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

TYLER DIVISION 
 

 
 
 
CELLULAR COMMUNICATIONS 
EQUIPMENT LLC, 
 

Plaintiff, 
 

v. 
 
 
ZTE CORPORATION, ZTE (USA) INC., 
ZTE SOLUTIONS, INC.,  
AT&T INC.,  
AT&T MOBILITY LLC,  
VERIZON COMMUNICATIONS, INC.,  
CELLCO PARTNERSHIP INC. D/B/A 
VERIZON WIRELESS,  
SPRINT NEXTEL CORPORATION,  
SPRINT SOLUTIONS, INC.,  
SPRINT SPECTRUM L.P.,  
BOOST MOBILE, LLC,  
T-MOBILE USA, INC., and  
T-MOBILE US, INC., 
 

Defendants. 
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CIVIL ACTION NO. 6:13-cv-511 

JURY TRIAL DEMANDED 

 

 

 

 

 
PLAINTIFF’S ORIGINAL COMPLAINT  

FOR PATENT INFRINGEMENT 
 

 Plaintiff Cellular Communications Equipment LLC files this Original Complaint against 

ZTE Corporation; ZTE (USA) Inc.; ZTE Solutions, Inc.; AT&T Inc.; AT&T Mobility LLC; 

Verizon Communications, Inc.; Cellco Partnership Inc. d/b/a Verizon Wireless; Sprint Nextel 

Corporation; Sprint Solutions, Inc.; Sprint Spectrum L.P.; Boost Mobile, LLC; T-Mobile USA, 

Inc.; and T-Mobile US, Inc. (collectively, the “Defendants”) for infringement of U.S. Patent No. 

6,819,923 (“the ’9923 patent”), U.S. Patent No. 7,215,962 (“the ’962 patent”), U.S. Patent No. 
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7,941,174 (“the ’174 patent”), U.S. Patent No. 8,055,820 (“the ’820 patent”), and U.S. Patent 

No. 7,218,923 (“the ’8923 patent”). 

THE PARTIES 

1. Cellular Communications Equipment LLC (“CCE”) is a Texas limited liability 

company with its principal place of business in Plano, Texas. 

2. On information and belief, ZTE Corporation is a corporation organized and 

existing under the laws of the People’s Republic of China with its principal place of business in 

ZTE Plaza, Keji Road South, Hi-Tech Industrial Park, Nanshan District, Shenzhen, Guangdong 

Province, P.R. China 518057.  On information and belief, this Defendant may be served with 

process at its principal place of business at ZTE Plaza, Keji Road South, Hi-Tech Industrial 

Park, Nanshan District, Shenzhen, Guangdong Province, P.R. China 518057.  This Defendant 

does business in the State of Texas and in the Eastern District of Texas.  

3. ZTE (USA) Inc. is a New Jersey corporation with its principal place of business 

in Richardson, Texas.  This Defendant may be served with process through its agent, Li Mo, 

4585 Spencer Drive, Plano, Texas 75024.  This Defendant does business in the State of Texas 

and in the Eastern District of Texas. 

4. ZTE Solutions Inc. (with ZTE Corp. and ZTE (USA) Inc., “ZTE”) is a 

Delaware corporation with its principal place of business in Richardson, Texas.  This 

Defendant may be served with process through its agent, Corporation Service Company, 2711 

Centerville Road, Suite 400, Wilmington, Delaware 19808.  This Defendant does business in the 

State of Texas and in the Eastern District of Texas. 

5. AT&T Inc. is a Delaware corporation with its principal place of business in 

Dallas, Texas.  This Defendant may be served with process through its agent, The Corporation 

Case 6:13-cv-00511   Document 1    Filed 06/25/13   Page 2 of 20 PageID #:  2



3 

 

Trust Company, Corporation Trust Center, 1209 Orange Street, Wilmington, Delaware 19801.  

This Defendant does business in the State of Texas and in the Eastern District of Texas. 

6. AT&T Mobility LLC (with AT&T Inc., “AT&T”) is a Delaware limited liability 

company with its principal place of business in Atlanta, Georgia.  This Defendant may be served 

with process through its agent, The Corporation Trust Company, Corporation Trust Center, 1209 

Orange Street, Wilmington, Delaware 19801.  This Defendant does business in the State of 

Texas and in the Eastern District of Texas.   

7. Verizon Communications Inc. is a Delaware corporation with its principal place 

of business in New York, New York.  This Defendant may be served with process through its 

agent, The Corporation Trust Company, Corporation Trust Center, 1209 Orange Street, 

Wilmington, Delaware 19801.  This Defendant does business in the State of Texas and in the 

Eastern District of Texas. 

8. Cellco Partnership Inc. d/b/a Verizon Wireless (with Verizon Communications 

Inc., “Verizon”) is a Delaware general partnership with its principal place of business in Basking 

Ridge, New Jersey.  This Defendant may be served with process through its agent, The 

Corporation Trust Company, Corporation Trust Center, 1209 Orange Street, Wilmington, 

Delaware 19801.  This Defendant does business in the State of Texas and in the Eastern District 

of Texas. 

9. Sprint Nextel Corporation is a Kansas corporation with its principal place of 

business in Overland Park, Kansas.  This Defendant may be served with process through its 

agent, Corporation Service Company, 200 S.W. 30th Street, Topeka, Kansas 66611.  This 

Defendant does business in the State of Texas and in the Eastern District of Texas. 

10. Sprint Solutions, Inc. is a Delaware corporation with its principal place of 

business in Reston, Virginia.  This Defendant may be served with process through its agent, 
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Corporation Service Company, 2711 Centerville Road, Suite 400, Wilmington, Delaware 19808.  

This Defendant does business in the State of Texas and in the Eastern District of Texas. 

11. Sprint Spectrum L.P. is a Delaware limited partnership with its principal place of 

business in Overland Park, Kansas.  This Defendant may be served with process through its 

agent, Corporation Service Company, 2711 Centerville Road, Suite 400, Wilmington, Delaware 

19808.  This Defendant does business in the State of Texas and in the Eastern District of Texas. 

12. Boost Mobile, LLC (with Sprint Nextel Corporation, Sprint Solutions, Inc., and 

Sprint Spectrum L.P., “Sprint”) is a Delaware limited liability company with its principal place 

of business in Irvine, California.  This Defendant may be served with process through its agent, 

Corporation Service Company, 2711 Centerville Road, Suite 400, Wilmington, Delaware 19808.  

This Defendant does business in the State of Texas and in the Eastern District of Texas. 

13. T-Mobile USA, Inc. is a Delaware corporation with a principal place of business 

in Bellevue, Washington.  T-Mobile USA, Inc. maintains a significant presence in Richardson, 

Texas and offers products and services under the T-Mobile and MetroPCS brands.  This 

Defendant may be served with process through its agent, Corporation Service Company, 2711 

Centerville Road, Suite 400, Wilmington, Delaware 19808.  This Defendant does business in the 

State of Texas and in the Eastern District of Texas. 

14. T-Mobile US, Inc. (with T-Mobile USA, Inc., “T-Mobile”) is a Delaware 

corporation with its principal place of business in Bellevue, Washington.  T-Mobile US, Inc. 

maintains a significant presence in Richardson, Texas, and offers products and services under the 

T-Mobile and MetroPCS brands.  This Defendant may be served with process through its agent, 

Corporation Service Company, 2711 Centerville Road, Suite 400, Wilmington, Delaware 19808.  

This Defendant does business in the State of Texas and in the Eastern District of Texas. 
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JURISDICTION AND VENUE 

15. This action arises under the patent laws of the United States, namely 35 U.S.C. §§ 

271, 281, and 284-285, among others.   

16. This Court has subject matter jurisdiction pursuant to 28 U.S.C. §§ 1331 and 

1338(a), and 1367. 

17. Venue is proper in this judicial district pursuant to 28 U.S.C. §§ 1391(b) and (c), 

and 1400(b).  On information and belief, each Defendant is deemed to reside in this judicial 

district, has committed acts of infringement in this judicial district, has purposely transacted 

business in this judicial district, and/or has regular and established places of business in this 

judicial district. 

18. On information and belief, each Defendant is subject to this Court’s specific and 

general personal jurisdiction pursuant to due process and/or the Texas Long Arm Statute, due at 

least to their substantial business in this State and judicial district, including: (A) at least part of 

their infringing activities alleged herein; and (B) regularly doing or soliciting business, engaging 

in other persistent conduct, and/or deriving substantial revenue from goods sold and services 

provided to Texas residents. 

COUNT I 

(INFRINGEMENT OF U.S. PATENT NO. 6,819,923) 

19. CCE incorporates paragraphs 1 through 18 herein by reference. 

20. CCE is the assignee of the ’9923 patent, entitled “Method for Communication of 

Neighbor Cell Information,” with ownership of all substantial rights in the ’9923 patent, 

including the right to exclude others and to enforce, sue and recover damages for past and future 

infringements.  A true and correct copy of the ’9923 patent is attached as Exhibit A. 
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21. The ’9923 patent is valid, enforceable and was duly issued in full compliance with 

Title 35 of the United States Code. 

22. Defendants ZTE, AT&T, and T-Mobile have and continue to directly infringe one 

or more claims of the ’9923 patent in this judicial district and elsewhere in Texas and the United 

States, including at least claim 11, by, among other things, making, using, offering for sale, 

selling and/or importing ZTE mobile devices, including, for example:  the ZTE Avail, the ZTE 

Z221 GoPhone, and the ZTE Z431 GoPhone, sold or otherwise distributed by or through AT&T 

(the “’9923 AT&T Mobile Devices”); and the ZTE Aspect, the ZTE Concord, the ZTE T-Mobile 

4G Hotspot, and the ZTE T-Mobile Sonic 2.0 Mobile Hotspot, sold or otherwise distributed by 

or through T-Mobile (the “’9923 T-Mobile Mobile Devices”).  These devices are collectively 

referred to as the “’9923 ZTE Devices.” 

23. Defendants directly infringe the apparatus claims of the ’9923 patent by making, 

offering to sell, selling, and/or importing the ’9923 ZTE Devices.  Defendants are thereby liable 

for direct infringement.   

24. On information and belief, each Defendant is a 3GPP member organization, or is 

affiliated with a 3GPP member organization, and has known of the ’9923 patent at least as early 

as April 2010, when it was disclosed to 3GPP via the European Telecommunications Standards 

Institute (“ETSI,” an organizational member of 3GPP).   

25. On information and belief, despite having knowledge of the ’9923 patent and 

knowledge that they are directly infringing one or more claims of the ’9923 patent, Defendants 

named in this Count have nevertheless continued their infringing conduct and disregarded an 

objectively high likelihood of infringement; thus, Defendants’ infringing activities relative to the 

’9923 patent have been, and continue to be, willful, wanton and deliberate in disregard of CCE’s 

rights. 
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26. On information and belief, ZTE and AT&T test, make, use, offer for sale, sell, 

and/or import ’9923 AT&T Mobile Devices described in this Count, pursuant to one or more 

contractual agreements between them relating to, at least, the distribution and sale of such 

devices.  Accordingly, ZTE and AT&T are jointly, severally, or alternatively liable for 

infringements described in this Count. 

27. On information and belief, ZTE and T-Mobile test, make, use, offer for sale, sell, 

and/or import ’9923 T-Mobile Mobile Devices described in this Count, pursuant to one or more 

contractual agreements between them relating to, at least, the distribution and sale of such 

devices.  Accordingly, ZTE and T-Mobile are jointly, severally, or alternatively liable for 

infringements described in this Count. 

28. CCE has been damaged as a result of Defendants’ infringing conduct described in 

this Count.  Defendants are, thus, liable to CCE in an amount that adequately compensates it for 

their 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 U.S. PATENT NO. 7,215,962) 

29. CCE incorporates paragraphs 1 through 18 herein by reference. 

30. CCE is the assignee of the ’962 patent, entitled “Method for an Intersystem 

Connection Handover,” with ownership of all substantial rights in the ’962 patent, including the 

right to exclude others and to enforce, sue and recover damages for past and future 

infringements.  A true and correct copy of the ’962 patent is attached as Exhibit B. 

31. The ’962 patent is valid, enforceable and was duly issued in full compliance with 

Title 35 of the United States Code. 
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32. Defendants ZTE, AT&T, Verizon, Sprint, and T-Mobile have and continue to 

directly and/or indirectly infringe (by inducing infringement and/or contributing to infringement) 

one or more claims of the ’962 patent in this judicial district and elsewhere in Texas and the 

United States, including at least claims 1, 2, 11, 12, and 13, by, among other things, making, 

using, offering for sale, selling and/or importing ZTE mobile devices, including, for example: the 

ZTE Z221 GoPhone, the ZTE Z431 GoPhone, and the ZTE Avail, sold or otherwise distributed 

by or through AT&T (the “’962 AT&T Mobile Devices”); the ZTE Jetpack 4G LTE Mobile 

Hotspot 890L, sold or otherwise provided by Verizon (the “’962 Verizon Mobile Devices”); the 

ZTE Force and the ZTE Flash, sold or otherwise distributed by or through Sprint (the “’962 

Sprint Mobile Devices”); and the ZTE Anthem 4G, the ZTE Avid 4G, the ZTE Aspect, the ZTE 

Concord, the ZTE T-Mobile 4G Hotspot, and the ZTE T-Mobile Sonic 2.0 Mobile Hotspot, sold 

or otherwise distributed by or through T-Mobile (the “’962 T-Mobile Mobile Devices”).  These 

devices are collectively referred to as the “’962 ZTE Devices.”    

33. Defendants directly infringe the apparatus claims of the ’962 patent by making, 

offering to sell, selling, and/or importing the ’962 ZTE Devices.  Defendants also directly 

infringe the ’962 patent by using the ’962 ZTE Devices to practice the claimed methods.  

Defendants are thereby liable for direct infringement.   

34. Additionally, Defendants are liable for indirect infringement of the ’962 patent 

because they induce and/or contribute to the direct infringement of the patent by their customers 

and other end users who use the ’962 ZTE Devices to practice the claimed methods.  

35. On information and belief, each Defendant is a 3GPP member organization, or is 

affiliated with a 3GPP member organization, and has known of the ’962 patent at least as early as 

December 2010, when it was disclosed to 3GPP via ETSI.   
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36. On information and belief, despite having knowledge of the ’962 patent, 

Defendants named in this Count have and continue to specifically intend for persons who acquire 

and use such devices, including Defendants’ customers, to use such devices in a manner that 

infringes the ’962 patent, including at least claims 1, 2, 11, 12, and 13.  Defendants knew or 

should have known that their actions — including instructing customers and end users regarding 

use of the ’962 ZTE Devices — have and continue to actively induce infringement. 

37. On information and belief, Defendants named in this Count have known and 

know that their products accused of infringing (and/or components thereof) are a material part of 

the inventions of the ’962 patent, are especially made and/or adapted for use in infringing the 

’962 patent, and are not staple articles or commodities of commerce suitable for substantial non-

infringing use. 

