over-the-air communications system that will per­
mit a wireless communication system to determine the most 30 

efficient and accurate service to a mobile unit. 

It is another object of the present invention to provide a 
wireless over-the-air communications system which can 
have the highest possible signal strength at its borders. 

It is another object of the present invention to provide a 
wireless over-the-air communications system which can 
identify the location of a mobile unit when a service problem 
arises. It is another object of the present invention to provide a 

wireless over-the-air communications system that will per­
mit a wireless communication system to accurately bill a 
subscriber. 

It is another object of the prese.nt invention to provide a 
wireless over-the-air communications system that will per­
mit a wireles.-; communication system to accurately deter­
mine taxes for a subscriber for that subscriber's use of the 
system. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that will be 
able to handle all communication processes legally permit­
ted it. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that will he 
able to handle all communication ·processes legally permit-
ted it and to forward communication processes that right­
fully belong to another wireless communication system 
while retaining billing and taxing of any portion of the 
communication process that belongs to it. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that can effi-

35 ciently work with emergency service providers. 
It is another object of the present invention to provide a 

wireless over-the-air communications system that can effi­
ciently implement and utilize special rate plans. 

40 
It is another object of the present invention to provide a 

wireless over-the-air communications system that can effi­
ciently implement and utilize special requirements for a 
communication process. 

It is another object of the present invention to provide a 

45 wireless over-the-air communications system that can estab­
lish parameters for updating mobile unit information based 
on the particular needs of the mobile unit. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that can estab­

so lish time and/or distance parameters for updating mobile 
unit information based on the particular needs of the mobile 
unit. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that will be 
able to handle all communication processes legally permit- 55 
ted it based on geographic constraints. 

SUMMARY OF TilE INVENTION 

These, and other, objects are achieved by a CMR system 
that allows the Exact Geographic Location (EGL) of a 
communications device to be tracked and compared to 
geographic land data and information data and to continu­
ously update this information during the communication 
process whereby the proper and most efficient service is 
provided, including proper communication process manage-

It is another object of the present invention to provide a 
wireless over-the-air communications system that can bill a 
subscriber based on the geographic location of communica­
tion process origination, and then can update and alter that 60 
billing as the mobile unit moves. 

ment and billing decisions. Within the scope of this inven­
tion is the ability to solve the above-mentioned problems 
and achieve the above-mentioned objects. By knowing the 

It is another object of the present invention to provide a 
wireless over-the-air communications system that can 
co-operate with other wireless networks in handling a com­
munication process. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that can share 

65 exact geographic location of a mobile unit during a com­
munication process, competing service providers can locate 
their cell sites anywhere where the wireles.'i reception will 
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allow them to provide the best wireless coverage of their 
territory. lne cell sites can even have overlapping coverage, 

10 
of the mobile unit instead of signal strength. This position 
information is used to determine communication process 
rating and taxing for billing purposes and communication 
process routing to make sure that the proper services for that 

or be inside an adjacent wireless communication system's 
coverage area. By knowing the location of the calling device 
at all times during the communication process, the wireless 
over-the-air communication system can configure the sys­
tem to work together with other systems and wireless 
communication systems to process a communication pro­
cess correctly. Service can be provided by the proper 
licensed wireles.~ communication system because the exact 
location of the mobile unit is known at all times during the 
communication process. Propagation patterns and the like 
are not needed. 

5 location are provided. 
A "locate request" signal is not used, since the exact 

location of the mobile unit is known to the MTSO. However, 
a signal strength method can alc;o be used in making com­
munication process management decisions if suitable. Such 

10 a process would be used if the mobile unit moves into a prior 
art cellular system. 

By way of background, the operation of a cellular system 
20 is shown in FIGS. 6, 7 and 7 A. The cellular system 20 
uses positional data associated with the mobile unit M' to 
make communication process management decisions. To 
this end, the cellular system 20, while similar in all other 
respects to the cellular system illustrated in FIGS. 2 and 3, 
includes means for accurately and precisely determining the 
exact position of the mobile unit M', and then further 20 
includes means for using this positional information to 
determine which cell site is best suited to handle a commu­
nication process associated with that mobile unit M'. 

The hereinafter disclosed system has many advantages 
over the prior art systems. Multiple layers of information can 
be generated and used. The system using the invention 

15 disclosed herein and in the incorporated material may use 
many levels of mapping such as cell site selection, taxing, 
billing, special rate plans, and the mapping of E-911 calls to 
an appropriate service provider. 

The means for accurately determining the precise position 
of the mobile unit includes a Global Positioning System. The 25 
GPS includes satellites, such as satellite 22 in geostationary 
orbit about the earth. Each mobile unit further includes a 
GPS receiver 24 located between the duplexer and the logic 
circuitry 25 of the mobile unit. The GPS receiver commu­
nicates with the satellite 22 and the exact longitude and 30 

latitude of the mobile unit are determined. This information 
is sent to the MTSO via a cell site, and the MTSO uses a 
look-up table such as disclosed in FIG. 9, to determine 
which cell site is most appropriate for use by the mobile unit. 
The mobile unit communicates with cell sites using unused 35 

bits of the aforediscussed overhead messages to send its 
positional information to the MTSO when the mobile unit is 
first activated. 'Ibis positional information is relayed to the 
MTSO by the first cell site to communicate with the mobile 
unit. The MTSO then selects the cell site most appropriate 40 

for the mobile unit and hands that mobile unit off to that cell 
site. The cell sites transmit system service boundaries in 
their overhead messages that are interpreted by mobile units. 
The mobile units use the location information supplied by 
the GPS receiver as opposed to signal strength to determine 45 

which system to originate on. Communication process ter­
mination can utilize the paging process as is currently 
utilized. A response from a mobile unit includes the location 
information, and the designated control channel instructs the 
mobile unit to tune to one of its channels. A communication 50 
process in progress utilizes the overhead message of the 
voice channel to communicate location information. Once a 
mobile unit that is processing on a particular cell site crosses 
a cell site boundary, it is instructed to perform a handoff to 
the cell site that is to service the new location. It is 55 
understood that the GPS is used as an example of the 
preferred source of positional data; however, other sources 
similar to the GPS can be used without departing from the 
scope of the present invention. All that is required is that the 
source of positional data be able to generate precise and 60 

accurate locational data on a fixed or a rapidly moving 
object. It is also helpful, but not absolutely required, that in 
some circumstances, such as triangulation, the CMR be only 
passively involved in the determination of the positional 
data. 65 

The handoff process is similar to the present handoff 
processes, except it will be controlled according to position 

BRIEF DESCRIPTION OF THE DRAWING 
FIGURES 

FIG. 1 illustrates a typical prior art mobile cellular tele­
phone and its link with a fixed cell site and an MTSO. 

FIG. 2 illustrates a typical prior art cellular system in 
which a mobile unit can be connected with a fixed-position 
unit. 

FIG. 3 illustrates an overlapping boundary problem with 
prior art systems as well as a fading signal at the borders. 

FIG. 4 illustrates a null zone problem associated with 
prior art systems. 

FIGS. SA and 5B illu~trate boundary issue problems 
between two prior art systems separated by a natural 
boundary, such as a river. 

FIG. 6 is a block diagram of a mobile unit of a wireless 
over-the-air communications system which incorporates a 
GPS location determining system embodying the present 
invention. 

FIG. 7 illustrates a wireless over-the-air communications 
system incorporating a GPS position locating system for a 
mobile unit communicating with other units, such as the 
fixed-position unit shown. 

FIG. 7A is a block diagram showing systems included in 
an MTSO. 

FIG. 8 is a block diagram illustrating a flow chart for the 
wireless over-the-air communications system embodying 
the present invention. 

FIG. 9 is a block diagram showing a registration process 
used in the present invention. 

FIG. 9A is a block diagram showing a communication 
process rating procedure used in the present invention. 

FIG. 9B is a block diagram of a communication process 
routing process used in the present invention. 

FIG.lO is a diagram showing a billing process used in the 
present invention. 

FIG. 11 illustrates the elimination of a null zone problem 
with a system embodying the present invention. 

FIG. U illustrates variable billing and/or taxing for a 
mobile unit using the system of the present invention. 

FIG. 13 illustrates how cell sites can be shared using the 
system of the present invention. 

FIG. 14 illustrates bow a cell site for one wireless 
over-the-air communication system can be located in the 
geographic boundary of a.nuther wireless communication 
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system when the present invention is used to manage 
communication processes made by a mobile unit. 

FIG. 15 illustrates the solution to overlapping boundary 
problems achieved by the present invention. 

12 
tion process is continued through the period that the Com­
munications Device (CD) is not in a Communication 
Process (CP) active slate. 

FIG. 16 illustrates bow frequency of a communication 5 

process can be changed using tlie system of the present 
invention during a <.'Ommunication process and without the 
unit being aware that the frequency is being changed. 

If a Communication Process (CP) were initiated then the 
registration process, block 106, FIG. 9, would take place to 
update the exact geographic location (EGL). Once the exact 
geographic location (EGL) is established the routing selec­
tion for the Communication Process (CP) is begun, block 
107. FIG. 9B shows that the first step is to identify the 

FIG. 17 illustrates the application of the present invention 
10 

to a geographic area which includes several countries. 
Communications Device (CD), block 401 so that the service 
characteristics, block 402 can be identified. A determination 

DETAILED DESCRIPTION OF TilE 
PREFERRED EMBODIMENT OF TI-lE 

INVENTION 

A representation of the logical flow that may occur in a 
wireless communications system incorporating the use of 
exact geographic location (EGq for the communication 
process management decisions is shown in FIGS. 8-10. The 
communication process management decisions are based on 
information provided by the communication device (CD) 
towards the fixed system and to the communications device 
from the fixed system. The description of a sample commu­
nications process (CP) begins upon the powering up of the 
communicating device and continues until that communica­
tions process is completed. 

is then made as to whether or not service is to be provided, 
block 403. If service is to be provided proper routing is 
selected, with the most appropriate communications path to 

15 connect point A to point B is selected for the specific 
communication process based on the exact geographic loca­
tion (EGL) of the Communications Device (CD), block 404. 
This may include activities and decision to route commu­
nication processes through land based networks, microwave, 

20 fiberoptic links and the like to allow for cost effective or 
expeditious connections to be established. If service is to be 
denied, the wireless communication system can direct the 
communication process to the appropriate announcement, 
block 405 and if the Communication Process (CP) being 

25 initiated is determined not to be a 911 emergency call, block 
406. If a communication process is determined to be a 911 
emergency call, then the system identifies the proper routing 
of the emergency communication process, blocks 407, 408 
and 409, and the communication process will be directed to 

When a communications device is powered up, block 101, 
the registration process, block 102 is initiated. The registra­
tion process is detailed in FIG. ·9. The first step in the 
registration process, block 102 is to determine the exact 
geographic location, block 201 of the communications 
device via either GPS, block 202, signal strength, block 203, 
Loran, block 204, triangulation or other similar location 
means. The information is used by the initial (Home) serving 
system and the exact geographic location (EGL) is com­
pared to the service boundaries, block 205 for that home 
system. A determination is made as to whether or not the 
Communications Device (CD) is located within the serving 
system's boundaries via the means of communication data 
filed in the serving system, block ~06. The communication 40 

data may include computerized latitude and longitude tables 
which are then compared to geographic location tables of 
service allocation. In the absence of comparative tables, 
algorithms may be run to determine the mapping of exact 
geographic location (EGL) to service boundaries. If the 
Communications Device (CD), is located within the serving 
system's boundaries, the exact geographic location (EGL) is 
re-established, block 216 and recorded, block 217 for billing 

30 the proper emergency response system. The routing of this 
emergency call should be accompanied by all of the infor­
mation that is pertinent and available, blocks 410 and 411. 
If the exact geographic location (EGL) continues to change, 
updates should be sent to the serving emergency response 

35 system, block 412. If another emergency response system 
needs to gain control of the call, the system will be able to 
establish a connection with the new emergency response 
system, block 413. 'Ibis event is then recorded upon 
completion, block 414. 