38. On information and belief, despite having knowledge of the ’962 patent and 

knowledge that they are directly and/or indirectly infringing one or more claims of the ’962 

patent, Defendants named in this Count have nevertheless continued their infringing conduct and 

disregarded an objectively high likelihood of infringement; thus, Defendants’ infringing 

activities relative to the ’962 patent have been, and continue to be, willful, wanton and deliberate 

in disregard of CCE’s rights. 

39. On information and belief, ZTE and AT&T test, make, use, offer for sale, sell, 

and/or import the ’962 AT&T Mobile Devices described in this Count, pursuant to one or more 

contractual agreements between them relating to, at least, the distribution and sale of such 

devices.  Accordingly, ZTE and AT&T are jointly, severally, or alternatively liable for 

infringements described in this Count. 

40. On information and belief, ZTE and Verizon test, make, use, offer for sale, sell, 

and/or import the ’962 Verizon Mobile Devices described in this Count, pursuant to one or more 
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contractual agreements between them relating to, at least, the distribution and sale of such 

devices.  Accordingly, ZTE and Verizon are jointly, severally, or alternatively liable for 

infringements described in this Count. 

41. On information and belief, ZTE and Sprint test, make, use, offer for sale, sell, 

and/or import the ’962 Sprint Mobile Devices described in this Count, pursuant to one or more 

contractual agreements between them relating to, at least, the distribution and sale of such 

devices.  Accordingly, ZTE and Sprint are jointly, severally, or alternatively liable for 

infringements described in this Count. 

42. On information and belief, ZTE and T-Mobile test, make, use, offer for sale, sell, 

and/or import the ’962 T-Mobile Mobile Devices described in this Count, pursuant to one or 

more contractual agreements between them relating to, at least, the distribution and sale of such 

devices.  Accordingly, ZTE and T-Mobile are jointly, severally, or alternatively liable for 

infringements described in this Count. 

43. CCE has been damaged as a result of Defendants’ infringing conduct described in 

this Count.  Defendants are, thus, liable to CCE in an amount that adequately compensates it for 

their 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 U.S. PATENT NO. 7,941,174) 

44. CCE incorporates paragraphs 1 through 18 herein by reference. 

45. CCE is the assignee of the ’174 patent, entitled “Method for Multicode 

Transmission by a Subscriber Station,” with ownership of all substantial rights in the ’174 patent, 

including the right to exclude others and to enforce, sue and recover damages for past and future 

infringements.  A true and correct copy of the ’174 patent is attached as Exhibit C. 
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46. The ’174 patent is valid, enforceable and was duly issued in full compliance with 

Title 35 of the United States Code. 

47. Defendants ZTE, AT&T, and T-Mobile have and continue to directly and/or 

indirectly infringe (by inducing infringement and/or contributing to infringement) one or more 

claims of the ’174 patent in this judicial district and elsewhere in Texas and the United States, 

including at least claims 1, 6, 9, 14, 18, and 19, by, among other things, making, using, offering 

for sale, selling and/or importing ZTE mobile devices, including, for example:  the ZTE Avail, 

the ZTE Z221 GoPhone, and the ZTE Z431 GoPhone, sold or otherwise distributed by or 

through AT&T (the “’174 AT&T Mobile Devices”); and the ZTE Concord, the ZTE T-Mobile 

4G Hotspot, and the ZTE T-Mobile Sonic 2.0 Mobile Hotspot, sold or otherwise distributed by 

or through T-Mobile (the “’174 T-Mobile Mobile Devices”).  These devices are collectively 

referred to as the “’174 ZTE Devices.”   

48. Defendants directly infringe the apparatus claims of the ’174 patent by making, 

offering to sell, selling, and/or importing the ’174 ZTE Devices.  Defendants also directly 

infringe the ’174 patent by using the ’174 ZTE Devices to practice the claimed methods.  

Defendants are thereby liable for direct infringement.   

49. Additionally, Defendants are liable for indirect infringement of the ’174 patent 

because they induce and/or contribute to the direct infringement of the patent by their customers 

and other end users who use the ’174 ZTE Devices to practice the claimed methods.    

50. On information and belief, each Defendant is a 3GPP member organization, or is 

affiliated with a 3GPP member organization, and has known of the ’174 patent at least as early as 

August 2010, when it was disclosed to 3GPP via ETSI.   

51. On information and belief, despite having knowledge of the ’174 patent, 

Defendants named in this Count have and continue to specifically intend for persons who acquire 
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and use such devices, including Defendants’ customers, to use such devices in a manner that 

infringes the ’174 patent, including at least claims 1, 6, 9, 14, 18, and 19.  Defendants knew or 

should have known that their actions — including instructing customers and end users regarding 

use of the ’174 ZTE Devices — have and continue to actively induce infringement. 

52. On information and belief, Defendants named in this Count have known and 

know that their products accused of infringing (and/or components thereof) are a material part of 

the inventions of the ’174 patent, are especially made and/or adapted for use in infringing the 

’174 patent, and are not staple articles or commodities of commerce suitable for substantial non-

infringing use.  

53. On information and belief, despite having knowledge of the ’174 patent and 

knowledge that they are directly and/or indirectly infringing one or more claims of the ’174 

patent, Defendants named in this Count have nevertheless continued their infringing conduct and 

disregarded an objectively high likelihood of infringement; thus, Defendants’ infringing 

activities relative to the ’174 patent have been, and continue to be, willful, wanton and deliberate 

in disregard of CCE’s rights. 

54. On information and belief, ZTE and AT&T test, make, use, offer for sale, sell, 

and/or import the ’174 AT&T Mobile Devices described in this Count, pursuant to one or more 

contractual agreements between them relating to, at least, the distribution and sale of such 

devices.  Accordingly, ZTE and AT&T are jointly, severally, or alternatively liable for 

infringements described in this Count. 

55. On information and belief, ZTE and T-Mobile test, make, use, offer for sale, sell, 

and/or import the ’174 T-Mobile Mobile Devices described in this Count, pursuant to one or 

more contractual agreements between them relating to, at least, the distribution and sale of such 
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devices.  Accordingly, ZTE and T-Mobile are jointly, severally, or alternatively liable for 

infringements described in this Count. 

56. CCE has been damaged as a result of Defendants’ infringing conduct described in 

this Count.  Defendants are, thus, liable to CCE in an amount that adequately compensates it for 

their 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 IV 

(INFRINGEMENT OF U.S. PATENT NO. 8,055,820) 

57. CCE incorporates paragraphs 1 through 18 herein by reference. 

58. CCE is the assignee of the ’820 patent, entitled “Apparatus, System, and Method 

for Designating a Buffer Status Reporting Format Based on Detected Pre-Selected Buffer 

Conditions,” with ownership of all substantial rights in the ’820 patent, including the right to 

exclude others and to enforce, sue and recover damages for past and future infringements.  A true 

and correct copy of the ’820 patent is attached as Exhibit D. 

59. The ’820 patent is valid, enforceable and was duly issued in full compliance with 

Title 35 of the United States Code. 

60. Defendants ZTE, Verizon, Sprint, and T-Mobile have and continue to directly 

and/or indirectly infringe (by inducing infringement and/or contributing to infringement) one or 

more claims of the ’820 patent in this judicial district and elsewhere in Texas and the United 

States, including at least claims 1, 4, 5, 7, 8, 9, 10, 12, 15, 16, 18, 19, 20, and 21, by, among 

other things, making, using, offering for sale, selling and/or importing ZTE mobile devices, 

including, for example:  the ZTE Jetpack 4G LTE Mobile Hotspot 890L, sold or otherwise 

distributed by or through Verizon (the “’820 Verizon Mobile Devices”); the ZTE Force and the 

ZTE Flash, sold or otherwise distributed by or through Sprint (the “’820 Sprint Mobile 
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Devices”); and the ZTE Anthem 4G, the ZTE Avid 4G, and the ZTE T-Mobile Sonic 2.0 Mobile 

Hotspot, sold or otherwise distributed by or through T-Mobile (the “’820 T-Mobile Mobile 

Devices”).  These devices are collectively referred to as the “’820 ZTE Devices.”   

61. Defendants directly infringe the apparatus claims of the ’820 patent by making, 

offering to sell, selling, and/or importing the ’820 ZTE Devices.  Defendants also directly 

infringe the ’820 patent by using the ’820 ZTE Devices to practice the claimed methods.  

Defendants are thereby liable for direct infringement.   

62. Additionally, Defendants are liable for indirect infringement of the ’820 patent 

because they induce and/or contribute to the direct infringement of the patent by their customers 

and other end users who use the ’820 ZTE Devices to practice the claimed methods.  

63. On information and belief, each Defendant is a 3GPP member organization, or is 

affiliated with a 3GPP member organization, and has known of the ’820 patent at least as early as 

June 2009, when it was disclosed to 3GPP via ETSI.   

64. On information and belief, despite having knowledge of the ’820 patent, 

Defendants named in this Count have and continue to specifically intend for persons who acquire 

and use such devices, including Defendants’ customers, to use such devices in a manner that 

infringes the ’820 patent, including at least claims 1, 4, 5, 7, 8, 9, 10, 12, 15, 16, 18, 19, 20, and 

21.  Defendants knew or should have known that their actions — including instructing customers 

and end users regarding use of the ’820 ZTE Devices — have and continue to actively induce 

infringement. 

65. On information and belief, Defendants named in this Count have known and 

know that their products accused of infringing (and/or components thereof) are a material part of 

the inventions of the ’820 patent, are especially made and/or adapted for use in infringing the 
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’820 patent, and are not staple articles or commodities of commerce suitable for substantial non-

infringing use.  

66. On information and belief, despite having knowledge of the ’820 patent and 

knowledge that they are directly and/or indirectly infringing one or more claims of the ’820 

patent, Defendants named in this Count have nevertheless continued their infringing conduct and 

disregarded an objectively high likelihood of infringement; thus, Defendants’ infringing 

activities relative to the ’820 patent have been, and continue to be, willful, wanton and deliberate 

in disregard of CCE’s rights. 

67. On information and belief, ZTE and Verizon test, make, use, offer for sale, sell, 

and/or import the ’820 Verizon Mobile Devices described in this Count, pursuant to one or more 

contractual agreements between them relating to, at least, the distribution and sale of such 

devices.  Accordingly, ZTE and Verizon are jointly, severally, or alternatively liable for 

infringements described in this Count. 

68. On information and belief, ZTE and Sprint test, make, use, offer for sale, sell, 

and/or import the ’820 Sprint Mobile Devices described in this Count, pursuant to one or more 

contractual agreements between them relating to, at least, the distribution and sale of such 

devices.  Accordingly, ZTE and Sprint are jointly, severally, or alternatively liable for 

infringements described in this Count. 

69. On information and belief, ZTE and T-Mobile test, make, use, offer for sale, sell, 

and/or import the ’820 T-Mobile Mobile Devices described in this Count, pursuant to one or 

more contractual agreements between them relating to, at least, the distribution and sale of such 

devices.  Accordingly, ZTE and T-Mobile are jointly, severally, or alternatively liable for 

infringements described in this Count. 
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70. CCE has been damaged as a result of Defendants’ infringing conduct described in 

this Count.  Defendants are, thus, liable to CCE in an amount that adequately compensates it for 

their 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 V 

(INFRINGEMENT OF U.S. PATENT NO. 7,218,923) 

71. CCE incorporates paragraphs 1 through 18 herein by reference. 

72. CCE is the assignee of the ’8923 patent, entitled “Control of Terminal 

Applications in a Network Environment,” with ownership of all substantial rights in the ’8923 

patent, including the right to exclude others and to enforce, sue and recover damages for past and 

future infringements.  A true and correct copy of the ’8923 patent is attached as Exhibit E. 

73. The ’8923 patent is valid, enforceable and was duly issued in full compliance with 

Title 35 of the United States Code. 

74. Defendants ZTE, Sprint, and T-Mobile have and continue to directly infringe one 

or more claims of the ’8923 patent in this judicial district and elsewhere in Texas and the United 

States, including at least claims 24 and 26, by, among other things, making, using, offering for 

sale, selling and/or importing ZTE mobile devices, including, for example:  the ZTE Force, the 

ZTE Flash, and the ZTE Warp Sequent, sold or otherwise distributed by or through Sprint (the 

“’8923 Sprint Mobile Devices”), and the ZTE Avid 4G, sold or otherwise distributed by or 

through T-Mobile (the “’8923 T-Mobile Mobile Devices”).  These devices are collectively 

referred to as the “’8923 ZTE Devices.” 

75. Defendants directly infringe the apparatus claims of the ’8923 patent by making, 

offering to sell, selling, and/or importing the ’8923 ZTE Devices.  Defendants are thereby liable 

for direct infringement.   
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76. On information and belief, ZTE and Sprint test, make, use, offer for sale, sell, 

and/or import ’8923 Sprint Mobile Devices described in this Count, pursuant to one or more 

contractual agreements between them relating to, at least, the distribution and sale of such 

devices.  Accordingly, ZTE and Sprint are jointly, severally, or alternatively liable for 

infringements described in this Count. 

77. On information and belief, ZTE and T-Mobile test, make, use, offer for sale, sell, 

and/or import ’8923 T-Mobile Mobile Devices described in this Count, pursuant to one or more 

contractual agreements between them relating to, at least, the distribution and sale of such 

devices.  Accordingly, ZTE and T-Mobile are jointly, severally, or alternatively liable for 

infringements described in this Count. 

78. CCE has been damaged as a result of Defendants’ infringing conduct described in 

this Count.  Defendants are, thus, liable to CCE in an amount that adequately compensates it for 

their 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. 

JOINDER OF PARTIES 

79. CCE incorporates paragraphs 1 through 78 herein by reference. 

80. On information and belief, AT&T, Verizon, Sprint, and T-Mobile have each 

purchased or otherwise acquired from ZTE certain mobile devices for sale, resale, and/or 

distribution to their customers (and other end users) that are the subject of Counts I through V (or 

some subset thereof).  Thus, for these Counts, the right to relief against AT&T, Verizon, Sprint, 

and/or T-Mobile is asserted jointly and severally with ZTE. 

81. The alleged infringements set forth in Counts I through V arise out of the same 

transaction, occurrence, or series of transactions or occurrences relating to the testing, making, 
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using, offering for sale, selling, and/or importing of the ZTE mobile devices made the subject of 

Counts I through V. 

82. Questions of fact common to all Defendants will arise in this action including, for 

example, infringement by, or through use of, ZTE mobile devices. 

83. Thus, joinder of ZTE, AT&T, Verizon, Sprint, and T-Mobile is proper in this 

litigation pursuant to 35 U.S.C. § 299(a). 

JURY DEMAND 

CCE hereby requests a trial by jury pursuant to Rule 38 of the Federal Rules of Civil 

Procedure. 