With communications established (FIG. 8), block 108, the 
exact geographic location (EGL) may be stored for Com­
munication Process (CP) management, billing purposes, and 
other identification needs, block 114. The stored exact 
geographic location (EGL) is then recorded for establishing 

45 the origination point for billing purposes, block 109, emer­
gency 911 call accounting, block 110, taxing purposes, block 
111, rating the Communication Process (CP), block 112, or 
post communication process subscriber service, block 113. 
The Communication Process (CP) rating process shown in or other purposes. If the Communications Device (CD) is 

determined to be located outside of the serving system's 
boundaries, then the exact geographic location (EGL) is 
compared to the neighboring system boundaries, block 208 
and block 212 on an interactive basis until the system that is 
authorized to serve the Communications Device (CD) at the 
current exact geographic location (EGL) is determined. In 
addition to the reference tables that assign the service 
provider, the communication data, blocks 209, 213 also 
identifies the means of transferring control of the Commu­
nications Device (CD) from one system to another. Once the 
correct system is identified, the Communications Device 
(CD) is commanded to establish communications with the 
proper cell site within the correct system 211, 215. An 
example of this would be comman~ing the Communications 
Device (CD) to tune to the neighboring system's control 
channel. A registration increment timer 103 is then sent to 
the Communications Device (CD) informing it of the inter­
vals 104 at which re-registration is required. This registra-

so FIG. 9A identifies the subscriber characteristics, blocks 301 
and 302. The recorded exact geographic location (EGL) is 
then compared to the Communication Proces.c; (CP) rating 
table, blocks 303 and 304 to select the correct rating, block 
305 for that communication process (CP). This information 

55 is then recorded for later processing which may include 
application of taxes, Communication Process (CP) billing 
rates, or any other information which could be matched to 
the exact geographic location (EGL) of the communication 
process (CP). As the Communication Process (CP) 

60 continues, the exact geographic location (EGL) is constantly 
updated, block 115 or alternately updated at various 
intervals, block 114a, which intervals can be changed based 
on the time and/or distance traveled by the mobile unit to 
meet system needs for efficient communication process 

65 management, and these updated Communications Device 
(CD) locations are used for Communication Process (CP) 
management, block 116, billing decisions, block 119, and 
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other real time processing uses, such as 911 emergency calls 
made while a non-emergency communication process was in 
progress, block 120, taxing, block 121, Communication 
Process (CP) rating, block 122, subscriber service, block 
123, and frequency selection, block 124. The intervals at 
which the updating occurs can be determined on a preset 
time, such as every minute, or can be determined according 
to distance traveled by the mobile unit, such as every twenty 
miles, or the interval can be set according to the nearest 
border so that the mobile unit will be monitored whenever 

14 
emerge as Call Detail Records (CDR). Call Detail Records 
are the detailed accounting of all the communication pro­
cesses assigned to a subscriber's account. The roaming and 
home reports are combined which are then processed as 

s subscriber bills. It is here .in the prior art system that any 
taxes may be applied by the service provider or by the 
wireless communication system. Ideally, taxes should be 
assessed based on the location of the mobile unit when 
service is provided. This is not the case with prior art 

10 systems. For example, home communication processes arc 
taxed according to either the billing address of the subscriber 
or the zip code or business address of the service provider 
and roam communication processes, that is communication 
processes made using a cell site tbat is not in the mobile 

it reaches a location that would cross over the border if the 
mobile unit traveled toward that border. In this manner, the 
billing information, the tax information and the frequency of 
the communication process can be based on the location of 
the communication process origination, but can also be 
continuously updated and changed as the mobile unit moves 
during the communication process whereby the exact rates 
and frequencies at any instant during the communication 
process can be applied to the communication process. As 
was discussed above, this will even permit separate net­
works to share cell sites as even though a single cell site 
handles a communication process, the location of the mobile 
unit will determine which system receives credit for the 
communication process and will handle the billing and 
taxing of the communication process. Alternatively, this will 25 
permit separate cellular systems to locate their own cell sites 
within the geographic area of another cellular system, and 
may even permit several different systems to share a single 
cell site. 

15 unit's home area, are taxed based on the billing address of 
the roam network or where the cell site is located that 
services the communication process. Any tax based on the 
cell site location has the possibility of being in error, 
especially if the cell site is located adjacent to a border. The 

20 prior art has failed to teach the distinction between fixed 
location of hardware and exact geographic location (EGL) 
of the Communications Device (CD) for billing. 

In the present system, the wireless communication system 
will obtain the instant location of the Communications 
Device (CD) at the registration process (FIG. 9). In a system 
where bills arc processed externally, billing information 
combined with the location of on the Call Detail Records can 
then be compared to lookup tables or algorithms that will 
assess the proper tax or billing rate depending on the 

The cell site can re-direct a communication process to 
another cell site under certain circumstances. For example, 
even though a particular cell site is chosen to handle a 
communication process, there may be special circumstances 
associated with a particular location that dictate all commu­
nication processes from that location be handled by a certain 
cell site. Special environmental conditions may be one such 
special circumstance, cell sites under repair may be another 
special circumstance or other business reasons may dictate 
such re-directing of communication processes. This redi­
recting can also occur for cellular systems. That is, if a 
selected cell site is not owned by the cellular system having 
rights to the communication process made by the mobile 
unit at that particular location, the communication process 
could be redirected to another cellular system. In this 
manner, customization of cellular service can be maximized 
with billing, taxing, frequency and the like all being selected 
according to the exact needs of the mobile unit during the 
communication process, and changed as the needs of the 
mobile unit change during the communication process. As 
discussed above, the preferred means for establishing the 
exact geographic location of the mobile unit includes a 
satellite communications system; however, other means can 
also be u.c;ed. 

All of this data collection and monitoring continues until 
the Communication Process (CP) is completed, block 117. 
When the Communication Process (CP) is complete, and 
exact geographic location (EGL) of the mobile unit is 
recorded for various data processing uses prior to the data 
record closure, block 118. 

30 location (origination, termination, duration, instantaneous 
location, or the like) of the communication process. 

If needed, the billing location codes could be recorded at 
some given interval (perhaps, for example, every minute, or 
after the mobile unit has traveled a certain distance) that 

35 would allow for updates and changes to the billing code as 
the Communications Device (CD) moves through different 
territories or beyond interval distances which can be calcu­
lated directly in a GPS system or indirectly via vector 
calculations in other systerps. 

40 
One of the additional features that can be provided by the 

system of the present invention is real time subscriber 
service (FIG. 8, block 123). Knowing the location of the 
Communications Device (CD) is important to the wireless 

45 
service provider to help solve some service problems asso­
ciated with the wireless network. 

Although billing and taxing issues are important to cur­
rent land based wireless communications systems service 
providers, these issues will be even more important for 

50 satellite systems (see FIG. 17) because the footprint of a 
satellite can cover many states or even different small 
countries such as in the European Community, with enor­
mous tax generating capacity. With GPS location devices or 
Loran-C or any other type of location technology used to 

55 locate the satellite mobile phones, the problem can be 
avoided using the system disclosed herein. lbe exact geo­
graphic location of each subscriber unit will be carried along 
with voice transmission to allow location of the billing unit 
to be determined for tax assessment billing. 

The advantages realized by the present invention can also 
be understood by comparing FIGS. 3-5 to FIGS. 11-16. 

FIG. 10 shows how the billing information is passed along 60 

through an external billing system. The MTSO first gener­
ates Automatic Message Accounting (AMA) files, usually in 
magnetic tape format, which holds all the detailed records 
for communication processes processed from a particular 
MTSO during that billing period. The AMA records are then 
processed (formatted into database readable media) at the 
wireless communication system's billing center which 

FIG.ll shows the identical borders and cells as shown in 
FIG. 4. However, this time omnidirectional antennas arc 
shown which improve coverage but can cause overlap into 

65 a neighboring system. This overlap can be handled as 
described above by each network having independent inter­
system cells which map the exact geographic location (EGL) 



Case 2:09-cv-00091-DF-CE Document 1-4 Filed 04/01/2009 Page 30 of 32 

US 6,847,822 Bl 
15 16 

of the Communications Device (CD) to determine which school district B which has assessed it own tax. The com-
system will service the CP. pany employees will therefore enjoy the attractive rates 

FIG. 13 shows still another configuration which could be while inside the plant and must pay the school tax on those 
utilized where borders are concerned. 1\vo or more border- communication processes. But if those employees go 
ing service providers could erect single cells on or very near 5 beyond the plant, they will lose the lower rate. For instance, 
the border. Since the systems will track the exact geographic communication device CDS may have a low pre-negotiated 
location (EGL) of each communications device (CD), it will rate, but pay school district Band state P taxes. Communi-
know which service provider to connect the Communication cation device CD9 pays the school district B and state P 
Process (CP) to. This system uses a routing processor after taxes, and communication device COlO pays only the state 
the Communication Process (CP) has been accepted. 1o tax. Billing is continuously updated no matter where the 

FIG. 14 shows a situation where the cell site from a communication process originated as the mobile unit moves. 
competitive service provider is inside their borders. As Still another application for the technology of this inven-
shown, cell site Z3 is in place in service provider Q's tion could encompass the switching of a dual frequency 
territory. Communications Devices which are physically phone to a second frequency based on exact geographic 
located inside territory Z which come up on cell site Z3 15 location (EGL) of the communication device (CD). An 
(communication device CD13) will be accepted. Commu- example of this would be switching from 800-900 MHz to 
nication device CD14 which will come up on cell site Z3 2 GHz frequencies used in the upcoming PCS system. This 
will be redirected to the control channel of cell site Q2 since would be useful for the commuter who wants PCS for his 
it lies within territory Q. Communications Device (CD) in the city and to be able to 