PRAYER FOR RELIEF 

 CCE requests that the Court find in its favor and against Defendants, and that the Court 

grant CCE the following relief: 

a. Judgment that one or more claims of the ’9923, ’962, ’174, ’820, and ’8923 
patents have been infringed, either literally and/or under the doctrine of 
equivalents, by Defendants and/or by others whose infringements have been 
induced by Defendants and/or by others to whose infringements Defendants have 
contributed; 

b. Judgment that Defendants account for and pay to CCE all damages to and costs 
incurred by CCE because of Defendants’ infringing activities and other conduct 
complained of herein; 

c. Judgment that Defendants account for and pay to CCE a reasonable, ongoing, 
post-judgment royalty because of Defendants’ infringing activities and other 
conduct complained of herein; 

d. That Defendants’ infringements relative to the ’9923, ’962, ’174, and/or ’820 
patents be found willful from the time that Defendants became aware of the 
infringing nature of their products, and that the Court award treble damages for 
the period of such willful infringement pursuant to 35 U.S.C. § 284; 

e. That CCE be granted pre-judgment and post-judgment interest on the damages 
caused by Defendants’ infringing activities and other conduct complained of 
herein; and 
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f. That CCE be granted such other and further relief as the Court may deem just and 
proper under the circumstances. 
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quency parameter values relative to the first, or as in a 
further embodiment, relative to the previous frequency 
parameter value. Such ways of representing frequency val
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METHOD FOR COMMUNICATION OF 
NEIGHBOR CELL INFORMATION 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This is a U.S. national stage of application under 35 
U.S.c. §371 of international stage application No. PCT/ 
FI99/01048, filed on Dec. 16, 1999. Priority is claimed 
under 35 U.S.c. §119(a) and 35 U.S.C §365(b) from Finnish 
patent application No. 982726, filed on Dec. 16, 1998, from 
which priority was properly claimed in the aforementioned 
international stage application. 

TECHNICAL FIELD OF THE INVENTION 

Background of the Invention 

In the present GSM (Global System for Mobile 
communications) system, the network informs from time to 
time each mobile station about the base stations nearby the 
mobile station. The network performs this informing by 
sending a so called neighbor list to the mobile station, which 
neighbor list recites the basic parameters of the neighboring 
cells, such as the base station identity code (BSIC) of the 
base stations of the cells, the BCCH (Broadcast Control 
Channel) frequency, and several other parameters. 

FIG. 1 illustrates a part of the structure of a GSM network. 
FIG. 1 shows a mobile station (MS) 10, base stations (BS) 
20, and base station controllers (BSC) 30. For clarity, areas 
of the cells corresponding to the base stations and other 
network elements of a GSM network are not illustrated in 
FIG. 1. The neighboring cells are simply the cells lying 
nearby the mobile station. One possible selection of neigh
boring cells is marked with a rectangle 25 in FIG. 1. 

The network 20, 30 informs the mobile station 10 about 
the neighboring cells in a message, which recites the cell 
parameters for each neighboring cell. The resulting message 
may be long, if the number of neighboring cells is large. 
According to the present GSM specifications, the maximum 
number of cells reported in a neighbor cell information 
message is 16. Due to the length of the message, the 
transmission time required to transmit the message is long, 
which results in a relatively large usage of signaling channel 
capacity for only this purpose. Also, during the transmission 
of the message the receiver of the mobile station receiving 
the message has to receive the message, whereby the length 

2 
SUMMARY OF THE INVENTION 

An object of the invention is to realize a method which 
allows shortening the time required for the communication 
of a neighbor cell information message. An object of the 

5 invention is also to realize a method of communicating 
neighbor cell information reserving the receiver of a mobile 
station for a shorter time than in the prior art. A further object 
of the invention is to save the transmission capacity of 
signaling channels used for transmitting neighbor cell infor-

10 mation messages. 

15 

The objects are reached by identifying redundant infor
mation in the neighbor cell information message, and 
removing at least a part of the redundancy by specifying the 
repeating values of at least one parameter only once. 

According to the invention, a list of neighbor cell infor-
mation is communicated to a mobile station in compressed 
form. Preferably, the neighbor cell information list is trans
mitted in such a way, that a table reciting parameter values 
in use by the neighboring cells, and for each of these cells, 

20 each value listed in the table is represented by a pointer such 
as an index to the table. In this way, same parameter values 
do not need to be repeated for each cell using the same 
values. The neighbor cell information list can be further 
compressed by expressing a first frequency parameter value 
in the normal way, but expressing further frequency param-

25 eter values relative to the first, or as in a further embodiment, 
relative to the previous frequency parameter value. Such 
ways of representing frequency values allow the use of 
fewer bits to represent the frequency values. 

30 The inventive method of constructing a neighbor cell 
information message is advantageous, since the inventors 
have made the insightful observation, that neighboring base 
stations quite commonly have largely similar operation 
parameters, which results in the repeating of same parameter 

35 values for a plurality of cells in a neighbor cell information 
message. The length of a neighbor cell information message, 
and time and transmission capacity required for sending 
such a message can be considerably shortened by removing 
at least some of the redundancy of information in the 

40 neighbor cell information message by specifying at least 
some repetitive values only once, and replacing the occur
rences of the value with a pointer to the single specification 
of the value. The inventive method of constructing a neigh
bor cell information message also allows the describing of 

45 more cells in a neighbor cell information message than in 
prior art, since the compressed message format allows the 
increasing of the number of base station described in the 
message without unduly increasing the length of the mes
sage. 

of the message affects considerably the receiving capacity of 
the mobile station. The length of the message also makes it 
impractical to increase the number of cells described in a 
neighbor cell information message, which would be advan
tageous especially in those locations of the network, in 50 

which a large number of cells are available to a mobile 
station or may become available to the mobile station due to 
movement of the mobile station. If the repetition frequency 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is described in more detail in the following 
with reference to the accompanying drawings, of which 

FIG. 1 illustrates the structure of a cellular telecommu
nication network and the concept of neighbor cells, 

of sending the message would be decreased, the length of the 
message could be increased, but in that case, the mobile 55 

stations would receive the message less often, which could 
cause other difficulties. These problems are presently 
increasing in severity due to the present trend in the cellular 
telecommunication systems towards decreasing the area of 
cells due to increasing data rates, whereby the increasing of 60 

the number of cells described in a neighbor cell information 
message is desired. This trend is driven by the development 
of high data rate services and packet data services, such as 
the GPRS (General Packet Radio Service) system. 

The transmitted parameters and structure of a neighbor 65 

cell information message is described in more detail in the 
GSM 04.08 specification. 

FIG. 2 illustrates the structure of a message for transmit
ting neighbor cell list information according to an advanta
geous embodiment of the invention, 

FIGS. 3 and 4 illustrate the structure of two fields in the 
message illustrated in FIG. 2, 

FIG. 5 illustrates the structure of a field shown in FIG. 3, 
FIG. 6 illustrates a system according to an advantageous 

embodiment of the invention, and 
FIG. 7 illustrates a mobile communication means accord

ing to an advantageous embodiment of the invention. 
Same reference numerals are used for similar entities in 

the figures. 
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DETAILED DESCRIPTION 

A. Compression of Neighbor Cell Information List 

4 
which of the two methods allows representation of the 
frequency data in a smaller amount of bits. 

According to the invention, the neighbor cell information 5 

is transmitted to mobile stations in compressed form by 
reducing the amount of redundant information transmitted. 

C. An Example of a Compressed Format 

FIGS. 2, 3, 4, and 5 illustrate a method of communicating 
a neighboring cell information list according to an advan
tageous embodiment of the invention. These figures illus
trate the structure of a message used to communicate neigh
boring cell information from the network to a mobile station. 

In an advantageous embodiment of the invention, those 
pieces of information which are repeated for a plurality of 
cells in the neighbor cell information list are recited in a 
table or some other suitable data structure, and pointers such 
as indexes to the table are used in the places of pieces of 
redundant information. 

In an advantageous embodiment, such a table contains 
different values for one parameter. For example, if a certain 
parameter value is used in more than one cells, values of the 
particular parameter used in the neighboring cells are placed 
in a table, and references to a value of this parameter are 
replaced by a pointer such as an index to the table, which 
pointer specifies which of the entries in the table is to be 
used. Such a table is created for each parameter, which has 
at least one value repeating in more than one cell. 

10 
FIG. 2 illustrates the general structure of a neighboring 

cell information message 200. The message 200 comprises 
a plurality of fields. The first field 205 is a message type 
field, which is used to indicate the message type, in this case 

15 that the message is a neighboring cell information message. 
Following this field, there may be zero, one, or more 210 
fields which are specific to a single message. These fields 
may contain message-specific parameters, for example. The 
message further comprises one or more pairs of NEIGH-

20 BOR SET INFO 215 and COMMON VALUES 220 fields. 

In a further embodiments of the invention, groups of 
parameters can be stored in a table. Such an embodiment is 
advantageous, if certain parameter value combinations are 25 

repeated in a plurality of cells in the neighboring cells. 

Both of these fields contain a structure of fields, which 
structures are described further with reference to FIGS. 3, 4, 
and 5. In this specification, the term neighbor set refers to a 
set of neighbor cells. A neighbor cell set may cover all 
neighbor cells, or only some of them. The concept of a 
neighbor set is used for convenience: it is advantageous to 
group neighbor cells with similar parameters into one or 
more groups in order to specify the neighbor cell informa
tion in a minimum amount of bits. These groups are referred 

B. Specification of Frequency Values 

In an advantageous embodiment of the invention, the 30 

transmission capacity required for the transmission of a 
neighboring cell information list is further reduced by speci
fying a plurality of frequency values in a relative way, 
instead of reciting each value in full. 

to as neighbor sets in this specification. 

FIG.3 illustrates an example of the structure of a NEIGH
BOR SET INFO field 215, which specifies the information 
of the cells in a single neighbor set. The field comprises a 
STARTING FREQ field 230, which specifies the frequency 

In a first example, the frequency values can be specified 
by specifying a first frequency value F 0 in fill, and subse
quent frequency values relative to the first frequency value, 
i.e. by specifying the difference Mn of the frequency value 
F n to the first frequency value F o' Subsequently, the actual 
frequency values can be obtained by adding the difference to 
the first frequency value, i.e. Fl =Fo+ll.f1 , F2 =Fo+ll.f2 , and so 
on. This method of specifying the frequency values is 
advantageous, when the specified frequency values are not 
far apart, since in that case, a small number of bits is enough 
to represent the difference values. 

In a second example, the frequency values can be speci
fied by specifying a first frequency value Fo, and for 
subsequent frequency values, the difference to the previous 
frequency value. Subsequently, the actual frequency values 
can be obtained in the following way: 

35 F 0 described previously, i.e. the BCCH frequency of the first 
cell of the current neighbor set. The next field 235 specifies 
the number M of cells in the current neighbor set. The FREQ 
DIFF LENGTH field 240 specifies the number of bits used 
to specify the frequency differences Mn, and the FREQ 

40 DIFF TYPE field 245 specifies, which of the available 
methods for specifying frequencies is used. The frequencies 
can be specified for example using either of the methods 
specified previously in section B of this specification. 
Further, it is also possible to specify the frequencies in the 

45 normal way, i.e. by specifying the frequencies in full in the 
same way as the frequency Fo, in which case the FREQ 
DIFF LENGTH field 240 should specify the number of bits 
needed to store a frequency value, and the FREQ DIFF 
TYPE field 245 should contain a predetermined value indi-

50 cating that the frequency values are normal values, i.e. not 
relative values. After these fields, the NEIGHBOR SET 
INFO field 215 comprises M pairs of fields 250, 255, each 
pair specifying the information of a single cell. The first field 
of the field pair, namely the FREQ DIFFxfield 250 specifies 

55 the BCCH frequency of the cell in the way specified in the 
FREQ DIFF TYPE field 245. The CELLxINFO field 255 

and so on. This second example of a way of specifying 
frequency values performs better than the first when the 
frequency values cover a relatively wide range, since the 
cumulative calculation principle still allows the representa - 60 

tion of the frequency value differences with a small number 

recites the rest of the cell information of the particular cell. 
The CELLxINFO field 255 is also a structured field com
prising a plurality of fields. The structure of the CELLx 
INFO field 255 is described later in this specification with 
reference to FIG. 5. 

of bits. 
In an advantageous embodiment of the invention, either 

of the first and the second examples ways of specifying 
frequency values can be used. Advantageously, the fre
quency value specification method is chosen based on the 
distribution of frequencies to be specified, i.e. based on 

FIG. 4 illustrates the structure of a COMMON VALUES 
field 220. The field comprises PARAMETERxVALUE LIST 
fields 222, each reciting those values of a certain parameter 

65 which values are used in the cells of the current neighbor set. 
There may be N such fields in a COMMON VALUES field 
220, the number N being any integer equal to or larger than 
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one. The invention is not limited to using any specific 
particular data structure such as a list structure in a 
PARAMETERxVALUE LIST, since a set of values can be 
stored in many different ways using many different data 
structures. 

FIG. 5 illustrates the structure of a CELLxINFO field 255. 
5 

6 
arranged to output the value of the parameter when the value 
is not one of said identified values, and to output information 
specifying an element of said set, when the value is one of 
said identified values. 

Preferably the means 310, 320, and 330 are realized using 
software programs stored in a memory element of a control 
unit of the network element such as a BSC, the programs 
being executed by a microprocessor of the control unit. 

The inventive system can advantageously be imple-
10 mented in a base station controller (BSC). However, the 

invention is not limited to implementation in a BSC, since 
the system can also be implemented in other network 
elements. 

This field specifies the information concerning a single 
neighbor cell. The CELLxINFO field 255 comprises a BSIC 
field 256, which specifies the BSI C (base station identity 
code) of the cell. In addition to the BSIC field 256, the 
CELLxINFO field 255 may comprise also other fields which 
always contain cell specific information. The CELLxINFO 
field 255 also comprises PARAMETERxPOINTER fields 
257, each of which contains a pointer specifying which of 
the values of the corresponding PARAMETERxVALUE 15 

LIST field 222 is to be used for the particular cell being 
described by the CELLxINFO field 255. 

The length of the PARAMETERxPOINTER fields can be 
always the same, such as 4 bits, which would allow repre
sentation of 16 different values, which is the maximum 20 

number of neighbor cells in the neighbor cell list according 

E. An Example of a Mobile Communication Means 

In FIG. 7, a block diagram of a mobile station 10, or 
generally a mobile communication means 10 according to a 
further advantageous embodiment of the invention is shown. 
The receiver part of the mobile communication means 
comprises a first receiver filter 452 for filtering the received 
signal, a receiver amplifier 454 for amplifying the received 
signal, a second receiver filter bank 456 for further filtering 
of the received signal, a mixer 458 for converting the 

to current GSM 04.08 specification. However, the network 
often informs the MS about less than 16 neighbor cells, and 
often the cells do not have many different values of the same 
parameters. Therefore, three or even two bits would often be 25 

enough, allowing respectively the specification of eight or 
four parameter values. To shorten a neighbor cell informa
tion message even further, the length of the PARAMETERx 
POINTER fields can be made variable. In such an 
embodiment, the CELLxINFO field preferably comprises 
for example a three-bit field before the PARAMETERx 
POINTER fields, which three-bit field specifies the length of 
the PARAMETERxPOINTER fields 257 in the current 
CELLxINFO field 255. 