FIG. 15 shows the same territory depicted in FIG. 3 which 20 roam out of PCS territory into cellular territory. It may even 
in the prior art had many cells and many border overlap come to the time when subscribers are given rate plans that 
issues, which resulted, in prior art systems, in the service correspond to different zones, such as a 2000 foot perimeter 
providers adding smaller cell sites to break up the coverage of their residence which would be billed at a residence rate, 
into smaller sells. FIG. 15 shows what can be done with the and be billed at a Home market rate beyond that. Still 
inventive system to reduce the number of cell sites. By 25 further, when the subscriber enters into the geographic zone 
having fewer cells, they will have to be of higher power of his or her employer, the MTSO will forward his business 
which allows for better signal strength out at the borders. By communication processes to his communication device 
using the inventive system to manage the Communication (CD), all based on his present exact geographic location. 
Process, the correct system will handle communication This could be an important competitive advantage to a 
processes even under conditions of overlapping coverage 30 service provider that owned the 900 MHz in one area and the 
into a neighbor's territory. To illustrate this, the signal values 2000 MHz rights in a second area. For example, FIG. 16 
are shown in FIGS. 3 and 15 for cell site coverage of cell shows service provider A, which owns the license to 2000 
sites At and Hl.ln the prior art sys~em (FIG. 3), each service MHz in territory 1. the 900 MHz license in territory 2 and 
provider will adjust its cell site to give some predetermined the 2000 MHz license in territory 3. When mobile unit COX 
signal strength at the border. As an example, this value is 35 travels on roadway XR, it will pas.-. through all through all 
shown as -5 dB. This value will be as close to the border as three territories. The service provider would like to handle 
possible to invoke a hand-off to the neighboring service all the billing revenue for its subscribers travelling through 
provider (Note, communication device CDS is at signal territory 2, but docs not have the 2000 MHz license in that 
strength levels, At--2 dB, Bt--5 dB). However, the area. The communication device COX is therefore 
weaker the signal, the poorer the service such as terminated 40 instructed to retune to 900 MHz in territory 2 because 
communication processes. However, if a contrast is made System A does have righL~ to communication processes in 
with the signal strengths in the inventive system, it will be territory 2 at the 900 MHz frequency. This allows System A 
found that higher values at the borders can be maintained to by pass System B even though the System B is a 2000 
which resulL-. in better service. For example, communication Mhz service provider adjacent to two System A territories. 
device CD6 signal strength Al·l dB, Bla5 dB. Since most 45 The preferred means for establishing exact geographic 
borders arc straight lines and wireless communication some- location (EGL) is a satellite communication system such as 
times propagates in a radial fashion, prior art service pro- discussed in the incorporated material. However, other 
viders cannot simply increase the cell site's power to pro- means, including, but not limited to, triangulation and the 
vide higher signal strength values at the borders. Therefore, like, can be used without departing from the scope of the 
if a provider sets a cell site to hand ofi at a certain value, it 50 present invention. 
will band-off wherever the signal strength decreases to that It is understood that while certain forms of the present 
level, which may be a radial curve, which most times may invention have been illustrated and described herein, it is not 
not follow the geographic service boundaries. Therefore, as to be limited to the specific forms or arrangements of parts 
can be seen from the figures, if the provider were to increase described and shown. 
the signal strength in an area, it may result in more overlap. 55 What is claimed is: 
This overlap is not a problem ~ith the inventive system 1. A wireless radio communications system, such as a 
since the service boundaries are mapped to the exact geo- cellular telephone system, that includes a plurality of land 
graphic location (EGL) of the communications device (CD). based elements one or more sources of data storage and at 

An example of another advantage realized with the least one MTSO, and at least one mobile telephone unit, 
present system is that all communication processes may be 60 comprising: 
processed through the tax data base, but the wireless com- . h' h 
munication system may have a select group of subscribers A) locating means in at least one of a mobile umt w IC 

'fi d can operate from a non-fixed location and a radio that arc identified to pay a certain billing rate in a spcc1 e 
· · 1 1 communications system for determining the exact gee-geographic area which would constitute an addillona oop 

through another look-up table. For example, as indicated in 65 graphic location of the mobile unit; 
FIG. 16, company A has negotiated for an attractive airtime B) management means for making data management 

• 1 • b d · 'l"h' 1 t 1 'd · decisions based on the exact geographic location of the rate within JL<; p ant s oun anes. . 1s p an a so res1 es m 
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mobile unit, said management means including means 
for storing geographic data for each element and for 
making a comparison between the exact geographic 
location of the mobile unit and the land based data 
stored in said management means; 5 

18 
D) means in said management means for making a data 

management decision based on said comparison; 
E) means for identifying an clement based on the exact 

geographic location of the mobile unit; and 
F) means for automatically routing information based 

services requested for said mobile unit. 
10. A cellular communications system comprising: 

C) means in said management means for making a data 
management decision based on said comparison; and 

D) means for routing a call from the mobile unit to an 
element selected by said mobile unit based on the exact 
geographic location of the mobile unit. 10 

a cellular communication network comprising a plurality 
of cell sites and a plurality of mobile units, for radio 
frequency communication between said cell sites and 
mobile units, at least one of said cell sites receiving an 2. The wireless radio communication system defined in 

claim 1 further including means for billing the mobile unit 
for the call based on a rate associated with the call to the 
selected element. 

3. The wireless radio communication system defined in 15 

claim 1 further including means for billing the mobile unit 
for the call regardless of the cell site location. 

identification of a specific mobile unit, said cellular 
communication network communicating with said spe­
cific mobile unit via a cell site chosen based upon signal 
strength, 

a positioning system obtaining a position for said specific 
mobile unit identifying an exact geographic location of 
the specific mobile unit, 4. A method for making management decisions in a 

wireless radio communications system, such as a cellular 
telephone system, comprising: 20 a data storage system for recording said exact geographic 

location and specific mobile unit identification for use 
in subsequent services. A) determining the exact geographic location of a mobile 

unit in a wireles..c; radio communications system; 
B) storing the exact geographic location of each of a 

plurality of elements of the wireless radio communi­
cation system; 

C) at the mobile unit, selecting a desired service; 
D) in the MTSO, comparing the exact geographic location 

of the mobile unit to the geographic locations of the 
service elemenl'i in the wireless radio communication 
system which provide the desired service and selecting 
one of the service elements based on the comparison 
between the exact geographic location of the mobile 
unit and the selected service element; and, 

11. lbe cellular communications system of claim 10 
wherein said specific mobile unit transmits a position signal 

25 to said receiver. 
12. The cellular communications system of claim 10 

wherein said specific mobile unit derives said position 
through the use of radio frequency positioning signals. 

13. The cellular communications system of claim U 
30 wherein said specific mobile unit derives said position 

through the use of a global positioning satellite system. 
14. The cellular communications system of claim U 

wherein said specific mobile unit comprises a GPS receiver 
connected to logic circuitry in said specific mobile unit. 

15. The cellular communications system of claim 14 
wherein said specific mobile unit includes a duplexer. 

E) routing the call from the mobile unit to the selected 35 

service element. 
16. The cellular communications system of claim 15 

wherein said specific mobile unit includes a GPS receiver 
located between said duplexer and said logic circuitry. 

5. The method defined in claim 4 further including a step 
of transmitting the exact geographic location of the mobile 
unit to an MTSO of the wireless radio communication 
system. 

6. The method defined in claim 4 further including billing 
the mobile unit for the call to the selected service element at 
a rate associated with the call from the mobile unit to the 
selected service element. 

7. The method defined in claim 4 wherein the mobile unit 
is passive during the step of determining the exact geo­
graphic location of the mobile unit. 

8. The method defined in claim 5 wherein said billing is 
made regardless of the location of a cell site. 

40 17. The cellular communications system of claim 10 
wherein said cellular communication network compares said 
exact geographic location to geographic locations of cell 
sites in the cellular communications network. 

18. The cellular communications system of claim 17 
45 wherein said cellular communications network selects a 

chosen cell site for use by said specific mobile unit based on 
said comparison of said exact geographic location to geo­
graphic locations of cell sites, and establishes communica­
tion between said specific mobile unit and said chosen cell 

so site based on the exact geographic location of the specific 
mobile unit. 

19. 'lbe cellular communications system of claim 17 
wherein said cellular communication network determines 
the geographic location of a cell site using a look-up table. 

9. A wireless radio communications system, such as a 
cellular telephone system, that includes a plurality of land 
based elements, one or more sources of data storage and at 
least one MTSO, and at least one mobile telephone unit, 
comprising: 

20. The cellular communications system of claim 10 
wherein said positioning system receives said exact geo­
graphic location data from voice and data communication 
signals received by said cell sites. 

A) locating means in at least one of a mobile unit which 
55 

can operate from a non-fixed location and a radio 
communications system for determining the exact geo­
graphic location of the mobile unit; 21. The cellular communications system of claim 10 

60 wherein said data storage system makes said exact geo­
graphic location information accessible for emergency ser­
vices provisioning. 

B) means for requesting land based services for said 
mobile unit; 

C) management means for making data management 
decisions based on the exact geographic location of the 
mobile unit, said management means including means 
for storing geographic data for each element and for 
making a comparison between the exact geographic 
location of the mobile unit and land based data; 

22. The cellular communications system of claim 10 
wherein said data storage system makes said exact geo-

65 graphic location information available for one or more of 
rate, message unit, tax, billing or location services provi­
sioning. 
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23. The cellular communications of claim 10 wherein said 
data storage system makes said exact geographic location 
information accessible to provide. proper services for said 
location. 

24. A cellular data storage system for use with a commu- 5 
nications system that includes one or more cell sites, said 
data storage system: 

obtaining a mobile unit identification from a cellular 
communication network, said network comprising a 
plurality of cell sites in radio frequency communication 10 
with a plurality of mobile units, said mobile unit 
identification identifying a specific mobile unit in com­
munication with one of said cell sites chosen by said 
cellular communication network based upon signal 
strength, 

obtaining a position for said specific mobile unit idcnti- 15 

fying an exact geographic location of the specific 
mobile unit, 

recording said exact geographic location and mobile unit 
identification for usc in subsequent services. 

25. The cellular data storage system of claim 24 wherein 20 
said mobile unit transmits a position signal to said data 
storage system. 

20 
a positioning system obtaining a position for said specific 

mobile unit identifying an exact geographic location of 
the specific mobile unit, 

a data storage system for recording said exact geographic 
location and specific mobile unit identification for use 
in subsequent services. 

35. A cellular data storage system for use with a commu­
nications system that includes one or more cell sites, said 
data storage system: 

obtaining a mobile unit identification from a cellular 
communication network, said network comprising a 
plurality of cell sites in radio frequency communication 
with a plurality of mobile units, said mobile unit 
identification identifying a specific mobile unit in com­
munication with one of said cell sites chosen by said 
cellular communication network without reference to 
exact geographic location of said specific mobile unit, 

obtaining a position for said specific mobile unit identi­
fying an exact geographic location of the specific 
mobile unit, 

recording said exact geographic location and mobile unit 
identification for use in subsequent services. 26. The cellular data storage system of claim 24 wherein 

said position is derived by said specific mobile unit through 
the use of radio frequency positioning signals. 

27. The cellular data storage system of claim 26 wherein 
said position is derived through the usc of a global posi­
tioning satellite system. 

36. A method of operating a cellular communication 
25 network comprising a plurality of cell sites and a plurality of 

mobile units, for radio frequency communication between 
said cell sites and mobile units, comprising: 

28. The cellular data storage system of claim 24 forward­
ing said exact geographic location to said cellular commu- 30 
nications network for comparison to geographic locations of 
cell sites in the cellular communications network. 

29. The cellular data storage system of claim 28 storing a 
look-up table relating a cell site to its geographic location. 

30. The cellular data storage system of claim 24 receiving 35 
said exact geographic location data from voice and data 
communication signals received by said cell sites. 

31. The cellular data storage system of claim 24 making 
said exact geographic location information acces.-.ible fur 
emergency services provisioning. 

32. The cellular data storage system of claim 24 making 
said exact geographic location information accessible for 
one or more of rate, message unit, tax, billing or location 
services provisioning. 

40 

33. The cellular data storage system of claim 24 making 45 
said exact geographic location information accessible to 
provide proper services for said location. 

34. A cellular communications system comprising: 
a cellular communication nctwqrk comprising a plurality 

of cell sites and a plurality of mobile units, for radio 50 
frequency communication between said cell sites and 
mobile unit'>, at least one of said cell sites receiving an 
identification of a specific mobile unit, said cellular 
communication network communicating with said spe­
cific mobile unit via a cell site chosen without reference 55 
to exact geographic location of said specific mobile 
unit, 

receiving, at at least one of said cell sites, an identification 
of a specific mobile: unit, 

communicating with said specific mobile unit via a cell 
site chosen without reference to exact geographic loca­
tion of said specific mobile unit, 

obtaining a position for said specific mobile unit identi­
fying an exact geographic location of the specific 
mobile unit, and 

recording said exact geographic location and specific 
mobile unit identification for usc in subsequent ser­
vices. 