As described previously, a PARAMETERxPOINTER 
field can indicate the value of a single parameter. However, 

received signal to baseband, a receiver block 460 for 
demodulating and decoding the signal and an earpiece 462 
or a loudspeaker 462 for producing the audible received 
signal. The transmitter part comprises a microphone 472, a 
transmitter block 474 for coding the signal to be transmitted 
and performing other necessary signal processing, a modu-

30 lator 476 for producing the modulated radio frequency 
signal, a first transmitter filter 478, a transmitter amplifier 
480, and a second transmitter filter 482. The mobile com
munication means further comprises an antenna 498, an 
oscillator block 496, a control block 490, a display 492 and 

35 a keypad 494. The control block 490 controls the function
ing of the receiver and transmitter blocks and the oscillator 
block, as well as displays information to the user via the 
display 492 and receives commands from the user via the 
keypad 494. 

in a further advantageous embodiment of the invention, the 
COMMON VALUES field comprises one or more sets of 
parameter combinations, which parameter combinations are 
referred to using pointers or some other ways of indicating 40 
an element of a set. One parameter value combination can 
specify the values of two or more parameters. Such an 
embodiment is advantageous in cases, when certain param
eter value combinations are common in the neighbor cells, 
and allows further reduction of the size of neighbor cell 45 

information message. 
The message structure illustrated in FIGS. 2, 3, 4, and 5 

is only an example of an advantageous embodiment of the 
invention, and does not limit the invention in any way. 

D. An Example of a System 50 

In the following, a system according to an advantageous 
embodiment of the invention will be described with refer
ence to FIG. 6. FIG. 6 illustrates a part of a cellular 
telecommunication system, namely a base station controller 55 

(BSC) 30 and two base stations 20. A mobile station 10 is 
also illustrated. According to the invention, the BSC com
prises a system 300 for generating a neighbor cell informa
tion message specifying values of a plurality of values of a 
plurality of parameters for at least one neighbor cell. The 60 

system 300 comprises 

According to the invention, a mobile communication 
means 10 further comprises at least 

a) means 410 for receiving a neighbor cell information 
message comprising a set of parameter values, and for 
each cell of a plurality of neighbor cells, cell inform a -
tion comprising 
at least one parameter value for a first parameter, and 
for at least one second parameter, one second value 

indicating which value of said set of parameter 
values is used for said second parameter, 

b) means 420 for associating a value of said set of 
parameter values indicated by one of said second 
values with the corresponding parameter of a neighbor 
cell. 

Said first parameter can be for example the base station 
identity code BSIC. 

Preferably the means 410 and 420 are realized using 
software programs stored in a memory element of a control 
block 490 of the mobile communication means 10, the 
programs being executed by a microprocessor of the control 
block 490. 

means 310 for identifying parameter values in use by 
more than one cell, 

means 320 for outputting a set of said identified values, 
and 

means 330 for indicating the value of a parameter, which 
means for indicating is 

A mobile communication means can be any mobile unit or 
a mobile station capable of communicating through the radio 
interface of a cellular telecommunications network such as 

65 a GPRS or a UMTS network. Examples of such mobile 
communication means are a cellular telephone, a video 
telephone, and a GPRS data terminal. 
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F. Further Considerations 

The inventive method has the advantage, that the same 
pieces of information i.e. parameter values are not repeated 
many times in one neighbor cell information message. This 
saves transmission capacity of the signaling channel, and 5 

shortens the time required for sending a single message, 
which in turn allows the receivers of the mobile stations to 
use more time to other duties. 

The invention can be applied in any cellular telecommu- 10 

nication system, in which the network transmits neighbor 
cell information to mobile stations. Examples of such sys
tems are the GSM system and the UMTS (Universal Mobile 
Telecommunication System) system, which may comprise 
packet data transmission systems such as the GPRS system. 15 

The name of a given functional entity, such as the radio 
network controller, is often different in the context of 
different cellular telecommunication systems. For example, 
in the GSM system the functional entity corresponding to a 
radio network (RNC) is the base station controller (BSC). 20 

Therefore, the term radio network controller in the claims is 
intended to cover all corresponding functional entities 
regardless of the term used for the entity in the particular 
cellular telecommunication system. Further, the various 
command and field names such as the NEIGHBOR SET 25 

INFO field name are intended to be examples only, and the 
invention is not limited to using the command and field 
names recited in this specification. 

8 
each neighbor cell, specific values for each of a plurality of 
parameters, wherein each parameter is a characteristic of a 
cell, comprising the steps of: 

identifying common parameter values, wherein each of 
said common parameter values is a specific value 
common to at least two neighbor cells of the same 
parameter; 

outputting a set of said identified common values; and 

generating a neighbor cell information message, in which 
the specific value of a parameter of a specific neighbor 
cell is indicated by specifying a member of said set of 
identified common values when the specific value is 
one of said identified common values. 

2. The method of claim 1, further comprising the step of: 

transmitting a set of specific parameter values to a mobile 
station; and 

indicating, for each of a plurality of neighbor cells, the 
specific value of a parameter by specifying a member 
of said set of specific parameter values. 

3. The method claim 1, further comprising the step of: 

transmitting a set of combinations of specific values for at 
least two parameters to a mobile station; and 

indicating, for each of a plurality of neighbor cells, the 
combination of specific values of the at least two 
parameters by specifying a member of said set of 
specific value combinations for at least two parameters. 

In this specification and particularly in the following 
claims, the term frequency value means an indication of a 
frequency in some predefined way. The invention is not 
limited to any specific way of expressing a frequency, since 
a frequency can be expressed in many ways, for example in 
units of hertz (Hz), or for example by using a predefined 
channel numbering scheme, in which case a channel number 
corresponds to a certain frequency. Consequently, a channel 
number or some other channel identification value can be 
used as a frequency value. 

4. The method of claim 2, wherein the neighbor cells of 
said plurality of neighbor cells for which said list indicates 

30 the specific parameter value from said set of specific param
eter values form a neighbor set, wherein there are a plurality 
of neighbor sets, and, for each neighbor set, a set of specific 
parameter values is generated for the parameters of the 
neighbor cells within that neighbor set. 

35 5. The method of claim 1, wherein a frequency is one of 

The parameters, whose values are specified in a neighbor 
cell information message, can be any cell parameters which 
the mobile station needs to know when communicating with 
a particular cell. Such parameters can comprise for example 
the BCCH channel frequency of a cell, a spread spectrum 
code such as the code used in the pilot signal of a particular 
cell in spread spectrum based cellular systems, or for 
example packet transmission parameters of a packet data 
transmission system such as the GPRS system. The inven
tion is not limited to any particular selection of parameters 

the plurality of parameters which characterize a cell, 
wherein a plurality of frequency values is specified by 
specifying a starting frequency value and specifying the 
following specific frequency values by their values relative 

40 to said starting frequency value. 
6. The method of claim 1, wherein a frequency is one of 

the plurality of parameters which characterize a cell, 
wherein a plurality of frequency values is specified by 
specifying a frequency value by its value relative to a 

45 previously specified frequency value. 

to be recited in a neighbor cell information message. 
The term set in the following claims is not intended to 50 

limit the invention to using any specific data structure for 
storing a number of parameter values, since a set of values 
can be stored in many different ways using many different 
data structures as known by a person skilled in the art. 

In view of the foregoing description it will be evident to 55 

a person skilled in the art that various modifications may be 
made within the scope of the invention. While a preferred 
embodiment of the invention has been described in detail, it 
should be apparent that many modifications and variations 
thereto are possible, all of which fall within the true spirit 60 

and scope of the invention. 
What is claimed is: 
1. A method for generating a neighbor cell information 

message in a cellular telecommunication network, wherein 
said neighbor cell information message informs a mobile 65 

station about cells nearby the mobile station (neighbor 
cells), said neighbor cell information message providing, for 

7. The method of claim 1, wherein the method is used in 
a UMTS network. 

8. The method of claim 1, wherein the method is used in 
a GPRS network. 

9. A system in a cellular telecommunication network for 
generating a neighbor cell information message, wherein 
said neighbor cell information message informs a mobile 
station about cells nearby the mobile station (neighbor 
cells), said neighbor cell information message providing, for 
each neighbor cell, specific values for each of a plurality of 
parameters, wherein each parameter is a characteristic of a 
cell, comprising: 

means for identifying common parameter values, wherein 
each of said common parameter values is a specific 
value common to at least two neighbor cells of the same 
parameter; 

means for outputting a 
values; and 

set of said identified common 

means for generating a neighbor cell information 
message, in which the specific value of a parameter of 
a specific neighbor cell is indicated by specifying a 
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member of said set of identified common values when 
the specific value is one of said identified common 
values. 

10. A network element of a cellular telecommunication 
network comprising the system of claim 9. 

11. A mobile communication means for communication 
with a cellular telecommunication network, comprising: 

5 

10 
a frequency difference field indicating a specific value 

for a frequency of a neighbor cell in relation to the 
starting frequency indicated in the starting frequency 
field; and 

a neighbor cell information field comprising the spe
cific value or the index specifying the specific value 
for at least one parameter of the plurality of param
eters. 

means for receiving a neighbor cell information message, 
wherein said neighbor cell information message com
prises: 
a set of specific parameter values; and 
cell information, wherein, for each cell of a plurality of 

neighbor cells, said cell information comprises: 

17. The method of claim 16, wherein the neighbor cell 
10 information field in the neighbor cell field pair of the 

neighbor cell set information field of the neighbor cell 
information message comprises: 

at least one specific parameter value for a first 
parameter, and 

an index for a second parameter, said index indicat- 15 

ing which value of said set of specific parameter 
values is used for said second parameter; and 

means for associating a specific value of said set of 
specific parameter values indicated by one of said index 
with the corresponding second parameter of a neighbor 20 

cell. 
12. The system of claim 10, wherein the network element 

comprises at least one of abase station controller (BSC) and 
a radio network controller (RNC). 

13. The mobile communication means of clam 11, 25 
wherein the mobile communication means comprises a 
cellular telephone. 

14. The mobile communication means of claim 11, 
wherein the fast parameter comprises abase station identity 
code (BSIC). 

15. The method of claim 1, wherein the neighbor cell 
information message comprises: 

a message type field; and 
at least one neighbor cell set field pair, wherein a plurality 

30 

of neighbor cells comprise a neighbor cell set, and 35 

wherein a neighbor cell set field pair comprises: 
a neighbor cell set information field, wherein said 

neighbor cell set information field comprises, for 
each cell in said neighbor set, a specific value or an 
index specifying a specific value of at least one 40 

parameter of the plurality of parameters; and 
a common values field matching the neighbor cell set 

information field, wherein the common values field 
comprises the specific value specified by the index. 

16. The method of claim 15, wherein the neighbor cell set 45 

information field in the neighbor cell set field pair of the 
neighbor cell information message comprises: 

a stating frequency field indicating the starting frequency; 
a number of cells field indicating the number of neighbor 

cells in the neighbor set; and 
at least one neighbor cell field pair, wherein there is a 

neighbor cell field pair for each neighbor cell in the 
neighbor cell set, and wherein a neighbor cell field pair 
comprises: 

50 

a base station identity code (BSIC); and 

the specific value or the index specifying the specific 
value for at least one parameter of the plurality of 
parameters. 

18. The method of claim 17, wherein the common values 
field in the neighbor cell neighbor cell set field pair of the 
neighbor cell information message comprises the specific 
value specified by the index in the neighbor cell information 
field. 

19. The method of claim 18, wherein the index specifying 
the specific value for at least one parameter of the plurality 
of parameters in the neighbor cell information field com
prises a pointer to the specific value in the common values 
field in the neighbor cell set field pair of the neighbor cell 
information message. 

20. A method for providing a neighbor cell information 
message of reduced length, wherein said neighbor cell 
information message informs a mobile station about cells 
nearby the mobile station (neighbor cells) in a cellular 
telecommunication network, said neighbor cell information 
message providing, for each neighbor cell, a specific value 
for a cell parameter, wherein a cell parameter is a charac
teristic of a cell, comprising the steps of: 

generating a neighbor cell information message in which, 
for at least one neighbor cell, an index is used to specify 
the specific value of the cell parameter for the at least 
one neighbor cell, wherein said index is shorter than the 
specific value of the cell parameter, wherein said index 
indicates the specific value in a list of specific values 
for the cell parameter; 

transmitting the neighbor cell information message to a 
mobile station; and 

transmitting the list of specific values for the cell param
eter to the mobile station at least one of: (i) in the 
neighbor cell information message, (ii) with the neigh
bor cell information message, and (iii) separately from 
the neighbor cell information message. 

* * * * * 
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FIG 2 

Table 1· Radio subsystem connection control parameters 
Parameter name 

ElSIC 

BA IND 

POWER OFFSET 

NCC_PERMITTED 

CELL BAR ACCESS 

CELL BAR QUALIFY 

Description 

Base station 

identification code 

Bcrn assignment 

Sequence number of BA 

The maximum TX transmit 

power which can be used 

by an MS in a system 

access before it is 

controlled by the other 

end 

The power offset is 

determined in 

conjunction with the MS 

TXPWR MAX CCH parameter 

by the class 3 DeS 1 

BOO MS: 

o = 0 dEl 

1~2dE1 

2=4dE1 

3=6dE1 

Minimum required 

received signal level 

at the MS for the 

system access 

The maximum value of 

the radio link timeout 

4-64 SACCH blocks, 

15 steps of 4 SACCH 

blocks 

RXLEV hysteresis for 

required cell 

reselection. 0-14 dB, 

2 dEl steps, e.g. 

o = 0 dEI, 1 ~ 2 dEl etc. 

Bit map of NCCs for 

which the MS is allowed 

to report measurement 

results. Bit map 

relates to NCC part of 

the BSIC. 

See Table 1a 

See Table 1a 

Indicates presence of 

C2 

Cell reselection 

parameter (1 = 

parameter present) 

Range Bits Channel 

0-63 6 SCH D/L 

BeeR nJL 
011 1 BCCH niL 

o/n Bern niL 

0-3 2 Bcrn niL 

0-63 6 BCCH nIL 

4 BCCH nIL 

SACCI! niL 

0-7 3 BCCH D/L 

a BCCH D/L 

0/1 1 BCCE DIL 

0/1 1 BCCH niL 

0/1 BCCE D/L 

Case 6:13-cv-00511   Document 1-3    Filed 06/25/13   Page 4 of 16 PageID #:  37



u.s. Patent May 8, 2007 Sheet 3 of 10 US 7,215,962 B2 

FIG 2 (continued) 

CELL_RESELECT_OFFSET Adds an offset to the 0-63 6 BCCH D/L 

C2 cell reselection 
criterion 

0 - 126 dB 

2 dB steps, e.g. 

o = o dB, 1 = 2 dB, etc. 

TEMPORARY_OFFSET Adds a negative offset 0-7 3 BCCH D/L 

to C2 for the duration 
of the PENALTY_TIME. 

0 - 60 dB, 10 dB steps, 
e.g. 0 = o dB, 1 = 10 dB 

etc., and 7 = infinity 

PENALTY_TIME Specifies the period 0-31 5 BCCH D/L 
for which the temporary 

offset is used. 
20 to 620 s, 20 s 

steps, e.g. o = 20 s, 
1 ,; 40 s, etc. 31 is 

for the note that 
CELL_RES ELECT_OFFSET C2 
is subtracted and that 

TEMPORARY_OFFSET is not 
considered. 
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FIG 2 (continued) 

LSA_OFFSET Adds an offset for use 0-7 3 BCCH D/L 

with an LSA cell 
reselection between 

cells having the same 
LSA priorities. 

o ~ 0 dB, 1 ~ 4 dB, 
2 .. B dB, 3 = 16 dB, 

4 = 24 dB, 5 = 32 dB, 
6 ~ 48 dB, 7 ~ 64 dB 

PRIO_THR The PRIO signal 0-7 3 BCCH D/L 

strength threshold 
relates to 

RXLEV_ACCESS_MIN. 
0=0 dB, 1 = 6 dB, 

2 = 12 dB, 3 = 18 dB, 

4 = 24 dB, S = 30 dB, 

6 ~ 36 dB, 7 = CD dB 

LSA ID The LSA identities for BCCE D/L 
the cell 

QSEARCH Thresbold value of the 0-7 3 BCCE D/L 
received GSM signal 
quality, above which 

measurements of 
al ternative RATs are 

not made 

QACCEPT Threshold value of the 0-7 3 BCCE D/L 
measured signal quality 
of the alternative RAT, 
below which a handover 

from GSM is unacceptable 
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FIG 3 

Table 1· Radio subsystem connection control parameters 
Parameter name 

BSIC 

BA 

BA IND 

POWER OFFSET 

CELL BAR ACCESS 

CELL BAR QUALIFY 

Description 

Base station 
identification code 

BeCH assignment 

Sequence number of BA 

The maximum TX transmit 
power which can be used 

by an MS in a system 

access before it is 

controlled by the other 
end 

The power offset is 
determined in 

conjunction with the MS 

TXPWR MAX CCH parameter 

by the class 3 DCS 1 
BOO MS: 

O· = -0· dB 

1 = 2 dB 
2 = 4 dB 

3 = 6 dB 

Minimum required 
received signal level 

at the MS for the 

system access 

The maximum value of 
the radio link timeout 

4-64 SACCH blocks, 
15 steps of 4 SACCH 

blocks 

RXLEV hysteresis for 
required cell 

reselection. 0-14 dB, 

2 dB steps, e.g. 

o = 0 dB, 1 = 2 dB etc. 

Bit map of NCCs for 
which the MS is allowed 
to report measurement 

results. Bit map 
relates to NCC part of 

the BSIC. 

See Tabie la 

See Table la 

Indicates presence of 

C2 

Cell reselection 
parameter (1 = 

parameter present) 

Range Bits Channel 

0-63 5 SCH D/L 

BCCH D/L 

0/1 1 BCCR D/L 

0/31 5 BCCH D!L 

0-3 ECCH D/L 

0-63 5 BCCH D/L 

4 BCCR D/L 

SACQi D/L 

0-7 3 BCCE D/L 

8 BCCE D/L 

0/1 1 BCCE D/L 

0/1 1 BCCH D!L 

0/1 1 BCCR D/L 
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FIG 3 (continued) 

Adds an offset to the 
C2 cell reselection 

criterion 

o - 126 dB 

2 dB seeps, 
e.g. 0 ; 0 dB, 1 ; 2 dB, 

etc. 

Adds a negative offset 
to C2 for Lhe duration 
of the PmALTY_TlME. 

o - 60 dB, 10 dB 

steps, e.g. 0 = a dB, 

1 = 10 dB etc., and 7 = 

infinity 

specifies the period 
for which the 

temporary offset is 

used. 
20 to 620 s, 20 s 

steps, e.g. 0 = 20 s, 
1 = 40 S, etc. 31 is 

for the note that 
CELL_RESELECT_OFFSET 
C2 is subtracted and 
that TEMPORARY_OFFSET 

is not considered. 

0-63 

0-7 

0-31 

US 7,215,962 B2 

6 BCCE D/L 

BCCE: DiL 

s BeQ D/L 
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FIG 3 (continued) 

LSA_OFFSET 

LS." ID 

QSEARCH 

QACCEPT 

Adds an offset for use 
with an LEA cell 

reselection between 
cells having the same 

LSA priorities. 
o = 0 dB, 1 = 4 dB, 

2 = 8 dB, 3 = 16 dB, 

4 = 24 dB, 5 = 32 dB, 

6 = 4B dB, 7 = 64 dB 

The PRIO signal 
strength threshold 

relates to 
RXLEV_ACCESS_MIN. 

o ; 0 dB. 1 = 5 dB, 

2 = 12 dB, 3 = 18 dB, 

4 = 24 dB, 5 = 30 dB, 

6 = 36 dB, 7 = ~ dB 

The LSA identities for 
the cell 

Threshold value of tbe 
received GSM signal 
quality, above which 

measurements of 

alternative RATs are 
ZJ:ot made 

Threshold value of the 
measured signal quality 
of the alternar::ive RAT, 

below which a hanGover 
from GSM is 

unacceptable 

Range of threshold 
values for the received 

GSM signal quality 

referred to QSEARCH, 

above wbi ch the 
measuremen ts of 

a!ternative RATs are 
tennina ted . 

(The range is 16 dB in 
steps of two dB coded 

by three bits) 

0-7 

0-7 

0-7 

0-7 

0-15 

US 7,215,962 B2 

BeCH D/L 

3 BCCR D/L 

ECCH D/L 

BCCR D/L 

Bcen D/L 

3 BCCE D/L 
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FIG 3 (continued) 

Specifies the length of 

time with which 
measuremen ts of the 
alternative RATs are 
continued after the 

QSEARCH criterion has 

been met. As long as 

the timer is active, a 
GSM quality above the 

QSEARCH threshold value 
does not lead to a 

discontinuation DE the 

·meaSlJIemen ts DE 

neighboring alternative 

RATs. Wllen .the timer 
times out and the GSM 

quality is above 
QSEARCH, the 

measurements of other 

RATs are discontinued. 

[still 

to be 

[still BCCH D/L 

tol:e 

defined] defin

e1] 
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METHOD FOR AN INTERSYSTEM 
CONNECTION HANDOVER 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is based on and hereby claims priority to 
German Application No. 100 109 58.6 filed on 6 Mar. 2000, 
the contents of which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

2 
In parallel with this observation of neighboring cells of 

the system to which the subscriber station has set up a 
connection or is in a so-called idle mode, the subscriber 
station will also have to additionally observe radio cells of 
one or more radio access technologies available in parallel 
in future. On the one hand, this disadvantageously increases 
the energy consumption of the subscriber station and, on the 
other hand, a certain time for observing all available systems 
is required in each case. For this reason, it is basically logical 

10 if the subscriber station initially only observes radio cells of 
one system and an observation of another system is only 
stimulated if the transmission quality to this system drops 
below a certain threshold value. 

The invention relates to a method for an intersystem 
handover. In particular, the invention is suitable for use in a 15 

mobile radio system or wireless subscriber access system. 

For the GSM standard, it is presently proposed to expand 
the so-called control parameters in such a marmer that two 
threshold values QSEARCH and QACCEPT are addition
ally signaled in the control parameters in the downlink. The 
complete list of control parameters is given in a table in FIG. 

2. Description of the Related Art 
In radio communication systems (also called radio access 

technology-RAT-in the text which follows), for example 
the second-generation European mobile radio system GSM 
(global system for mobile communications), information 
such as, for example, voice, image information or other data 
are transmitted via a radio interface with the aid of electro
magnetic waves. The radio interface relates to a connection 
between a base transceiver station and a multiplicity of 
subscriber stations, where the subscriber stations can be, for 
example, mobile stations or stationary radio stations. Elec
tromagnetic waves are radiated with carrier frequencies 
which are located within a frequency band provided for the 
respective system. For future radio access technologies, for 
example the UMTS (universal mobile telecommunication 
system) or other third-generation systems, frequencies are 
provided in a frequency band of approx. 2000 MHz. For the 
third mobile radio generation UMTS, two modes are pro
vided, one mode being an FDD (frequency division duplex) 
mode and the other mode being a TDD (time division 
duplex) mode. These modes are used in different frequency 
bands and both modes support a so-called CDMA (code 
division multiple access) subscriber separation method. 

For descriptions of the second-generation mobile radio 
system GSM, the book by J. Biala "Mobil funk und Intelli
gente Netze" (which may be translated as "Mobile radio and 
intelligent networks"), Vieweg Verlag, 1995 provides the 
basic general state of the art. 

Due to the fact that the second- and third-generation radio 
access technologies exist in parallel and it is desired to 
harmonize between them, subscriber stations which have set 

20 2. The proposed threshold values are emphasized in italics. 

The first threshold value QSEARCH describes a lower 
value for the quality of a received GSM signal above which 
no measurements of further systems (alternate RATs) are 
performed. The second threshold value QACCEPT 

25 describes a lower value for the quality of the signal of the 
alternate RAT below which a handover to the other system 
is unacceptable. 

FIG. 4 is used for describing how these additional param-
30 eters affect the behavior of a subscriber station. Referring to 

FIG. 1 described hereinafter, values determined in the sub
scriber station for a transmission quality are plotted against 
time t. The time-variant first signal sigl is, for example, the 
general signaling charmel BCCH (broadcast control chan-

35 nel) from a base transceiver station of a GSM mobile radio 
system, which is transmitted by the base transceiver station 
with an increased and constant transmit power. The time
variant second signal sig2 is, for example, a general signal
ing channel BCH (beacon channel) transmitted by a base 

40 station of a UMTS mobile radio system. The time variance 
is mainly due to a movement of the subscriber station, but 
a change in the traffIc loading within the radio cell within 
which the subscriber station is located can also lead to 
fluctuations in the transmission quality. 

45 

up a connection in one radio access technology are to be 
provided with the possibility of handing the connection over 50 

to another radio access technology which may support a 
different transmission mode. This handing over between 
technologies is also called intersystem handover. 

According to the proposal described, the subscriber sta
tion begins to observe the second signal sig2 after the first 
signal drops below the first threshold value QSEARCH and 
ends this observation after the first threshold value 
QSEARCH has subsequently been exceeded etc. In this 
process, the consequence of dropping below the first thresh
old value QSEARCH and the second signal sig2 simulta
neously exceeding the second threshold value QACCEPT 
would be, for example, that a handover to the second system 
is stimulated. At the beginning of the spread of the future UMTS mobile 

radio system, so-called multimode subscriber stations will 55 

support both the GSM standard and the UMTS standard at 
the least. This is mainly of significance to operators which 
are implementing both, for example, a full coverage of an 
entire country by the GSM mobile radio system and an 
initially locally limited coverage by the UMTS mobile radio 60 

system. 

The consequence of this behavior is that a frequent 
short-time starting and stopping of the observation of the 
second system would occur, particularly when values of the 
transmission quality are close to the first threshold value. 
This wastes precious energy, on the one hand, and, on the 
other hand, the period of observation is too short for being 
able to draw reliable conclusions for any handover from the 
measurements of the transmission quality to the second 
system. In this context, it must be generally taken into 
consideration that a single measurement of a radio cell of the 

According to the GSM standard, the subscriber station 
must observe, for example, the received signal strength 
indicators (RSSI) of up to 32 neighboring cells and the six 
neighboring cells offering the best transmission conditions 
must be periodically signaled to the base transceiver station 
providing coverage. 

65 second system is not sufficient. Instead, a number of mea
surements must be performed in order to obtain a reliable 
result. 
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SUMMARY OF THE INVENTION 

The invention is based on the object of specifying a 
method which, based on the known method, realizes a more 
efficient and more reliable method for handover. 

The method according to the invention has the advanta
geous effect that, due to the additional criterion, the deter
mination of the transmission quality to a base transceiver 
station of the second system is performed until there is a 
reliable finding about the appropriateness of a handover to 10 

the second system. 
According to the invention, a time interval or a decision 

hysteresis is used as the criterion separate from the threshold 
value. 

The method according to the invention described is used 15 

in a particularly advantageous manner in a radio access 
technology implemented as a mobile radio system or wire
less subscriber access system. 

Exemplary embodiments of the invention will be 
explained in greater detail with reference to the attached 20 

drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

4 
which is transmitted by the base transceiver stations BTS, 
NB with a transmitting power which is in each case higher 
than the traffic channels. In the case of sectorization or of 
hierarchical cell structures, it is also possible for each base 
transceiver station BTS, NB to cover a number of radio cells. 
The functions of this structure can be transferred to other 
radio access technologies in which the invention can be 
used, particularly for subscriber access networks with wire
less subscriber access. 

The example of FIG. 1 shows a subscriber station UE 
which is constructed as a mobile station and which is located 
in a radio cell Z of the first mobile radio system RATl which 
supports a GSM standard, and in a radio cell Z of a second 
mobile radio system RAT2 which supports a UMTS stan
dard. The subscriber station UE has set up a connection to 
the base transceiver station BTS, shown by way of example, 
of the first mobile radio system RATl. During the call, the 
subscriber station UE periodically evaluates transmission 
conditions of the radio interface to surronnding base trans
ceiver stations such as, for example, the specified base 
transceiver station NB of the first mobile radio system 
RATl, for example, in the case of a deterioration of the 
transmission quality to the base transceiver station BTS of 
the second mobile radio system RAT2 or in the case of the 

These and other objects and advantages of the present 
invention will become more apparent and more readily 
appreciated from the following description of the preferred 
embodiments, taken in conjnnction with the accompanying 
drawings of which: 

25 additional setting-up of a service, in order to stimulate a 
handover to the base transceiver station NB of the first 
mobile radio system RATl. 

If the transmission quality to the first mobile radio system 
RATl becomes generally poorer, for example due to the fact 

FIG. 1 is a block diagram of two neighboring radio access 
technologies, 

FIG. 2 is a table with known control parameters, 
FIG. 3 is a table according to FIG. 2 containing additional 

control parameters according to the invention, 

30 that the subscriber station UE is moving away from the radio 
coverage area of the first mobile radio system RATl, an 
additional described observation of radio cells of a parallel 
mobile radio system must be stimulated in order to perform 

FIG. 4 is an exemplary timing diagram for the method 35 

according to the prior art, and 
FIG. 5 is an exemplary timing diagram for the method 

according to the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

40 

Reference will now be made in detail to the preferred 
embodiments of the present invention, examples of which 
are illustrated in the accompanying drawings, wherein like 45 

reference numerals refer to like elements throughout. 

a handover to this system, if necessary. 
The same method is also used, for example, in the case of 

hierarchical network structures when a connection between 
different hierarchical levels, for example from a microcell 
into a macrocell which operate in a different frequency band 
in each case, is handed over. 