37. A method of storing data for use with a communica­
tions system that includt:.'i one or more cell sites, comprising: 

obtaining a mobile unit identification from a cellular 
communication network, said network comprising a 
plurality of cell sites in radio frequency communication 
with a plurality of mobile units, said mobile unit 
identification identifying a specific mobile unit in com­
munication with one of said cell sites chosen without 
reference to exact geographic location of said specific 
mobile unit, 

obtaining a position for said specific mobile unit identi­
fying an exact geographic location of the specific 
mobile unit, and 

recording said exact geographic location and mobile unit 
identification for usc in subsequent services. 

* * * * * 
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CELLULAR TELEPHONE SYSTEM THAT 
USES POSITION OF A MOBILE UNIT TO 

MAKE CALL MAl'lAGEMENT DECISIONS 

2 
up to carry signals to and from mobile units in the range of 
the cell. If one cell site becomes too crowded, it can be 
divided into smaller cells, by a process known as cell site 
splitting. Any particular geographic area can become quite 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

s complicated with cells overlapping each other, and overlap­
ping cells of other neighboring cellular systems. Further, 
null zones with inadequate coverage, or even no coverage, 
can result. It is noted that the term "cellular" is intended to 
be a term of convenience, and is not intended to be limiting. 

The present application is a divisional of U.S. application 
Ser. No. 09/662,613 filed Sep. 15, 2000 now U.S. Pat. No. 
6,847,822, now allowed, which is a continuation of U.S. 
application Ser. No. 08/848,082, filed Mar. 21, 1996, now 
U.S. Pat. No. 6,324,404, which is a continuation-in-part of 
U.S. application Ser. No. 08/555,884, filed Oct. 23, 1995, 
now U.S. Pat. No. 5,546,445, which is a continuation-in-part 
ofU.S. application Ser. No. 08/402,976, filed Mar. 13, 1995, 1s 
now abandoned, which is a continuation of U.S. application 
Ser. No. 08/057,833, ffied May 7, 1993, now abandoned, 
which is a continuation of U.S. application Ser. No. 07/813, 
494, filed Dec. 26, 1991 and issued as U.S. Pat. No. 
5,235,633. The disclosures of each of these applications is 
fully incorporated herein by reference. Therefore, as used 
hereinafter, the term "prior art" refers to art that is relevant 
prior to the invention dates associated with this incorporated 
material. 

10 The present disclosure is intended to encompass any com­
munication system in which an overall area can be divided 
into one or more subareas, and also to any communication 
system having at least some portion of the communications 
occurring over the air. 

A typical CMR set up is indicated in FIGS. 1 and 2, and 
will be described so an upderstanding of the problem to 
which this invention is directed can be obtained. 

FIG. 1 shows a typical cellular telephone unit having a 
unique mobile identification number stored in a suitable 

20 location such as an electrically erasable programmable read­
only memory. Telephone units of this kind are known to 
those skilled in this art, and thus will not he described in 
detail. 

The telephone unit includes a handset 4 having a keypad 

FIELD OF THE INVENTION 

The present invention relates to the general art of wireless 
over-the-air communication, which includes cellular mobile 
radiotelephone (CMR) technology, and to the particular field 
of managing communication processes in a wireless over­
the-air communication system. 

2s S as well as a speaker 6 and a microphone 7. A transceiver 
8, ordinarily built into the telephone unit, exchanges signals 
via an antenna 10 with a mobile telecommunications switch­
ing office or MTSO 12 v(a a cell site 14. A duplexer 15 
connects the antenna to the transceiver. The cell site 14 

BACKGROUND OF THE INVENTION 

30 includes an antenna 16 connected to a control terminal 17 
via a transceiver 18. The cell site 14 is connected to the 
MTSO via a transmission link 20. The Mobile Telephone 
Switching Office has historically been known as the center 
of the wireless over-the-air communications system. It is 

35 where the conunun.ication process management decisions 
are made, billing records are produced and where mainte­
nance activities are initiated for wireless over-the-air com­
munications systems. The MTSO is not a specific piece of 

The present invention is concerned with wireless over­
the-air communication using a plurality of tmnsmitlreceive 
cell sites or relay points. It should be understood that the 
transmit/receive relay points can be either land based or 
non-land based, such as satellite based, and that as used 40 

herein, the term "cell site" or its equivalent refers to one of 
the relay points of the system. CMR (Cellular Mobile Radio) 
is an example of one type of wireless over-the-air commu­
nication system that can be included in the present disclo­
sure. It is understood that the term CMR is not intended to 45 

be limiting, but is merely used as an example for the 
purposes of discussion. It is also to be understood that the 
term "cellular telephone system" or its equivalents is 
intended to be shorthand notation for the term "wireless 
over-the-air communications system" and no limitation is so 
intended by the use of the term "cellular." Also, as used 
herein, the terms "CD (Communication Device)" and "MU 
(Mobile Unit)" are intended to include any device used to 
communicate in the wireless over-the-air communication 
system. Also, the term "cellular telephone system" is used ss 
for purposes of discussion but can include any form of 
wireless over-the-air communication system. It is also noted 
that many forms of communication are and will be con­
ducted over the wireless over-the-air networks. Therefore, 
the present disclosure will refer to a "communication pro- 60 

cess" which is intended to cover calls as well as other forms 
of communication that can be conducted in this manner. 

CMR is a rapidly growing telecommunications system. 
The typical CMR system includes a multiplicity of cells. A 
particular geographic area can be subdivided into a multi- 65 
plicity of subareas, with each of the subareas being serviced 
by a stationary transmitter/receiver setup. 'The ce1ls are set 

equipment, but is comprised of many individual pieces. The 
MTSO will contain a telephone switch, peripheral proces­
sors, adjunct processors, and various other information 
gathering equipment used in the operation and management 
of a wireless over-the-air communications system. Each of 
the different pieces of equipment may directly or indirectly 
be involved providing the highest quality connection pos­
sible. The makeup of the MTSO therefore comprises many 
different pieces of equipment and many components, which 
can be supplied by different vendors. Therefore, communi­
cation process management decisions made at the MTSO 
can actually, be made outside of a switch and can be made 
in a cluster of nodes housed along the network or even in 
separate cell sites. Therefore, as used herein the term MTSO 
really refers to all of the systems, nodes, modules, equip­
ment and components that combine to define a wireless 
over-the-air communication process management network, 
regardless of the physical or system location of these ele-
ments. The term MTSO therefore is not intended to be 
limiting to the "switching office" as it may have been viewed 
in the prior art. The term is intended to be much broader than 
that and to include any combinations of equipment, etc. That 
may be connected within the communication processing 
network of the service provider. The term MTSO is one of 
convenience and is intended to include all the information 
processing hardware and software associated with the wire­
less over-the-air communication process management pro­
cess within a wireless over-the-air system, no matter where 
the hardware or software is located in the system. It is also 
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noted that the tenn "intra-system.. refers to actions and 
components within a particular system; whereas, the tenn 
"inter-system .. refers to actions and components located 
outside a particular system. 

Referring to FIGS. 1 and 2, the operation of the CMR can 
be understood. The mobile unit M moves about the geo­
graphic areas covered by the various cells. As that mobile 
unit moves about, it decodes the overhead message control 
signals generated by various cell site contml channels. 'lbe 
mobile unit locks onto the cell ·site that is emitting the 10 

strongest signal. The mobile unit rcscans channels periodi­
cally to update its status. If, for example, a fixed-position 
land-based telephone T is used to call the mobile unit, a 
signal is sent via landlines L, to the central office CO of a 
public/switched telephone system (PTSN) 12A. This system 15 

then utilizes the switching network SN associated therewith 
to call the MTSO 12 via a transmission link L 1. The MTSO 
then utilizes its own switching network and generates a page 
request signal to cell sites via transmission links, such as the 
transmission link 20. The cell site which has been notified of 20 

the presence of the mobile unit M sends a signal back to the 
MTSO via the landlines or wireless links alerting the MTSO 
of the presence of the mobile unit. The MTSO then orders 
the mobile unit, via the notifying cell site, to tune to an 
assigned channel and receive the communication process. 25 

On the other hand, during communication pn1cess origi­
nation, the mobile unit rescans the control channels to 
determine which is the best server based on signal strength. 
Upon selecting the best server, the mobile unit transmits cell 
site infonnation on the control channel receive frequency 30 

and then receives a voice channel to tune to ifthe mobile unit 
is authorized to place a communication process. 

As the mobile unit moves, the sigual strength between that 

:~~i~=~s::. ~:~:~~~:\i~~::~!~:~~e a~hi~1~~~~ ~~c~~~ 35 

of the square of the distance between the mobile unit and the 
cell site, signal strength can change rapidly and drastically 
as the mobile unit moves with respect to the cell site and 
therefore must be monitored closely. The MTSO bas a signal 
strength table, and signal strength from the mobile unit is 40 

constantly compared to acceptable signal strength levels in 
the table. Such a table can be located in each cell site if 
desired. 

4 
cation devices, such as, but not limited to, Analog or Digital 
radiotelephones, digital data communications, analog or 
digital video, and the like. 

When the initial wireless systems were built, they were 
constructed around major metropolitan areas. This created 
service voids between major metropolitan markets. In these 
early systems, boundary service problems did not arise 
because there were areas of "no service .. buffering compet-
ing systems. Today, as rural systems fill in the patchwork of 
nationwide coverage, network service provision boundary 
disputes are becoming common. Prior to the Dennison, et a) 
patent, U.S. Pat. No. 5,235,633 and the patents and appli­
cations depending therefrom as continuations and continu­
ations-in-part, the disclosures of which are fully incorpo­
rnted hereinto by reference, and the invention disclosed 
herein, it was impossible to honor the exact geographic 
boundaries. Attempts are currently made to control coverage 
boundaries by installing directional antennas and adjusting 
cell site receive and transmit parameters. The methods used 
to match the system boundaries to the geographic bound­
aries are not entirely successful due to the variations in 
termin, environment and limitations of antenna design and 
wireless propagation. A common result of these problems is 
inadequate wireless signal strength or null coverage and 
border disputes around the geographic boundaries and hence 
poor service. 

The incorpornted material, including the Dennison et al 
patent disclose that cell sites sometimes have overlapping 
covernge due to the aforementioned variations in terrain and 
environment, and propose a solution. While the proposed 
solution works well, there is still room tor further improve-
ment in the areas of cost, subscriber service, billing and 
taxing. 

Furthermore, wireless propagation, such as but not limited 
to the cellular operating band of 800-900 MHz, is generally 
line-of-site transmission. This presents substantial chal­
lenges when choosing sites in which to place wireless 
transmit/receive antennas. Boundaries assigned to service 
providers are based on maps depicting the geographic bor-
ders of service boundaries. The question arises in a disputed 
territory of who will gel to service the Communications 
Process (CP). In the past, it has been the cell site that can 
provide the highest signal strength from the CD (Commu­
nications Device), not the provider that owns the legal 

Should signal strength dirninish'below a preset range, the 
MTSO generates a "locate request .. signal to all cell sites 
that neighbor the original cell site. Each of such neighboring 
cell sites receiving a signal from the mobile unit signals the 
MTSO, and the signal strengths from such neighboring cell 
sites are checked against the signal strength table. The 
MTSO makes a decision as to which cell site should control 
the communication process, and notifies the original cell site 

45 territorial rights to the Communication Process (CP) that has 
serviced the Communication Process (CP). Until the inven­
tion disclosed herein, the service provider that could receive 
the best signal would handle the communication process 
(CP), and depending on whether the Communication Pro-

to order the mobile unit to retune to a voice channel of the 
new cell site. 