The method according to the invention can also be 
extended to a handover between radio access technologies 
utilizing the same transmission method. This can occur, for 
example, in the case of a handover between a GSM 900 
system and a GSM 1800 system of one or two operators. 

FIG. 3 shows, by way of example, a table according to 
FIG. 2, containing additional control parameters according 
to the invention (in italics). These parameters are, on the one 
hand, a hysteresis QSEARCH_HYST and, on the other 
hand, a time interval QSEARCH_TIME. Each of these 

50 parameters by itself already solves the problem of the prior 
art as described. Combining the two parameters, however, 
very advantageously provides for very high flexibility for 
the operator due to the fact that the parameters can be 

FIG. 1 shows in each case sections from two mobile radio 
systems RATl, RAT2 as examples of radio access technolo
gies. A mobile radio system typically consists of a multi
plicity of mobile switching centers MSC or UMSC (mobile 
switching center or UMTS mobile switching center), respec
tively, which belong to a switching subsystem (SSS) and are 
networked together or, respectively, establish access to a 
landline network, and of in each case one or more base 
station subsystems (BSS) connected to these mobile switch- 55 

ing centers MSC, UMSC. A base station subsystem BSS, in 
turn, exhibits at least one BSC (base station controller) or 
RNC (radio network controller) facility for assigning radio 
engineering resources and at least one base transceiver 
station BTS or NB (node B), connected thereto. A base 
transceiver station BTS, NB can set up connections to 
subscriber stations UE (user equipment) such as, e.g. mobile 
stations or other mobile and stationary terminals via a radio 
interface. Each base transceiver station BTS, NB forms at 
least one radio cell Z. As a rule, the size of the radio cell is 
determined by the range of a general signaling channel BCH 
(beacon channel) or BCCH (broadcast control channel) 

individually adapted. 
The hysteresis QSEARCH_HYST defines a virtually 

additional threshold value above the threshold value 
QSEARCH as can be seen from FIG. 2. The width of the 
hysteresis QSEARCH_HYST can be selected by the opera
tor, for example, individually for a radio cell and in depen-

60 dence on environmental conditions. 
If the quality of the first signal sigl drops below the 

threshold value QSEARCH, the subscriber station UE 
begins to observe the quality of the second signal sig2. The 
observation is continued until the quality of the first signal 

65 sigl exceeds the upper limit of the hysteresis band. 
The time interval QSEARCH_TIME defines a period 

within which the subscriber station UE determines at least 
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the quality of the second signal sig2. In combination with 
the hysteresis QSEARCH_HYST, the time interval 
QSEARCH_TIME is only interrupted if the first signal sigl 
exceeds the upper limit of the hysteresis band. 

The time interval can be individually adapted but it should 
be ensured in every case that it at least provides sufficient 
time for determining a reliable value with respect to the 
transmission quality. The values found are advantageously 
averaged over the time interval and the averaged value is 
compared with the threshold value QSEARCH. 

The invention has been described in detail with particular 
reference to preferred embodiments thereof and examples, 
but it will be understood that variations and modifications 
can be effected within the spirit and scope of the invention. 

The invention claimed is: 
1. A method for controlling an intersystem handover from 

a first radio access technology using a first transmission 
method to a second radio access technology using a second 
transmission method, comprising: 

comparing a threshold value to a first transmission quality 
of a first signal to a first base transceiver station of the 
first radio access technology with respect to at least one 
first transmission characteristic, determined by a sub
scriber station; and 

6 
8. The method as claimed in claim 7, wherein said 

determining of the second transmission quality is continued 
until the first transmission quality is outside a range limited 
by the hysteresis. 

9. The method as claimed in claim 8, wherein the range 
of the hysteresis can be selected for an individual radio cell. 

10. The method as claimed in claim 9, wherein the first 
radio access technology supports a GSM transmission 
method and the second radio access technology supports a 

10 UMTS transmission method. 
11. The method as claimed in claim 1, further comprising 

upon completion of the predetermined time interval, decid
ing by the subscriber station whether to communicate with 
the first base transceiver station of the first radio access 

15 technology or the second base transceiver station of the 
second radio access technology. 

12. A subscriber station for carrying out a method for 
controlling an intersystem handover from a first radio access 
technology using a first transmission method to a second 

20 radio access technology using a second transmission 
method, comprising: 

25 

only after the first transmission quality drops below the 
threshold value, determining, by the subscriber station 
throughout a predetermined time interval, a second 
transmission quality of a second signal to a second base 
transceiver station of the second radio access technol- 30 

a processor progranJilled to determine a first transmission 
quality of a first signal to a first base transceiver station 
of the first radio access technology with respect to at 
least one first transmission characteristic, to compare 
the first transmission quality to a threshold value and, 
only after the first transmission quality drops below the 
threshold value, to determine, throughout a predeter-
mined time interval, a second transmission quality of a 
second signal to a second base transceiver station of the 
second radio access technology with respect to at least 
one second transmission characteristic, until a criterion 
separate from the threshold value is met. 

ogy with respect to at least one second transmission 
characteristic. 

2. The method as claimed in claim 1, wherein at least one 
of the first and second transmission characteristics includes 
at least one of a received signal strength indicator, a signal/ 
noise ratio and a bit error rate. 

3. The method as claimed in claim 1, further comprising: 
after the predetermined time interval has elapsed, repeat

ing said comparing of the first transmission quality with 
the threshold value; and 

ending said determining of the second transmission char
acteristic if the first transmission quality exceeds the 
threshold value. 

4. The method as claimed in claim 1, further comprising: 
after the predetermined time interval has elapsed, repeat

ing said comparing of the first transmission quality with 
the threshold value; and 

initiating handover to the second base transceiver station 
if the first transmission quality drops below the thresh-

13. The subscriber station as claimed in claim 12, wherein 
35 at least one of the first and second transmission character

istics includes at least one of a received signal strength 
indicator, a signal/noise ratio and a bit error rate. 

14. The subscriber station as claimed in claim 12, wherein 
40 said processor is further programmed to repeat comparison 

of the first transmission quality with the threshold value after 
the predetermined time interval has elapsed and to end 
determination of the second transmission characteristic if the 
first transmission quality exceeds the threshold value. 

45 15. The subscriber station as claimed in claim 12, wherein 
said processor is further programmed to repeat comparison 
of the first transmission quality with the threshold value after 
the predetermined time interval has elapsed and to initiate 
handover to the second base transceiver station if the first 

old value. 50 
transmission quality drops below the threshold value. 

16. The subscriber station as claimed in claim 15, wherein 
said processor is further programmed to determine values 
related to the first transmission quality during the predeter
mined time interval and to average the values related to the 

5. The method as claimed in claim 1, 
further comprising: 

determining values related to the first transmISSIOn 
quality during the pre-determined time interval; and 

averaging the values related to the first transmission 
quality to obtain an averaged value representing the 
first transmission quality, and 

wherein said comparing after the predetermined time 
interval has elapsed compares the averaged value with 
the threshold value. 

6. The method as claimed in claim 5, wherein the prede
termined time interval is selected for at least one of an 
individual radio cell and in dependence on a current traffic 
load. 

7. The method as claimed in claim 6, wherein a hysteresis 
depending on the threshold value is used as the criterion. 

55 first transmission quality to obtain an averaged value rep
resenting the first transmission quality, and after the time 
interval has elapsed the averaged value is compared to the 
threshold value. 

17. The subscriber station as claimed in claim 16, wherein 
60 said processor is further progranJilled to select the predeter

mined time interval for at least one of an individual radio 
cell and in dependence on a current traffIc load. 

18. The subscriber station as claimed in claim 12, wherein 
a hysteresis depending on the threshold value is used as the 

65 criterion. 
19. The subscriber station as claimed in claim 18, wherein 

said processor is further programmed to continue determi-
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nation the second transmission quality until the first trans
mission quality is outside a range limited by the hysteresis. 

20. A base station subsystem of one of a mobile radio 
system and a wireless subscriber access system using a first 
transmission method implementing a first radio access tech
nology, for carrying out an intersystem handover to another 
base station subsystem using a second transmission method 
implementing a second radio access technology, comprising: 

a processor programmed to determine a first transmission 
quality of a first signal to said base station subsystem 

8 
with respect to at least one first transmission charac
teristic and, only after the first transmission quality 
drops below a threshold value, to determine, through
out a predetermined time interval, a second transmis
sion quality of a second signal to the other base station 
subsystem with respect to at least one second transmis
sion characteristic, until a criterion separate from the 
threshold value is met. 

* * * * * 
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mitting messages are assigned to a subscriber station. A trans
mission power differential is determined between the total 
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station for the codes at the beginning of a message transmis
sion, (the differential being respected by the subscriber sta
tion), by a first one of the codes. 
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METHOD FOR MULTICODE TRANSMISSION 
BY A SUBSCRIBER STATION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is based on and hereby claims priority to 
German Application No.1 02004054626.6 filed on Nov. 11, 
2004, the contents of which are hereby incorporated by ref
erence. 

BACKGROUND 

10 

Described below are methods for operating a radio com
munication system wherein a subscriber station is assigned a 15 

first and a second code for the purpose of transmitting mes-
sages. 

2 
codes for transmitting messages. In this case the different 
codes serve to distinguish different transmission channels 
used by the subscriber station, such as, for example, to dis
tinguish between channels for transmitting payload and sig
naling information, or to distinguish channels of different 
servIces. 

SUMMARY 

An aspect is to disclose an efficient method for operating a 
radio communication system wherein a subscriber station is 
assigned a first and a second code for the purpose of trans
mitting messages. Devices for performing the method are 
also to be presented. 

According to a first method for operating a radio commu-
nication system, a subscriber station is assigned a plurality of 
codes for transmitting messages. A transmit power difference 
to be maintained by the subscriber station is determined 
between on the one hand the total maximum transmit power 

20 of the subscriber station for the plurality of codes and on the 
other hand the total transmit power of the subscriber station 
for the plurality of codes at the start of a message transmission 
using a first of the plurality of codes. 

In radio communication systems, messages containing, for 
example, voice information, image information, video infor
mation, SMS (Short Message Service), MMS (Multimedia 
Messaging Service) or other data are transmitted between a 
transmitting radio station and a receiving radio station via a 
radio interface with the aid of electromagnetic waves. 
Depending on the physical embodiment of the radio commu
nication system, the radio stations in this case can be different 
types of subscriber radio stations or network-side radio sta
tions such as base stations. In a mobile radio communication 
system at least some of the subscriber stations are mobile 
radio stations. The electromagnetic waves are emitted by 
carrier frequencies that lie in the frequency band provided for 30 

the respective system. 

According to a second method for operating a radio com-
25 munication system wherein a subscriber station is assigned a 

plurality of codes for transmitting messages, a previously 
determined transmit power difference is maintained by the 
subscriber station between on the one hand the total maxi-

Mobile radio communication systems are often embodied 
as cellular systems, for example conforming to the GSM 
(Global System for Mobile Communication) or UMTS (Uni
versal Mobile Telecommunications System) standard, having 35 

a network infrastructure formed of base stations, devices for 
monitoring and controlling the base stations and further net
work-side equipment. Apart from these cellular, hierarchical 
radio networks organized as wide area (supralocal) networks 
there are also wireless local networks such as, for example, 40 

WLAN s (Wireless Local Area Networks) having a radio cov
erage area that is generally considerably more limited geo
graphically. The cells covered by the radio access points (AP: 
Access Point) of the WLANs are usually small compared 
with typical mobile radio cells. Examples of different stan- 45 

dards for WLAN s are HiperLAN, DECT, IEEE 802.11, Blue
tooth and WATM. 

mum transmit power of the subscriber station for the plurality 
of codes and on the other hand the total transmit power of the 
subscriber station for the plurality of codes at the start of a 
message transmission using a first of the plurality of codes. 

The subscriber station is assigned at least a first and a 
second code for the purpose of transmitting messages. Each 
of the different codes can be a combination of a plurality of 
individual codes; thus, according to UMTS, for example, the 
combination consisting of a spreading and a scrambling code. 
In addition to the plurality of codes that are involved in the 
method described below, further codes can also be used by the 
subscriber station for the purpose of transmitting messages. 

A transmit power difference which is to be maintained by 
the subscriber station between a first and a second transmit 
power is determined. A difference between two values is 
maintained if the distance between the two values is greater 
than or equal to the difference. The first of the two transmit 
powers is the total maximum transmit power of the subscriber 
station for the plurality of codes, i.e. the maximum transmit 
power, when the subscriber station uses the plurality of codes 
in parallel for transmitting messages. The maximum transmit 

Access by subscriber stations to the common transmission 
medium is controlled in radio communication systems by 
multiple access (MA) methods/multiplex methods. With 
these multiple access techniques the transmission medium 
can be divided up between the subscriber stations in the time 
domain (Time Division Multiple Access, TDMA), in the fre
quency domain (Frequency Division Multiple Access, 
FDMA), in the code domain (Code Division MultipleAccess, 
CDMA) or in the space domain (Space Division Multiple 
Access, SDMA). Combinations of multiple access methods 
are also possible. 

50 power for the parallel use of a plurality of codes is preferably 
predetermined by the hardware of the subscriber station, 
which is to say, for example, by the power amplifier which is 
intended to amplifY in a linear manner but produces a non
linear signal distortion in the power end range, for which 

55 reason it is not used in the end range. It is, however, also 
possible for the maximum transmit power for the parallel use 
of a plurality of codes of the subscriber station to be pre
defined on the network side. 

With code division multiple access methods, subscriber
specific codes are used for communication with subscriber 60 

stations, with the result that in the downlink direction the 
respective subscriber station or, as the case may be, in the 
uplink direction network-side devices can differentiate the 
messages to or from the subscriber station from the messages 
to or from other subscriber stations by establishing a correla- 65 

tion between the received signal and the subscriber-specific 
code. It is possible for a subscriber station to use a plurality of 

The second of the two transmit powers is the total transmit 
power of the subscriber station for the plurality of codes at the 
start of a message transmission using a first of the codes. This 
corresponds to the sum of the transmit power for the first code 
and the transmit power for the remaining code or codes, and 
moreover in each case at the time of the start of the message 
transmission using the first code. If no message transmission 
using the remaining code or codes is performed precisely at 
the time of the start of the message transmission using the first 
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code, but instead is only initiated a short time later, then the 
transmit power for the remaining code or codes at the point in 
time occurring a short time later can be used for the sum 
forming operation described. 

4 
In addition or alternatively, the subscriber station can 

maintain a previously determined transmit power difference 
between, on the one hand, the total maximum transmit power 
of the subscriber station for the plurality of codes and, on the 
other hand, the total transmit power of the subscriber station 
for the plurality of codes at the start of a message transmission 
using a first of the plurality of codes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

If messages are transmitted using the first code at specific 
time intervals rather than continuously, the start of a time 
interval of this kind corresponds to the start of the message 
transmission using the first code. The method described 
below can be applied in relation to any such start time, i.e. to 
any message transmission using the first code, or to a subset 10 

of the start times. 
The radio communication system under consideration can 

be a cellular mobile radio communication system, in particu-
lar a UTMS radio communication system, or also a local radio 
communication system. 