50 cess (CP) was handed off and/or depending on the agreement 
made between the wireless communication systems, possi­
bly keep all of the revenue from the communication process 
CP. Additionally, with real estate values being very high in 

As soon as the mobile unit retunes, the mobile unit 55 
completes the communication process via the new cell site 
channel. This transfer of control is known as a handoff. 

established communities, cell sites arc harder to construct 
and more expensive to build. Each cell site must be opti­
mized for the maximum effective coverage area to overcome 
the real estate problems encountered when constructing a 
cell site. This in tum creates problems with overlapping 
coverage between wireless systems and thus disputes over 

60 which wireless system handles the communication process. 

Typically, governments grant rights to provide wireless 
communication services to a specified land area based on 
geographic boundaries. Since wireless propagation does not 
end at exact geographic boundaries, many conflicts have 
arisen between service providers as to which service pro­
vider should provide service at the location from where the 
Communication Process (CP) is being originated or 
received. Today, there are no methods or procedures to 65 

resolve these issues. A Communication Process (CP) can be 
defined as the exchange of infonT\ation between communi-

Further, due to business considerations, it may be economi­
cally advantageous for one wireless system to own a cell site 
which is geographically located in the geographic area of 
another wireless system. 

Cell sites are very expensive to install and maintain, so 
there is a very real savings for a service provider if fewer cell 
sites could be constructed while also improving coverage. 



Case 2:09-cv-00091-DF-CE Document 1-5 Filed 04/01/2009 Page 25 of 32 

US 7,289,763 B2 
5 

Another area that would be affected by this is problems of 
quality service. This is because the service provider has 
conflicting requirements. To provide good coverage next to 
borders the provider would like to have high signal strength. 
To allow for hand-offs between ce11 sites and networks the 
signal strength needs to .. fade out" at just the right level near 
the border to invoke a low threshold to start a hand-off 
process. It would be ideal to have high signal strength right 
up to a geographic boundary and then drop off beyond that 
boundary. However, at the present time, presently available 10 

systems do not permit this type of coverage. 

6 
river. The network A can place their cell sites very near the 
border atop the bluff providing overlapping coverage into 
the city C. Network A will get all the service of the 
neighboring community D further away from the city C. 
Network A now has better line of cell site reception into the 
river valley with its corresponding traffic at river level than 
does network B who legally .. owns" the territory. Network 
B would have to install additional cell sites in the river 
valley to obtain the same coverage. Due to the stronger 
signal level provided by Network A, Network A will process 
a communications process (CP). The result is that subscrib-
er's Communication Process (CP) may not be processed by 
the correct service provider. 

Note in FIG. SA that there are two service providers X and 
Y. The inter-system boundary is shown as a dashed line 
down the middle of the river. With a bluff on either side of 
the river, the cells can only service the opposite bluff. This 
is shown where Yl cell site cannot "see" the subscriber CD' 
hidden below. Cell site Yl can however find CD3 in service 
provider X's territory. This issue denies revenue to the 
wireless communication system that has legal right to serve 
the subscribers within its licensed geographic service bound­
aries. Prior art systems a.t:e incapable of determining the 
geogrdphic location of both the communications devices and 

Some areas inherently have wireless propagation prob­
lems, such as service areas next to bodies of water or in steep 
valleys. Wrreless propagation can provide some very unde­
sirable results for a number of reasons, some ofwhich have IS 

been mentioned above and in the incorporated material. 
Therefore, there is a need to provide each network infor­
mation as to which system has a right to handle a Commu­
nications Process (CP). For instance, a communications 
device (CD) might attempt to select a geographically incor- 20 

rect service provider. Therefore, there is a need for a system 
that will permit a service pmvider to redirect the commu­
nication process to the geographically correct service pm­
vider, especially in a manner that is tmnsparent to the 
Communications Device (CD) user. 25 their service boundaries and thus compromise quality of 

coverage. Therefore, there is a need to resolve this issue. Since cellular system geographic borders can be non­
linear and can have irregular shapes, problems can arise. 
Problems associated with irregular boundaries are indicated 
in FIG. 3. FIG. 3 graphically shows the problem of obtaining 
coverage for areas that have irregular boundaries. In this 30 

figure, areas A and C are serviced by Carrier X, and area B 
is serviced by Carrier Y. It is noted that areas A and C are 
intra-system with respect to Carrier X and area B is intra­
system with respect to Carrier Y, while areas A and C are 
inter-system with respect to Carrier Y and area B is inter- 35 

system with respect to Carrier X. It is also noted that areas 

There is also need for providing a wireless over-the-air 
communication system with the ability to adjust its coverage 
and billing as the mobile unit moves. This will permit the 
system to determine taxes based on where the communica­
tion process is actually being made as opposed to the criteria 
used with the prior art. Still further, there is a need to permit 
a wireless over-the-air communication system to change 
frequencies as the mobile unit moves whereby a single 
wireless service provider can provide service to its subscrib­
ers regardless of frequency. 

Still further, due to various business reasons, a single cell 
site may advantageously be used by more than one system. 
It will be necessary to determine which wireless communi­
cation system bills the communication process. Prior art 
systems cannot fu11y account for this. 

Still further, if there is a service problem with a mobile 
unit, prior art systems are not able to accurately identify the 

A and B could be covered by just one cell site each but the 
overlap into adjacent territories would be difficult to resolve. 
Today, areas such as these would be split into two or more 
cell sites. For instance, Carrier X might elect to install three 40 

cell sites Al, A3 and A4 which provides a minimum of 
overlap into area B. Overlap is indicated at the shaded areas. 
Therefore, there is a need for a system what would allow 
Carrier X to install a cell site with a larger coverage area 
such as A2 (shown in dotted lines). 

FIG. 4 shows a prior art attempt of providing sectored 
cells. Using prior art technology requires installation of 
directional antennas to minimize the overlap into neighbor­
ing territory in order to resolve a border issue. Since these 
antenna patterns cannot be made to fo11ow curved geo- 50 

graphic borders, sectors are installed and directed for the 
best geogmphic coverage possible. 'Ibis often involves 
obtaining a cell site location close to the border and .. shoot­
ing back" toward the wireless communication system's own 
territory. Tius can leave null zones where cells back onto 55 
each other in an effort to keep signals from overlapping into 
neighboring territory. These null zones will have either poor 
quality service or even no service at all, thereby resulting in 
poor service. Therefore, there is a need to overcome this 
problem as well. 

45 
exact geographic location of the unit when the problem 
arose. This makes it difficult for the network to pinpoint 
covemge problems. 'lberefore, there is a need for a wireless 
over-the-air communication system that permits a wireless 
communication system to exactly and precisely identity the 
exact geographic location of a mobile unit when a commu­
nication problem occurs. 

Still further, with the advent of emergency response 
networks that use telephones, such as the E-911 systems, 
there is a need for a wireless over-the-air communication 
system that can precisely locate a mobile unit and pass that 
information on to an emergency response system. 

The location of an over-the-air system mobile unit making 
a communication process can also be of use to Jaw enforce­
ment agencies. However, signal strength from one cell site 

60 does not provide such location information with sufficient 
accuracy to be of the best assistance to law enforcement 
agencies. Therefore, there is a need for an over-the-air 
communications network that can provide geographic loca-

FIGS. SA and SB illustrate a problem of how geographic 
terrain can affect prior art systems. In FIGS. SA and SB, a 
sma11 rural network A is located just across the river from a 
large city C, which is part of a neighboring network B. The 
river defines the geographic and legal border between these 65 
two systems. The city C is in another state just across the 
river. In some river towns, there is a bluff on each side of the 

tion of a mobile unit during a communication process with 
accuracy sufficient to satisfY law enforcement agencies. This 
information should be rapidly updatable so a mobile unit can 
be tr&cked. 
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Since the CMR industry is growing rapidJy, competition 
is growing. Therefore, it is in the best interest of a system to 
be able to provide the best service possible to its subscribers. 
One way of achieving this objective is to customize the 
service to the exact needs of each subscriber. This can be 
achieved by, among other things, customizing and varying a 
billing rate plan for each subscriber. That is, the subscriber 
may be able to pay a lower rate when he is at work than he 
pays when he or she is at home. Therefore, there is need to 
a wireless over-the-air communication system that can vary 10 

rate plans and vary rates in a manner that will permit offering 
the best rate plan to each subscriber based on that particular 
subscriber's use and needs. Still further, some communica­
tion processes must be handled in a special manner to 
account for environmental conditions, or system needs, such 15 

as down time for a specific cell. Therefore, even if a 
communication process should be handled by a certain cell 
site, there may be times when that communication process 
must be handled by another cell site. Therefore, there is need 
for a wireless over-the-air communication system that can 20 

account for special circumstances associated with a com­
munication process, and alter the system response when the 
mobile unit meets the criteria for those circumstances, even 
if the communication process is already in progress when 
the criteria are met. 

SUMMARY OF THE INVENTION 

25 

8 
cell sites with other networks while retaining its ability to 
bill and service its own subscribers. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that can pro­
vide the most efficient and effective service to its subscribers 
and users. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that can 
update any communication process management parameter 
to account for instantaneous geographic location of a mobile 
unit. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that can assign 
and re-assign a communication process according to the 
location of the mobile unit during the communication pro­
cess. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that can share 
geographic boundaries with other wireless over-the-air ser­
vice providers without border issues. 

It is another object of the present invention to provide a 
wirelel\s over-the-air communications system that can 
change and update its operating frequencies during a com­
munication process. 

It is another object of the present invention to provide a 
wireless over-the-air communications system which can 
have the highest possible signal strength at its borders. 

It is a main object of the present invention to provide a 
wireless over-the-air communications system that will per­
mit a wireless communication system to determine the most 
efficient and accurate service to a mobile unit. 

It is another object of the present invention to provide a 
wireless over-the-air communications system which can 

30 identify the location of a mobile unit when a service problem 

It is another object of the present invention to pmvide a 
wireless over-the-air communications system that will per­
mit a wireless communication system to accurately bill a 35 

subscriber. 
It is another object of the present invention to provide a 

wireless over-the-air communicati·ons system that will per­
mit a wireless communication system to accur.ttely deter­
mine taxes for a subscriber for that subscriber's usc of the 40 

system. 

arises. 
It is another object of the present invention to provide a 

wireless over-the-air communications system that can effi­
ciently work with emergency service providers. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that can effi­
ciently implement and utilize special rate plans. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that can effi­
ciently implement and utilize special requirements for a 
communication pmcess. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that will be 
able to handle all communication processes legally permit­
ted it. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that can estab­
lish parameters for updating mobile unit information based 

45 on the particular needs of the mobile unit. 
It is another object of the present invention to provide a 

wireless over-the-air communications system that can estab­
lish time and/or distance parameters for updating mobile 
unit infonuation based on the particular needs of the mobile 

It is another object of the present invention to provide a 
wireless over-the-air communications system that will be 
able to handle all communication processes legally permit­
ted it and to forward communication processes that right­
fully belong to another wireless communication system 
while retaining billing and taxing of any portion of the 
communication process that belongs to it. 

so unit. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that will be 
able to handle all communication processes legally penuit- 55 
ted it based on geographic constr.tints. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that can bill a 
subscriber based on the geographic location of communica­
tion process origination, and then can update and alter that 60 

billing as the mobile unit moves. · 

SUMMARY OF THE INVENTION 

These, and other, objects arc achieved by a CMR system 
that allows the Exact Geographic Location (EGL) of a 
communications device to be tracked and compared to 
geographic land data and information data and to continu­
ously update this information during the communication 
process whereby the proper and most efficient service is 
provided, including proper communication process manage­
ment and billing decisions. Within the scope of this inven-
tion is the ability to solve the above-mentioned problems 
and achieve the above-mentioned objects. By knowing the 
exact geographic location of a mobile unit during a com-

It is another object of the present invention to provide a 
wireless over-the-air communications system that can co­
operate with other wireless networks in handling a commu­
nication process. 

It is another object of the present invention to provide a 
wireless over-the-air communications system that can !thare 

65 munication process, competing service providers can locate 
their cell sites anywhere where the wireless reception will 
allow them to provide the best wireless coverage of their 
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territory. The cell sites can even have overlapping coverage, 
or be inside an adjacent wireless communication system's 
coverage area. By knowing the location of the calling device 
at alJ times during the communication process, the wireless 
over-the-air communication system can configure the sys- s 
tern to work together with other systems and wireless 
communication systems to process a communication pro­
cess correctly. Service can be provided by the proper 
licensed wireless communication system because the exact 
location of the mobile unit is known at all times during the 10 

communication process. Propagation patterns and the like 
are not needed. 

By way of background, the operation of a cellular system 
20 is shown in FIGS. 6, 7 and 7 A. The cellular system 20 
uses positional data associated with the mobile unit M' to 15 

make communication process management decisions. To 
this end, the cellular system 20, while similar in all other 
respects to the cellular system illustrated in FIGS. 2 and 3, 
includes means for accurately and precisely determining the 
exact position of the mobile unit M', and then further 20 
includes means for using this positional infonnation to 
determine which cell site is best suited to handle a commu­
nication process associated with that mobile unit M'. 

The means for accurately determining the precise position 
of the mobile unit includes a Global Positioning System. The 25 
GPS includes satellites, such as satellite 22 in geostationary 
orbit about the earth. Each mobile unit further includes a 
GPS receiver 24 located between the duplexer and the logic 
circuitry 25 of the mobile unit. The GPS receiver commu­
nicates with the satellite 22 and the exact longitude and 30 

latitude of the mobile unit are determined. This infonnation 
is sent to the MTSO via a cell site, and the MTSO uses a 
look-up table such as disclosed in FIG. 9, to detennine 
which cell site is most appropriate for use by the mobile unit. 
The mobile unit communicates with cell sites using unused 35 
bits of the aforediscussed overhead messages to send its 
positional infonnation to the MTSO when the mobile unit is 
first activated. This positional information is relayed to the 
MTSO by the first cell site to communicate with the mobile 
unit. The MTSO then selects the cell site most appropriate 40 

for the mobile unit and hands that mobile unit off to that ce11 
site. The cell sites transmit system service boundaries in 
their overhead messages that are interpreted by mobile units. 
The mobile units use the location information supplied by 
the GPS receiver as opposed to signal strength to detennine 45 

which system to originate on. Communication process ter­
mination can utilize the paging process as is currently 
utilized. A response from a mobile unit includes the location 
information, and the designated control channel instructs the 
mobile unit to tune to one of its channels. A communication so 
process in progress utilizes the overhead message of the 
voice channel to communicate location information. Once a 
mobile unit that is processing on a particular cell site crosses 
a cell site boundary, it is instructed to perform a handoff to 
the cell site that is to service the new location. It is ss 
understood that the GPS is used as an example of the 
preferred source of positional data; however, other sources 
similar to the GPS can be used without departing from the 
scope of the present invention. All that is required is that the 
source of positional data be able to generate precise and 60 

accurate locational data on a fixed or a rapidly moving 
object. It is also helpful, but not absolutely required, that in 
some circwnstances, such as triangulation, the CMR be only 
passively involved in the detennination of the positional 
~ e 

The handoff process is similar to the present hand-off 
processes, except it will be controlled according to position 

10 
of the mobile unit instead of signal strength. This position 
information is used to determine communication process 
rating and taxing for billing purposes and communication 
process routing to make sure that the proper services for that 
location are provided. 

A "locate request" signal is not used, since the exact 
location of the mobile unit is known to the MTSO. However, 
a signal strength method can also be used in making com­
munication process management decisions if suitable. Such 
a process would be used if the mobile unit moves into a prior 
art cellular system. 

The hereinafter disclosed system has many advantages 
over the prior art systems. Multiple layers of information can 
be generated and used. The system using the invention 
disclosed herein and in the incorporated material may use 
many levels of mapping such as cell site selection, taxing, 
billing, special rate plans, and the mapping ofE-911 calls to 
an appropriate service provider. 

The above and other obj~cts and advantages of the present 
invention shall be made apparent from the accompanying 
drawings and the description thereof. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 illustrates a typical prior art mobile cellular tele­
phone and its link with a fixed cell site and an MTSO. 

FIG. 2 illustrates a typical prior art cellular system in 
which a mobile unit can be connected with a fixed-position 
unit. 

FIG. 3 illustrates an overlapping boundary problem with 
prior art systems as well as a fading signal at the borders. 

FIG. 4 illustrates a null zone problem associated with 
prior art systems. 

FIGS. SA and SB illustrate boundary issue problems 
between two prior art systems separated by a natural bound­
ary, such as a river. 

FIG. 6 is a block diagram of a mobile unit of a wireless 
over-the-air communications system which incorporates a 
GPS location determining system embodying the present 
invention. 

FIG. 7 illustrates a wireless over-the-air communications 
system incorporating a GPS position locating system for a 
mobile unit communicating with other units, such as the 
fixed-position unit shown. 

FIG. 7A is a block diagram showing systems included in 
an MTSO. 

FIG. 8 is a block diagram illustrating a flow chart for the 
wireless over-the-air communications system embodying 
the present invention. 

FIG. 9 is a block diagram showing a registration process 
used in the present invention. 

FIG. 9A is a block diagram showing a communication 
process rating procedure used in the present invention. 

FIG. 98 is a block diagram of a communication process 
routing process used in the present invention. 

FIG.10 is a diagram showing a billing process used in the 
present invention. 

FIG. 11 illustrates the elimination of a null zone problem 
with a system embodying the present invention. 

FIG. 12 illustrates variable billing and/or taxing for a 
mobile unit using the system of the present invention. 

FIG. 13 illustrates how cell sites can be shared using the 
system of the present invention. 

FIG. 14 illustrates how a cell site for one wireless 
over-the-air communication system can be located in the 
geogmphic boundary of another wireless communication 



Case 2:09-cv-00091-DF-CE Document 1-5 Filed 04/01/2009 Page 28 of 32 

US 7,289,763 B2 
11 

system when the present invention is used to manage 
communication processes made by a mobile unit. 

FIG. 15 illustrates the solution to overlapping boundary 
problems achieved by the present invention. 

FIG. 16 illustrates how frequency of a communication 
process can be changed using the system of the present 
invention during a communication process and without the 
unit being aware that the frequency is being changed. 

FIG. 17 illustrates the application of the present invention 
to a geographic area which includes several countries. 

The accompanying drawings, which are incorporated in 
and constitute a part of this specification, illustrate embodi­
ments of the invention and, together with a general descrip­
tion of the invention given above, and the detailed descrip­
tion of the embodiments given below, serve to explain the 
principles of the invention. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

A representation of the logical flow that may occur in a 
wireless communications system incorporating the use of 
exact geographic location (EGL) for the communication 
pn>cess management decisions is shown in FIGS. 8-10. 'Ibe 
communication process management decisions are based on 
information provided by the communication device (CD) 
towards the fixed system and to the communications device 
from the fixed system. The description of a sample commu­
nications process (CP) begins upon the powering up of the 
communicating device and continues until that communica-
tions process is completed. · 

12 
example of this would be commanding the Communications 
Device (CD) to tunc to the neighboring system's control 
channel. A registration increment timer 103 is then sent to 
the Communications Device (CD) infonning it of the inter­
vals 104 at which re-registration is required. This registra­
tion process is continued through the period that the Com­
munications Device (CD) is not in a Communication 
Process (CP) active state. 

If a Communication Process (CP) were initiated then the 
10 registration process, block 106, FIG. 9, would take place to 

update the exact geographic location (EGL). Once the exact 
geographic location (EGL) is established the routing selec­
tion for the Communication Process (CP) is begun, block 
107. FIG. 98 shows that the first step is to identify the 

15 Communications Device (CD), block 401 so that the service 
characteristics, block 402 can be identified. A determination 
is then made as to whether or not service is to be provided, 
block 403. If service is to be provided proper routing is 
selected, with the most appropriate communications path to 

20 connect point A to point 8, selected for the specific com­
munication process based on the exact geographic location 
(EGL) of the Communications Device (CD), block 404. This 
may include activities and decision to route communication 
processes through land based networks, microwave, fiberop-

25 tic links and the like to allow for cost effective or expeditious 
connections to be established. If service is to be denied, the 
wireless communication system can direct the communica­
tion process to the appropriate announcement, block 405 and 
if the Communication Process (CP) being initiated is deter-

30 mined not to be a 911 emergency call, block 406. If a 
communication process is determined to be a 911 emergency 
call, then the system identifies the proper routing of the 
emergency communication process, blocks 407, 408 and 
409, and the communication process will be directed to the 

When a communications device is powered up, block 101, 
the registration process, block 102 is initiated. The registra­
tion process is detailed in FIG. 9. The first step in the 
registration process, block 102 is to determine the exact 
geographic location, block 201 of the communications 
device via either GPS, block 202, signal strength, block 203, 
Loran, block 204, triangulation or other similar location 
means. The information is used by the initial (Home) serving 
system and the exact geographic location (EGL) is com­
pared to the service boundaries, block 205 for that home 
system. A determination is made ·as to whether or not the 
Communications Device (CD) is located within the serving 
system's boundaries via the means of communication data 
filed in the serving system, block 206. The communication 45 

data may include computerized latitude and longitude tables 
which are then compared to geogrdphic location tables of 
service allocation. In the absence of comparative tables, 
algorithms may be run to determine the mapping of exact 
geographic location (EGL) to service boundaries. If the 
Communications Device (CD) is located within the serving 
system's boundaries, the exact geographic location (EGL) is 
reestablished, block 216 and recorded, block 217 for billing 
or other purposes if the Communications Device (CD) is 
determined to be located outside of the serving system's 
boundaries, then the exact geographic location (EGL) is 
compared to the neighboring system boundaries, block 208 
and block 212 on an interactive basis until the system that is 
authorized to serve the Communications Device (CD) at the 
current exact geographic location (EGL) is determined. In 
addition to the reference tables that assign the service 
provider, the communication data, blocks 209, 213 also 
identifies the means of transferring control of the Commu­
nications Device (CD) from one system to another. Once the 
correct system is identified, the Communications Device 
(CD) is commanded to establish communications with the 
proper cell site within the correct system 211, 215. An 

35 proper emergency response system. The routing of this 
emergency call should be accompanied by all of the infor­
mation that is pertinent and available, blocks 410 and 411. 
If the exact geographic location (EGL) continues to change, 
updates should be sent to the serving emergency response 

40 system, block 412. If another emergency response system 
needs to gain contn)l of the call, the system will be able to 
establish a connection with the new emergency response 
system, block 413. This event is then recorded upon comple-
tion, block 414. 