These and other objects and advantages will become more 
apparent and more readily appreciated from the following 
description of an exemplary embodiment, taken in conjunc-

15 tion with the accompanying drawings of which: 
FIG. 1 is a pictorial diagram of a portion of a radio com-the transmit power difference may be detennined on the 

network side and a base station sends the subscriber station a 
message containing infonnation relating to the determined 
transmit power difference. In this case the transmit power 
difference is determined not by the subscriber station, but by 20 

one or more devices of the infrastructure network of the radio 

munication system. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

communication system, in particular by the base station. 
After the network-side detennination of the transmit power 
difference, information relating to the determined transmit 
power difference is notified to the subscriber station so that 
the subscriber station can extract the transmit power differ
ence from the information or determine the transmit power 
difference from the infonnation. 

Reference will now be made in detail to the preferred 
embodiments, examples of which are illustrated in the 
accompanying drawings, wherein like reference numerals 

25 refer to like elements throughout. 

It is advantageous if the message to the subscriber station 
also contains infonnation relating to a maximum data rate to 30 

be used by the subscriber station for the message transmission 
using the first code. 

The transmit power difference may be determined as a 
function ofa property of the base station and/or the radio cell 
of the base station, and/or of an interference situation, and/or 35 

of at least one service used by the subscriber station, and/or of 
a classification of the subscriber station. In this way the trans
mit power difference can be defined differently from base 
station to base station or, as the case may be, from radio cell 
to radio cell under conditions that are otherwise identical. 40 

FIG. 1 shows a section of a UMTS radio communication 
system with a subscriber station UE (UE: User Equipment) 
and a base station NODE B. The base station NODE B is 
connected to further network-side devices of the infrastruc-
ture network NET. In the uplink (UL) direction the commu
nication, i.e. the message transmission from the subscriber 
station UE to the base station NODE B, takes place on a 
dedicated channel, described, for example, in [3GPP TS 
25.211 V6.2.0, 3rd Generation Partnership Project; Technical 
Specification Group Radio Access Network; Physical chan
nels and mapping of transport channels onto physical chan-
nels (FDD)]. For this purpose the subscriber station UE is 
assigned the code DCH. A second code EDCH (Enhanced 
Dedicated Uplink Channel) is assigned to the subscriber sta
tion UE, in particular for transmitting high bit rate traffic. 

In order to regulate the power in accordance with a closed 
loop power control, the base station NODE B sends the sub
scriber station UE power control instructions, the TPC bits, at 
regular intervals, i.e. information as to whether the transmit 

With regard to the interference, the interference within the 
cell to which the subscriber station is assigned, and/or within 
cells adjacent to this cell, can be taken into account. It is 
advantageous in particular to take into account the type of 
service used by the subscriber station by transmitting mes
sages using the first code during the determination of the 
transmit power difference. Subscriber stations can be classi
fied or prioritized on the network side and handled in accor
dance with this classification during the determination of the 
transmit power difference. 

45 power is to be increased or decreased by the subscriber station 
UE. The subscriber station UE is subject to a maximum value 
for the transmit power which cannot be exceeded. In deterio
rating radio transmission conditions the subscriber station UE 
is requested by the base station NODE B to increase its 

50 transmit power. The transmit power can be increased at most 
up to the maximum value of the transmit power of the sub
scriber station UE. If the subscriber station UE receives a 
further request to increase its transmit power after reaching 

The transmit power difference may be detennined by the 
subscriber station. This difference can be determined in par
ticular as a function of a plurality of transmit powers used in 
the past by the subscriber station for a second code, in par
ticular using the variance of these transmit powers. This tak- 55 

ing into account of the transmit powers used in the past can 
also be indirect, in that power control infonnationreceived by 
the subscriber station in respect of the transmit powers used 
for the second code is used. 

The network-side device and the subscriber station can 60 

have a transmit power difference which is to be maintained by 
the subscriber station between, on the one hand, the total 
maximum transmit power of the subscriber station for the 
plurality of codes and, on the other hand, the total transmit 
power of the subscriber station for the plurality of codes at the 65 

start of a message transmission using a first of the plurality of 
codes. 

the maximum value of its transmit power, it can adjust the 
TFC (Transport Fonnat Combination) used by it. For each 
physical channel the TFC specifies the ratio of coded data, i.e. 
the total data, to the payload data, and consequently the data 
rate. For a given radio channel each TFC is uniquely linked to 
a transmit power. Under constant radio traffic conditions, 
therefore, a switch to a TFC with a lower data rate corre
sponds to a switch to a lower transmit power. In order to 
comply with the request of the base station NODE B for a 
transmit power increase, the subscriber station UE can thus 
switch to a TFC with a lower data rate and leave the transmit 
power unchanged or reduce it. The switching of a TFC can 
only take place at specific times, and moreover at specific TTl 
limits (TTl: Transmission Time Interval). 
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If the subscriber station UE uses not just the code DCH, but 
the two codes EDCH and DCH in parallel, the situation in 
which the subscriber station UE reaches the maximum value 
of its transmit power occurs more often than if the subscriber 
station UE uses only the code DCH. There are the following 
reasons for this: 

The total transmit power of the subscriber station UE when 
using a plurality of codes is produced from the sum of 
the transmit powers of the individual codes. The total 
transmit power of the subscriber station UE is therefore 10 

higher on average, the more codes it uses. 
The code EDCH is intended to be used for transmitting 

high bit rate data packets to the base station NODE B. In 
keeping with the link between data rate and transmit 
power via the TFC, the subscriber station UE requires a 15 

higher transmit power for the code EDCH than for the 
code DCH. 

If the subscriber station UE uses the two codes EDCH and 
DCH in parallel, the maximum value of the transmit 
power can be reduced compared with the case where it 20 

uses only the code DCH. The reason for this is that in a 
multicode transmission the PAR value (PAR: Peak to 
Average Ratio) can be worse. This reduction in the maxi
mum transmit power in a multi code transmission applies 

6 
base station NODE B is indispensable. Aborting the trans
mission of the EDCH message means wasting radio 
resources, since the incomplete EDCH message cannot be 
evaluated on the network side, yet interference has been gen
erated due to the incomplete transmission of the EDCH mes
sage. 

The subscriber station UE is notified by the base station 
NODE B prior to the transmission of an EDCH message of 
which TFC may be used at a maximum for this transmission, 
i.e. the maximum possible data rate for the EDCH message. 
Before the transmission of the EDCH message the subscriber 
station UE specifies a TFC which will be used for the EDCH 
message, taking into account that the maximum data rate 
assigned to it by the base station NODE B may not be 
exceeded. According to the radio traffic conditions or, as the 
case may be, the radio charmel between the subscriber station 
UE and the base station NODE B, a specific transmit power 
for the transmission of the EDCH message is linked to the 
selected TFC under constant propagation conditions. 

If the subscriber station UE chooses a high data rate and 
therefore a high transmit power for the transmission of the 
EDCH message, it is possible that it will receive a request to 
increase the transmit power several times during the trans
mission of the EDCH message, which ultimately can lead, as 

to most subscriber stations; if this reduction were to be 
avoided, higher requirements in terms of the linearity of 
the amplifiers of the subscriber stations would be nec
essary. 

25 described in the foregoing, to the abortion of the transmission 
of the EDCH message since the maximum transmit power of 
the subscriber station UE would have been exceeded. If, on 
the other hand, the subscriber station UE chooses a low data 
rate and therefore a low transmit power for the transmission of The length of an EDCH message (TTl: Transmission Time 

Interval) is 10 ms. During this time the subscriber station UE 
receives 15 TPC bits. The TFC for the code EDCH cannot be 
changed during the TTl, i.e. the subscriber station UE can 
respond to an instruction from the base station NODE B to 
increase its transmit power only by increasing the transmit 
power; adjusting the TFC for the code EDCH is not possible 
during the transmission of an EDCH message. Another pos
sible way to respond to the request from the base station 
NODE B to increase the transmit power is to adjust the TFC 
for the code DCH. This can be switched by the subscriber 
station UE at the start of a TTl for the code DCH. The times 40 

of the TTl start of the two codes DCH and EDCH can be 
different from each other. In this way it is possible for the 
subscriber station UE to comply with the request to increase 
the transmit power during the transmission of an EDCH mes
sage by changing the TFC for the code DCH and thereby 
enabling the transmit power for the code EDCH to be 
increased if a suitable TTl limit for switching over the TFC is 
present. This is only possible, however, if the subscriber sta
tion UE is not already using the lowest possible data rate for 
the code DCH. However, this smallest TFC corresponding to 
the lowest possible data rate is always used by the subscriber 
station UE when it has little data to be transmitted using the 
code DCH. 

30 the EDCH message, it is possible that ifthere are few requests 
to increase the transmit power a large part of the total transmit 
power available to the subscriber station UE will not be used 
and consequently a lower data rate was used for the EDCH 
message than would be possible and desirable from the point 

35 of view of the subscriber station UE. In selecting the TFC for 
the transmission of an EDCH message a compromise must 
therefore be found between a high data rate for the EDCH 
message and a reliable, i.e. complete, transmission of the 
EDCH message. 

In order to solve this problem, it is proposed that a transmit 
power difference which is to be maintained by the subscriber 
station UE be determined by the base station NODE B. The 
transmit power difference, which can be termed the "power 
headroom", is required to exist between the total transmit 

45 power for the two codes DCH and EDCH at the start of the 
transmission of an EDCH message and the maximum trans
mit power for the two codes DCH and EDCH. The transmit 
power difference thus corresponds to an nnused transmit 
power at the start of the transmission of an EDCH message. 

50 For illustration purposes a numeric example will be consid
ered: 

If when using the two codes EDCH and DCH the sub
scriber station UE reaches the (reduced) maximum value of 55 

the transmit power during the transmission of an EDCH mes
sage, and if it receives instructions from the base station 
NODE B to continuously increase its transmit power, it must 
abort the transmission of the EDCH message before the end 

The maximum transmit power of the subscriber station UE 
when using only the code DCH, i.e. without multicode 
transmission, is 21 dBm. 

Let the maximum transmit power of the subscriber station 
UE when using the two codes DCH and EDCH be 
reduced by 3 dB compared to the maximum transmit 
power when using only one code, i.e. it amonnts to 21 
dBm-3 dB=18 dBm. 

of the EDCH message if an adjustment of the TFC of the code 60 

DCH is not possible. Aborting the message transmission of 
the code DCH is not possible, for if the base station NODE B 
can no longer receive the messages of the code DCH, the 
connection between the base station NODE B and the sub-
scriber station UE is interrupted, with the result that the 65 

maintaining of the communication using the code DCH for 
upholding the connection between subscriber station UE and 

For the code DCH let the subscriber station UE use the 
minimum possible data rate, this corresponding to a 
transmit power for the code DCH of 3 dBm given a 
specific assumed radio propagation condition. Thus, a 
maximum of18 dBm-3 dB=15 dBm is available for the 
codeEDCH. 

Let the base station NODE B specifY a transmit power 
difference of 8 dB for the subscriber station UE. This 
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yields the maximum transmit power to be used by the 
subscriber station UE at the start of the transmission of 
the EDCH message as: 18 dBm-3 dB-8 dB=7 dBm. 

The transmit power difference can be determined in the 
base station NODE B as a function of a number of parameters: 

The Type of Cell of the Base Station NODE B. 
A distinction can be made between "capacity limited" and 

"coverage limited" cells. A "capacity limited" cell is a cell in 
which the transmit power of the base station that is to be 
divided up among the subscriber stations in the downlink 10 

direction is the limiting factor for the cell size. This applies 
mostly to small cells in urban areas. The subscriber stations in 
such cells generally transmit at low transmit power, so the 
maximum transmit power of the subscriber stations is seldom 
reached. No large "power headroom" must therefore be set 15 

for a "capacity limited" cell, i.e. a base station of a "capacity 
limited" cell defines only small transmit power differences. A 
"coverage limited" cell is a cell in which the transmit power of 
the subscriber stations in the uplink direction is the limiting 
factor for the cell size. This applies mostly to large cells in 20 

rural areas. Since the subscriber stations of a "coverage lim
ited" cell frequently reach their maximum transmit power, a 
large "power headroom" should be set at the start of the 
transmission of an EDCH message to ensure that sufficient 
scope for increasing the transmit power during the transmis- 25 

sion of the EDCH message is present. A base station of a 
"coverage limited" cell will therefore define high transmit 
power differences. 

8 
the transmission of an EDCH message does not have an 
overly negative impact. The aborted EDCH messages can be 
transmitted in full at a later time. Examples of this are non
realtime games. A low transmit power difference should be 
specified for the latter-mentioned services to ensure that a 
high data rate (maximum throughput) can be achieved for the 
EDCH messages. 

The Strategy of the Network Operator in Respect of the 
EDCH. 

If a high data throughput is to be achieved overall for all 
users via the EDCH, low transmit power differences should 
be defined by the base stations. 

The Class of the Subscriber Station. 
The subscriber stations can be classified, with subscriber 

stations belonging to a higher priority class having to main
tain a lower transmit power difference than subscriber sta
tions belonging to a lower priority class. Threshold values, for 
example, can be used as maximum values of the transmit 
power difference for subscriber stations belonging to certain 
classes. The lowering of the transmit power difference as the 
priority of the subscriber stations increases can be explained 
by the fact that the base station must divide up the total 
interference that is tolerable for the EDCH at its receiver for 
the EDCH channel of all subscriber stations between the 
subscriber stations. In particular the subscriber stations which 
are at a great distance from the base station generate an 
increased amount of interference. Using a low transmit power 
difference, a high priority subscriber station is allocated a 
large proportion of the interference that is to be divided up The Current Interference Situation in the Cell or in an Area 

Formed by a Plurality of Cells. 30 between the subscriber stations. When a high transmit power 
difference is to be maintained a subscriber station can decide 
that the respective data rate for the EDCH message is so small 
that it will dispense with the transmission of the EDCH mes-

The greater the current interference in a cell and/or in the 
surrounding cells, the higher the transmit power differences 
should be specified. The consequence of this is that subscriber 
stations which are located in the vicinity of the receiving base 
station and which therefore require a low transmit power and 35 

so generate little interference receive preference, i.e. achieve 
greater data rates for the EDCH messages than the more 
remote subscriber stations. Owing to the fact that the sub
scriber stations in the vicinity of the base station must use 
only low transmit powers to achieve high data rates, their 40 

EDCH transmissions scarcely experience any restrictions due 
to large transmit power differences. In contrast, subscriber 
stations which are very distant from the base station are 
subject to restrictions in respect of the transmission ofEDCH 
messages, since only a low data rate is possible for the EDCH 45 

messages due to the great distance from the receiving base 
station or during the soft handover to the receiving base 
stations and due to the high transmit power difference, with 
the consequence that many of these subscriber stations must 
forego the transmission of EDCH messages. As a result the 50 

subscriber stations generate little interference in the sur
rounding cells. Specifying the transmit power difference thus 
represents a controlling intercell interference. 

sage. If a high value for the transmit power difference is 
determined for the subscriber stations when a high level of 
interference is present, it is possible at these times for EDCH 
messages to be transmitted only by subscriber stations which 
have been assigned a high priority, since the defined transmit 
power difference is too high for the transmission of an EDCH 
message for the lower priority subscriber stations. The clas
sification can have an effect on the billing of the respective 
subscriber. 