With communications established (FIG. 8), block 108, the 
exact geographic location (EGL) may be stored for Com­
munication Process (CP) management, billing purposes, and 
other identification needs, block 114. The stored exact 
geographic location (EGL) is then recorded for establishing 

50 the origination point for billing purposes, block 109, emer­
gency 911 call accounting, block 110, taxing purposes, block 
111, rdting the Communication Pmcess (CP), block 112, or 
post communication process subscriber service, block 113. 
The Communication Process (CP) rating process shown in 

55 FIG. 9A identifies the subscriber characteristics, blocks 301 
and 302. The recorded exact geographic location (EGL) is 
then compared to the Communication Process (CP) rating 
table, blocks 303 and 304 to select the correct rating, block 
305 for that communication process (CP). This infonnation 

60 is then recorded for later processing which may include 
application of taxes, Communication Process (CP) billing 
rates, or any other information which could be matched to 
the exact geographic location (EGL) of the communication 
process (CP). As the Communication Process (CP) contin-

65 ues, the exact geographic location (EGL) is constantly 
updated, block 115 or alternately updated at various inter­
vals, block 114a, which intervals can be changed based on 
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the time and/or distance traveled by the mobile unit to meet 
system needs for efficient communication process manage­
ment, and these updated Communications Device (CD) 
locations are used for communication Process (CP) man­
agement, block 116, billing decisions, block 119, and other 
real time processing uses, such as 911 emergency calls made 
while a non-emergency communication process was in 
progress, block 120, taxing, block 121, Communication 
Process (CP) rating, block 122, subscriber service, block 
123, and frequency selection, block 124. The intervals at 10 

which the updating occurs can be determined on a preset 
time, such as every minute, or can be detennined according 
to distance traveled by the mobile unit, such as every twenty 
miles, or the interval can be set according to the nearest 
border so that the mobile unit will be monitored whenever 15 

it reaches a location that would cross over the border if the 
mobile unit traveled toward that border. In this manner, the 
billing information, the tax information and the frequency of 
the communication process can be based on the location of 
the communication process origination, but can also be 20 

continuously updated and changed as the mobile unit moves 
during the communication process whereby the exact mtes 
and frequencies at any instant during the communication 
process can be applied to the communication process. As 
was discussed above, this will even permit separate net- 25 
works to share cell sites as even though a single cell site 
handles a communication process, the location of the mobile 
unit will determine which system receives credit for the 
communication process and will handle the billing and 
taxing of the communication process. Alternatively, this will 30 

pennit separate cellular systems to locate their own cell sites 
within the geographic area of another cellular system, and 
may even pennit several different systems to share a single 
cell site. 

The cell site can re-direct a communication process to 35 
another cell site under certain circumstances. For example, 
even though a particular cell site is chosen to handle a 
communication process, there may be special circumstances 
associated with a particular location that dictate all commu­
nication processes from that location be handled by a certain 40 

cell site. Special environmental conditions may be one such 
special circumstance, cell sites under repair may be another 
special circumstance or other business reasons may dictate 
such re-directing of communication processes. This redi­
recting can also occur for cellular systems. That is, if a 45 

selected cell site is not owned by the cellular system having 
rights to the communication process made by the mobile 
unit at that particular location, the communication process 
could be redirected to another cellular system. In this 
manner, customization of cellular service can be maximized so 
with billing, taxing, frequency and the like all being selected 
according to the exact needs of the mobile unit during the 
communication process, and changed as the needs of the 
mobile unit change during the communication process. As 
discussed above, the preferred means for establishing the ss 
exact geographic location of the mobile unit includes a 
satellite communications system; however, other means can 
also be used. 

All of this data collection and monitoring continues until 
the Communication Process (CP) is completed, block 117. 60 

When the Communication Process (CP) is complete, and 
exact geographic location (EGL) of the mobile unit is 
recorded for various data processing uses prior to the data 
record closure, block 118. 

FIG. 10 shows how the billing information is passed along 65 
through an external billing system. The MTSO first gener­
ates Automatic Message Accounting (AMA) files, usually in 

14 
magnetic tape format, which holds all the detailed records 
for communication processes processed from a particular 
MTSO during that billing period. The AMA records are then 
processed (formatted into database readable media) at the 
wireless communication system's billing center which 
emerge as Call Detail Records (CDR). Call Detail Records 
are the detailed accounting of all the communication pro­
cesses assigned to a subscriber's account. The roaming and 
home reports are combined which are then processed as 
subscriber bills. It is here in the prior art system that any 
taxes may be applied by the service provider or by the 
wireless communication system. Ideally, taxes should be 
assessed based on the location of the mobile unit when 
service is provided. This is not the case with prior art 
systems. For example, hoJJ;le communication processes are 
taxed according to either the billing address ofthe subscriber 
or the zip code or business address of the service provider 
and roam communication processes, that is communication 
processes made using a cell site that is not in the mobile 
unit's home area, are taxed based on the billing address of 
the roam network or where the cell site is located that 
services the communication process. Any tax based on the 
cell site location has the possibility of being in error, 
especially if the cell site is located adjacent to a border. The 
prior art has failed to teach the distinction between fixed 
location of hardware and exact geographic location (EGL) 
of the Communications Device (CD) for billing. 

In the present system, the wireless communication system 
will obtain the instant location of the Communications 
Device (CD) at the registration process (FIG. 9). In a system 
where bills are processed externally, billing information 
combined with the location of on the Call Detail Records can 
then be compared to lookup tables or algorithms that will 
assess the proper tax or billing rate depending on the 
location (origination, termination, duration, instantaneous 
location, or the like) of the communication process. 

If needed, the billing location codes could be recorded at 
some given interval (perhaps, for example, every minute, or 
after the mobile unit has traveled a certain distance) that 
would allow for updates and changes to the billing code as 
the Communications Device (CD) moves through different 
territories or beyond interval distances which can be calcu­
lated directly in a GPS system or indirectly via vector 
calculations in other systems. 

One of the additional features that can be provided by the 
system of the present invention is real time subscriber 
service (FIG. 8, block 123). Knowing the location of the 
Communications Device (CD) is important to the wireless 
service provider to help solve some service problems asso­
ciated with the wireless network. 

Although billing and taxing issues are important to cur­
rent land based wireless communications systems service 
providers, these issues will be even more important for 
satellite systems (sec FIG. 17) because the footprint of a 
satellite can cover many states or even different small 
countries such as in the European Community, with enor­
mous tax generating capacity. With GPS location devices or 
Loran-e or any other type of location technology used to 
locate the satellite mobile phones, the problem can be 
avoided using the system disclosed herein. The exact geo­
graphic location of each subscriber unit will be carried along 
with voice transmission to allow location of the billing unit 
to be detennined for tax assessment billing. 

The advantages realized by the present invention can also 
be understood by comparing FIGS. 3-S to FIGS. 11-16. 

FIG. 11 shows the identical borders and cells as shown in 
FIG. 4. However, this time omnidirectional antennas are 
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shown which improve coverage but can cause overlap into 
a neighboring system. This overlap can be handled as 
described above by each network having independent inter­
system cells which map the exact geographic location (EGL) 
of the Communications Device (CD) to determine which 
system will service the CP. 

FIG. 13 shows still another configuration which could be 
utilized where borders are concerned. Two or more border­
ing service providers could erect single celJs on or very near 
the border. Since the systems will track the exact geographic 
location (EGL) of each communications device (CD), it will 
know which service provider to connect the Communication 
Process (CP) to. This system uses a routing processor after 
the Communication Process (CP) has been accepted. 

FIG. 14 shows a situation where the cell site from a 
competitive service provider is inside their borders. As 
shown, cell site Z3 is in place in service provider Q's 
territory. Communications Devices which are physically 
located inside territory Z which come up on cell site Z3 
(communication device CD13) will be accepted. Commu­
nication device CD14 which will come up on cell site Z3 
will be redirected to the contml channel of cell site Q2 since 
it lies within territory Q. 

FIG.1S shows the same territory depicted in FIG. 3 which 

16 
that arc identified to pay a certain billing rate in a specified 
geographic area which would constitute an additional loop 
through another look-up table. For example, as indicated in 
FIG. 16, company A has negotiated for an attractive airtime 
rate within its plant's boundaries. This plant also resides in 
school district B which has assessed it own tax. The com­
pany employees will therefore enjoy the attractive rates 
while inside the plant and must pay the school tax on those 
communication processes. But if those employees go 

10 beyond the plant, they will lose the lower rate. For instance, 
communication device CDS may have a low pre-negotiated 
rate, but pay school district B and state P taxes. Communi­
cation device CD9 pays the school district B and state P 
taxes, and communication device CDl 0 pays only the state 

15 tax. Billing is continuously updated no matter where the 
communication process originated as the mobile unit moves. 

Still another application for the technology of this inven­
tion could encompass the switching of a dual frequency 
phone to a second frequency based on exact geographic 

20 location (EGL) of the communication device (CD). An 
example of this would be switching from 800-900MHz to 2 
GHz frequencies used in the upcoming PCS system. lbis 
would be useful for the commuter who wants PCS for his 
Communications Device (CD) in the city and to be able to 

25 roam out of PCS territory into cellular territory. It may even 
come to the time when subscribers are given rate plans that 
correspond to different zones, such as a 2000 foot perimeter 
of their residence which would be billed at a residence rate, 
and be billed at a Home market rate beyond that. Still 

in the prior art had many cells and many border overlap 
issues, which resulted, in prior art systems, in the service 
providers adding smaller cell sites to break up the coverage 
into smaller cells. FIG. 15 shows what can be done with the 
inventive system to reduce the number of cell sites. By 
having fewer cells, they will have to be of higher power 
which allows for better signal strength out at the borders. By 
using the inventive system to manage the Communication 
Process, the correct system will handle communication 
processes even under conditions _of overlapping coverage 
into a neighbor's territory. To illustrate this, the signal values 
are shown in FIGS. 3 and 15 for cell site coverage of cell 
sites A1 and Bl. In the prior art system (FIG. 3), each service 
provider will adjust its cell site to give some predetermined 
signal strength at the border. As an example, this value is 
shown as -5 dB. This value will be as close to the border as 
possible to invoke a hand-off to the neighboring service 
provider (Note, communication device CDS is at signal 
strength levels, A1=-2 dB, B1=-5 dB). However, the 
weaker the signal, the poorer the service such as terminated 
communication processes. However, if a contrast is made 
with the signal strengths in the inventive system, it will be 
found that higher values at the borders can be maintained 
which results in better service. For example, communication 
device CD6 signal strength Al=l dB, Bl=S dB. Since most 
borders are straight lines and wireless communication some- 50 
times propagates in a radial fashion, prior art service pro­
viders cannot simply increase the cell site's power to pm­
vide higher signal strength values at the borders. TI1erefore, 

30 further, when the subscriber enters into the geographic zone 
of his or her employer, the MTSO will forward his business 
communication processes to his communication device 
(CD), all based on his present exact geographic location. 
This could be an important competitive advantage to a 

35 service provider that owned the 900 MHz in one area and the 
2000 MHz rights in a second area. For example, FIG. 16 
shows service provider A, which owns the license to 
2000Mllz in territory 1, the 900 MHz license in territory 2 
and the 2000 MHz license in territory 3. When mobile unit 

40 CDX travels on roadway XR, it will pass through all three 
territories. lbe service provider would like to handle all the 
billing revenue for its subscribers traveling through territory 
2, but does not have the 2000 MHz license in that area. The 
communication device COX is therefore instructed to retune 

45 to 900 MHz in territory 2 because System A does have rights 
to communication processes in territory 2 at the 900 MHz 
frequency. ·Ibis allows System A to bypass System B even 
though the System B is a 2000 MHz service provider 
adjacent to two System A territories. 

TI1e preferred means for establishing exact geographic 
location (EGL) is a satellite communication system such as 
discussed in the incorporated material. However, other 
means, including, but not limited to, triangulation and the 
like, can be used without departing from the scope of the if a provider sets a cell site to hand off at a certain value, it 

will hand-off wherever the signal strength decreases to that 
level, which may be a radial curve, which most times may 
not follow the geographic service. boundaries. 

Therefore, as can be seen from the figures, ifthe provider 
were to increase the signal strength in an area, it may result 

55 present invention. 
It is understood that while certain forms of the present 

invention have been illustrated and described herein, it is not 
to be limited to the specific forms or arrangements of parts 
described and shown. 

in more overlap. This overlap is not a problem with the 60 

inventive system since the service boundaries are mapped to 
the exact geographic location (EGL) of the communications 
device (CD). 

While the present invention has been illustrated by a 
description of various embodiments and while these 
embodiments have been described in considerable detail, it 
is not the intention of the applicants to restrict or in any way 
limit the scope of the appended claims to such detail. An example of another advantage realized with the 

present system is that all communication processes may be 
processed through the tax data base, but the wireless com­
munication system may have a select group of subscribers 

65 Additional advantages and modifications will readily appear 
to those skilled in the art. The invention in its broader 
aspects is therefore not limited to the specific details, rep-
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rcsentative apparatus and method, and illustrative example 
shown and described. Accordingly, departures may be made 
from such details without departing from the spirit or scope 
of applicant's general inventive concept. 

What is claimed is: 
1. A telecommunications system, comprising: 
a data storage system for recording a geographic location 

associated with a mobile unit identification number, 
and 

18 
14. The cellular communications system of claim 13 

wherein said specific mobile unit includes a duplexer. 
15. The cellular communications system of claim 14 

wherein said specific mobile unit includes a GPS receiver 
located between said duplexer and said logic circuitry. 

16. The cellular communications system of claim 9 
wherein said cellular communication network compares said 
exact geographic location to geographic locations of the cell 
sites in the cellular communications network. 

an updating system responsive to an inaccuracy in the 10 

geographic location associated with the mobile unit 
identification number that exceeds an interval defined 

17. The cellular commJ)nications system of claim 16 
wherein said cellular communications network selects a 
chosen cell site for use by said specific mobile unit based on 
said comparison of said exact geographic location to geo­
graphic locations of cell sites, and establishes communica-

by said updating system, and in response thereto updat­
ing said data storage system to identify an updated 
geographic location for said mobile unit identification 
number. 

2. The system of claim 1 wherein 
said mobile unit identification number is associated with 

a mobile communication device, and 
said updating system comprises a positioning system 

obtaining an exact geographic location for a mobile 
communication device, and comparing said exact geo­
gmphic location to a previously determined exact geo­
graphic location and said interval. 

3. The system of claim 2 wherein said mobile communi­
cation device is a cellular telephone. 

4. The system of claim 1 wherein said interval requires 
updating at a preset time interval. 

5. The system of claim 1 wherein said interval requires 
updating according to a distance between the geographic 
location associated with the mobile unit identification num­
ber and a correct geographic location. 

6. The system of claim 1 wherein said interval requires 
updating upon approach or movement across a geographic 
boundary. 

7. The system of claim 6 wherein said geographic bound­
ary is a political boundary between two governmental 
authorities. 

8. The system of claim 6 wherein said geographic bound­
ary is a telecommunications boundary between territories 
a11ocated to different telecommunications services pnwid­
ers. 

9. A cellular communications system comprising: 
a cellular communication network comprising a plurality 

1 s tion between said specific mobile unit and said chosen cell 
site based on the exact geogrdphic location of the specific 
mobile unit. 

18. The cellular communications system of claim 16 
wherein said cellular communication network determines 

20 one of the geographic locations of one of the cell sites using 
a look-up table. 

19. The cellular communications system of claim 9 
wherein said positioning system receives said exact geo­
graphic location from voice and data communication signals 

25 received by said cells shes. 
20. The cellular communications system of claim 9 

wherein said data storage system makes said exact geo­
graphic location accessible for emergency services provi­
sioning. 

30 21. The cellular communications system of claim 9 
wherein said data stomge system makes said exact geo­
graphic location available for one or more of rate, message 
unit, tax, billing or location services provisioning. 

22. The cellular communications system of claim 9 
35 wherein said positioning system makes said exact geo­

graphic location accessible to provide proper services for 
said exact geographic location. 

40 

23. A method of providing a location-based service com­
prising the steps of: 

obtaining a unique mobile identification number from a 
mobile unit via a cellular communication system com­
prising a plurality of networked anteru1as, the mobile 
unit being in mdio contact with at least one of the 

of cell sites and a plurality of mobile units, for radio 45 

frequency communication between said cell sites and 
mobile units, at least one of said cell sites receiving an 
identification of a specific mobile unit, said cellular 
communication network communicating with said spe­
cific mobile unit via a cell site chosen based upon signal 50 
strength, and 

networked antennas; . 
receiving a request for a location-based service from the 

mobile unit; 
acquiring positional data corresponding to an exact geo­

graphic location for the mobile unit via the cellular 
communication system; 

comparing the positional data with stored geogmphic data 
for the location-based service; and a positioning system obtaining a position for said specific 

mobile unit identifying an exact geographic location of 
the specific mobile unit, and forwarding said exact 
geographic location and specific mobile unit identifi- 55 
cation for use in subsequent services. 

10. The cellular communications system of claim 9 
wherein said specific mobile unit transmits a position signal. 

11. The cellular communications system of claim 10 
wherein said specific mobile unit derives said position 60 

through the use of radio frequency positioning signals. 

responding to the request for a location-based service 
based on the comparison. 

24. The method of claim 23, wherein the step of respond­
ing to the request comprises routing a communication 
involving the mobile unit based on the comparison. 

25. The method of claim 24, wherein the request is an 
emergency call. 

26. The method of claim 23, wherein the step of respond­
ing to the request comprises furnishing the positional data. 

27. The method of claim 26, wherein the request is an 
emergency call. 

12. The cellular communications system of claim 11 
wherein said specific mobile unit derives said position 
through the use of a global positioning satellite system. 

13. The cellular communications system of claim 10 
wherein said specific mobile unit comprises a GPS receiver 
connected to logic circuitry in said specific mobile unit. 

28. The method of claim 23, wherein the positional data 
65 is acquired using a global positioning system. 

29. The method of claim 28, wherein the positional data 
is acquired using triangulation. 
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30. The method of claim 23, wherein the positional data 
is acquired using triangulation. 

31. The method of claim 23, wherein the positional data 
is acquired using a system selected from the group consist­
ing of a global positioning system and triangulation. 

20 
32. The method of claim 23, further comprising the step 

of f11rnishing the positional data for usc in the location-based 
service. 

* * * * * 
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INSTRUCTIONS FOR ATTORNEYS COMPLETING CIVIL COVER SHEET FORM JS 44 

Authority For Civil Cover Sheet 

The JS 44 civil cover sheet and the infonnation contained herein neither replaces nor supplements the filings and service of pleading or other papers as required 
by law, except as provided by local rules of court. This fonn, approved by the Judicial Conference of the United States in September 1974, is required for the use 
of the Clerk of Court for the purpose ofinitiating the civil docket sheet. Consequently, a civil cover sheet is submitted to the Clerk of Court for each civil complaint 
filed. The attorney filing a case should complete the fonn as follows: 

I. (a) Plaintiffs-Defendants. Enter names (last, first, middle initial) of plaintiff and defendant. If the plaintiff or defendant is a government agency, use only 
the full name or standard abbreviations. lfthe plaintiff or defendant is an official within a government agency, identify first the agency and then the official, giving 
both name and title. 

(b) County of Residence. For each civil case filed, except U.S. plaintiff cases, enter the name of the county where the first listed plaintiff resides at the time 
of filing. In U.S. plaintiff cases, enter the name of the county in which the first listed defendant resides at the time of filing. (NOTE: In land condemnation cases, 
the county of residence of the "defendant" is the location of the tmct of land involved.) 

(c) Attorneys. Enter the finn name, address, telephone number, and attorney of record. If there are several attorneys, list them on an attachment, noting 
in this section "(see attachment)". 

II. Jurisdiction. The basis of jurisdiction is set forth under Rule 8(a), F.R.C.P., which requires that jurisdictions be shown in pleadings. Place an "X" in one 
of the boxes. If there is more than one basis of jurisdiction, precedence is given in the order shown below. 

United States plaintiff. (1) Jurisdiction based on 28 U.S.C. 1345 and 1348. Suits by agencies and officers ofthe United States are included here. 

United States defendant. (2) When the plaintiff is suing the United States, its officers or agencies, place an "X" in this box. 

Federal question. (3) This refers to suits under 28 U.S.C. 1331, where jurisdiction arises under the Constitution of the United States, an amendment to the 
Constitution, an act of Congress or a treaty of the United States. In cases where the U.S. is a party, the U.S. plaintiff or defendant code takes precedence, and box 
I or 2 should be marked. · 

Diversity of citizenship. ( 4) This refers to suits under 28 U.S.C. 1332, where parties are citizens of different states. When Box 4 is checked, the citizenship of the 
different parties must be checked. (See Section III below; federal question actions take precedence over diversity cases.) 

III. Residence (citizenship) of Principal Parties. This section of the JS 44 is to be completed if diversity of citizenship was indicated above. Mark this section 
for each principal party. 

IV. Nature of Suit. Place an "X" in the appropriate box. If the nature of suit cannot be detennined, be sure the cause of action, in Section VI below, is sufficient 
to enable the deputy clerk or the statistical clerks in the Administrative Office to detennine the nature of suit. If the cause fits more than one nature of suit, select 
the most definitive. 

V. Origin. Place an "X" in one of the seven boxes. 

Original Proceedings. (I) Cases which originate in" the United States district courts. 

Removed from State Court. (2) Proceedings initiated in state courts may be removed to the district courts under Title 28 U.S .C., Section 1441. When the petition 
for removal is gmnted, check this box. 

Remanded from Appellate Court. (3) Check this box for cases remanded to the district court for further action. Use the date of remand as the filing date. 

Reinstated or Reopened. (4) Check this box for cases reinstated or reopened in the district court. Use the reopening date as the filing date. 

Transferred from Another District. (5) For cases transferred under Title 28 U.S.C. Section 1404(a). Do not use this for within district transfers or multidistrict 
litigation transfers. 

Multidistrict Litigation. ( 6) Check this box when a multidistrict case is transferred into the district under authority ofTitle 28 U .S.C. Section 1407. When this box 
is checked, do not check (5) above. 

Appeal to District Judge from Magistrate Judgment. (7) Check this box for an appeal from a magistrate judge's decision. 

VI. Cause of Action. Report the civil statute directly related to the cause of action and give a brief description of the cause. Do not cite jurisdictional statutes 
unless diversity. Example: U.S. Civil Statute: 47 USC 553 

Brief Description: Unauihonzed reception of cable service 

VII. Requested in Complaint. Class Action. Place an "X" in this box if you are filing a class action under Rule 23, F.R.Cv.P. 

Demand. In this space enter the dollar amount (in thousands of dollars) being demanded or indicate other demand such as a preliminary injunction. 

Jury Demand. Check the appropriate box to indicate whether or not a jury is being demanded. 

VIII. Related Cases. This section of the JS 44 is used to reference related pending cases if any. If there are related pending cases, insert the docket numbers 
and the correspondingjudge names for such cases. 

Date and Attorney Signature. Date and sign the civil cover sheet. 