When determining the transmit power difference the base 
station NODE B can use one of the described parameters or 
combinations of the parameters. The transmit power differ
ence can be determined on a subscriber-station-specific basis, 
i.e. for individual subscriber stations, or for a group of sub
scriber stations or for all subscriber stations which use a code 
EDCH. 

The transmit power difference is signaled to the subscriber 
station UE by the base station NODE B. It is possible that the 
subscriber station UE has to maintain the transmit power 
difference exactly, i.e. that the sum formed from the transmit 
powers for the two codes DCH and EDCH at the start of the The Service Used by a Subscriber Station in Respect of the 

CodeEDCH. 
A distinction can be made between two basic types of 

services. Firstly there are services in which a minimum ser
vice rate is guaranteed (referred to as the Guaranteed Bit Rate, 

55 transmission of the EDCH message differs from the maxi
mum transmit power available for the two codes DCH and 
EDCH precisely by the transmit power difference, or that the 
transmit power difference defined by the base station NODE 
B represents a minimum value which must be present at least or GBR). These can be realtime services in which a reliable 

transmission is necessary, such as, for example, videotele
phony and online gaming. A high transmit power difference 
should be specified for these services so that even if the radio 
channel deteriorates during the transmission of an EDCH 
message this can be made up for by an increase in the transmit 
power and the EDCH message can be transmitted without 65 

having to be aborted. Secondly there are services in which a 
high data rate is required, while an occasional breakdown in 

60 between the sum of the transmit powers for the two codes 
DCH and EDCH at the start of the transmission of the EDCH 
message and the maximum transmit power available for the 
two codes DCH and EDCH. The determined transmit power 
difference can be signaled using a message introduced spe
cifically for these purposes, though the information relating to 
the transmit power difference can also be integrated into 
another message. It is advantageous in particular if a message 
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is sent from the base station NODE B to the subscriber station 
UE containing both the specification of the transmit power 
difference requiring to be maintained and the specification of 
the TFC with the maximum data rate that may be used by the 
subscriber station UE for the respective transmission of the 
EDCH message. If the same transmit power difference is 
determined for a plurality of subscriber stations, these can be 
informed of the defined transmit power difference in a joint 
notification. 

10 
method further comprises sending from a base station to 
the subscriber station a message containing infonnation 
relating to the transmit power difference as determined 
by the network device. 

3. The method as claimed in claim 2, wherein the message 
to the subscriber station contains information relating to a 
maximum data rate to be used by the subscriber station for the 
message transmission using the first code. 

4. The method as claimed in claim 3, wherein said deter-
While the case has been described in which the transmit 

power difference is detennined by the base station, the trans
mit power difference can also be determined by a device 
controlling the base station NODE B, such as, for example, by 

10 mining of the transmit power difference is based on a function 
of at least one of a property of the base station, a property of 
a radio cell of the base station, an interference situation, at 
least one service used by the subscriber station, and a classi-a CRNC (Controlling RNC). This device then informs the 

base station NODE B of the defined transmit power differ
ence. As described above in relation to the message transmis
sion between base station and subscriber station, the infor
mation relating to the defined transmit power difference is 
preferably contained in a message which also includes the 
specification of the TFC with the maximum data rate that may 20 

be used by the subscriber station for the respective transmis
sion of the EDCH message. 

15 fication of the subscriber station. 

As an alternative to the transmit power difference being 
defined by the base station NODE B, it can also be determined 
by the subscriber station UE. In this case the subscriber sta- 25 

tion UE can take into account the instructions received in the 
past concerning the transmit power control in relation to the 
code DCH, i.e. the TPC bits. If the transmit power for the code 
DCH within a specific period of time in the past lies, for 
example in the range between -10 dBm and + 1 0 dBm, i.e. if 30 

the transmit power for the code DCH exhibits a great vari
ance, the transmit power difference will be defined as a higher 
value by the subscriber station UE than in the case of a small 
variance, which is to say, for example, if the transmit power 
for the code DCH within the specific period of time in the past 35 

lies in the range between -3 dBm and +3 dBm. Thus, the 
variance of the transmit powers of a first channel, of the code 
DCH, is used to determine the transmit power for a second 
channel, for the code EDCH. The actual value for the transmit 
power of the code EDCH is determined by the subscriber 40 

station from the transmit power difference, the current value 
of the transmit power for the code DCH, the TFC for the code 
EDCH, the maximum value of which is predefined for it by 
the base station NODE B, its maximum transmit power for 
multicode transmission, and the current radio transmission 45 

conditions. 
A description has been provided with particular reference 

5. The method as claimed in claim 2, wherein said deter
mining of the transmit power difference is based on a function 
of at least one of a property of the base station, a property of 
a radio cell of the base station, an interference situation, at 
least one service used by the subscriber station, and a classi
fication of the subscriber station. 

6. The method as claimed in claim 1, wherein said deter
mining of the transmit power difference is performed by the 
subscriber station. 

7. The method as claimed in claim 6, wherein said deter
mining of the transmit power difference is based on a function 
of a plurality of transmit powers used previously by the sub
scriber station for a second of the codes. 

8. The method as claimed in claim 7, wherein the radio 
communication system is a Universal Mobile Telecommuni
cations System radio communication system. 

9. A method for operating a radio communication system in 
which a subscriber station is assigned a plurality of codes for 
transmitting messages, comprising: 

maintaining a previously detennined transmit power dif-
ference by the subscriber station between on one hand a 
total maximum transmit power of the subscriber station 
for the codes and on another hand a total transmit power 
of the subscriber station for the codes at a start of a 
message transmission using a first one of the codes. 

1 0. The method as claimed in claim 9, wherein the transmit 
power difference is determined on the network side and a base 
station sends the subscriber station a message containing 
information relating to the defined transmit power difference. 

11. The method as claimed in claim 10, wherein the mes
sage to the subscriber station contains infonnation relating to 
a maximum data rate to be used by the subscriber station for 
the message transmission using the first code. 

12. The method as claimed in claim 11, wherein said deter-
to preferred embodiments thereof and examples, but it will be 
understood that variations and modifications can be effected 
within the spirit and scope of the claims which may include 
the phrase "at least one of A, B and C" as an alternative 
expression that means one or more of A, B and C may be used, 
contrary to the holding in Superguide V. DlRECTV, 358 F3d 
870,69 USPQ2d 1865 (Fed. Cir. 2004). 

50 mining of the transmit power difference is based on a function 
of at least one of a property of the base station, a property of 
a radio cell of the base station, an interference situation, at 
least one service used by the subscriber station, and a classi
fication of the subscriber station. 

The invention claimed is: 
1. A method for operating a radio communication system in 

which a subscriber station is assigned a plurality of codes for 
transmitting messages, comprising: 

detennining a transmit power difference which is to be 
maintained by the subscriber station between on one 
hand a total maximum transmit power of the subscriber 
station for the codes and on another hand a total transmit 
power of the subscriber station for the codes at a start of 
a message transmission using a first one of the codes. 

2. The method as claimed in claim 1, 
wherein said detennining of the transmit power difference 

is perfonned by a network device, and wherein said 

55 13. The method as claimed in claim 10, wherein said deter-
mining of the transmit power difference is based on a function 
of at least one of a property of the base station, a property of 
a radio cell of the base station, an interference situation, at 
least one service used by the subscriber station, and a classi-

60 fication of the subscriber station. 
14. The method as claimed in claim 9, wherein said deter

mining of the transmit power difference is performed by the 
subscriber station. 

15. The method as claimed in claim 14, wherein said deter-
65 mining of the transmit power difference is based on a function 

of a plurality of transmit powers used previously by the sub
scriber station for a second of the plurality of codes. 
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16. The method as claimed in claim 15, wherein the radio 
communication system is a Universal Mobile Telecommuni
cations System radio communication system. 

17. A base station in a radio communication system in 
which a subscriber station is assigned a plurality of codes for 
transmitting messages, comprising: 

at least one processor programmed to determine a transmit 
power difference which is to be maintained by the sub
scriber station between on one hand a total maximum 10 

transmit power of the subscriber station for the codes 
and on another hand a total transmit power of the sub
scriber station for the codes at a start of a message 
transmission using a first one of the codes. 

12 
18. A subscriber station for a radio communication system, 

the subscriber station assigned a plurality of codes for trans
mitting messages, comprising: 

at least one processor programmed to determine a transmit 
power difference which is to be maintained by the sub
scriber station between on one hand a total maximum 
transmit power of the subscriber station for the codes 
and on another hand a total transmit power of the sub
scriber station for the codes at a start of a message 
transmission using a first one of the codes. 

19. A subscriber station as claimed in claim 18, wherein 
said at least one processor is further programmed to maintain 
the transmit power difference. 

* * * * * 
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(57) ABSTRACT 

An apparatus, system and method for increasing buffer status 
reporting efficiency and adapting buffer status reporting 
according to uplink capacity. User equipment is configured a 
monitor a usage of a plurality of buffers, detect one of a 
plurality of pre-selected conditions corresponding to at least 
one of the plurality of buffers, designate one of a plurality of 
buffer status reporting formats depending on the pre-selected 
condition detected, communicate a buffer status report to a 
network device in accordance with the buffer status reporting 
format designated. The buffer status reporting format is con
figured to minimize buffer status reporting overhead created 
by the communicating of the buffer status report. 
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APPARATUS, SYSTEM, AND METHOD FOR 
DESIGNATING A BUFFER STATUS 
REPORTING FORMAT BASED ON 

DETECTED PRE-SELECTED BUFFER 
CONDITIONS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority of U.S. Provisional Patent 
Application No. 601996,168, filed on Nov. 5, 2007. The sub
ject matter of this earlier application is hereby incorporated 
by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention is directed, in part, to methods and 

systems for communicating buffer status reports. 
2. Description of the Related Art 
Scheduling information to support uplink scheduling 

operations has been introduced in High-Seed Uplink Packet 
Access (HSUPA). Scheduling information in HSUPA basi
cally consists of buffer status and power headroom reports. 
However, communicating buffer status reports under cur
rently available solutions is inefficient and inflexible due to an 
inability to adjust buffer status report formats in accordance 
with a need to report uplink availability. 

SUMMARY OF THE INVENTION 

The present invention has been developed in response to 
the present state of the art, and in particular, in response to the 
problems and needs in the art that have not yet been fully 
solved by currently available communication system tech
nologies. Accordingly, the present invention has been devel
oped to enable a buffer status reporting apparatus, system, 
and method. 

In one embodiment of the present invention, a method 
comprises monitoring a usage of a plurality of buffers, detect
ing one of a plurality of pre-selected conditions correspond
ing to the plurality of buffers, designating one of a plurality of 
buffer status reporting formats depending on the pre-selected 
condition detected, and communicating a buffer status report 
to a network device in accordance with the buffer status 
reporting format designated. In certain embodiments, the 
buffer status reporting format minimizes buffer status report
ing overhead created by the communicating of the buffer 
status report. In some embodiments, the plurality of pre
selected conditions comprises a buffer associated with a radio 
bearer group storing data beyond a pre-selected threshold. 

In certain embodiments, the plurality of buffer status 
reporting formats comprises a long buffer status reporting 
format and a short buffer status reporting format. The short 
buffer status reporting format may correspond to reporting a 
buffer status of a single radio bearer group. Additionally, the 
long buffer status reporting format corresponds to reporting a 
buffer status of multiple radio bearer groups. 

In some embodiments, the designating unit is configured to 
only designate the long buffer status reporting format when 
there is sufficient uplink capacity to communicate using the 
long buffer status reporting format. In certain embodiments, 
the designating unit is configured to only designate the long 
buffer status reporting format when multiple buffers for dif
ferent radio bearer groups storing data beyond a pre-selected 
threshold. In some embodiments, the designating unit is con-

2 
figured to designate the short buffer status reporting format 
when there is insufficient uplink capacity. 

In some embodiments, the short buffer status reporting 
format may comprise 1 byte of information and the long 
buffer status reporting format comprises 3 bytes of informa
tion. However, in other embodiments the short buffer status 
reporting format may also comprise a 2-bitradio bearer group 
identifier and a 6-bit buffer size. In certain embodiments, the 
long buffer status reporting format comprises four segments 

10 of 6-bits of information, each segment thereof corresponding 
to a distinct radio bearer group. In certain embodiments, the 
method may also include selecting a buffer status of a radio 
bearer group of a highest priority. The radio bearer group of 
the highest priority may comprise a radio bearer group having 

15 a most amount of data in a radio bearer group buffer. 
In another embodiment of the present invention, an appa

ratus comprises a monitoring unit configured to monitor a 
usage of a plurality of buffers, a detecting unit configured to 
detect one of a plurality of pre-selected conditions corre-

20 sponding to the plurality of buffers, a designating unit con
figured to designate one of a plurality of buffer status report
ing formats depending on the pre-selected condition detected, 
and a communicating unit configured to communicate a 
buffer status report to a network device in accordance with the 

25 buffer status reporting format designated. 
In certain embodiments, the buffer status reporting format 

is configured to minimize buffer status reporting overhead 
created by the communicating of the buffer status report. The 
short buffer status reporting format may correspond to report-

30 ing a buffer status of a single radio bearer group. Additionally, 
the long buffer status reporting format corresponds to report
ing a buffer status of multiple radio bearer groups. 

In some embodiments, the designating unit is configured to 
only designate the long buffer status reporting format when 

35 there is sufficient uplink capacity to communicate using the 
long buffer status reporting format. In certain embodiments, 
the designating unit is configured to only designate the long 
buffer status reporting format when multiple buffers for dif
ferent radio bearer groups storing data beyond a pre-selected 

40 threshold. In some embodiments, the designating unit is con
figured to designate the short buffer status reporting format 
when there is insufficient uplink capacity. 

In some embodiments, the short buffer status reporting 
format may comprise 1 byte of information and the long 

45 buffer status reporting format comprises 3 bytes of informa
tion. However, in other embodiments the short buffer status 
reporting format may also comprise a 2-bitradio bearer group 
identifier and a 6-bit buffer size. In certain embodiments, the 
long buffer status reporting format comprises four segments 

50 of 6-bits of information, each segment thereof corresponding 
to a distinct radio bearer group. In certain embodiments, the 
method may also include selecting a buffer status of a radio 
bearer group of a highest priority. The radio bearer group of 
the highest priority may comprise a radio bearer group having 

55 a most amount of data in a radio bearer group buffer. 
In another embodiment of the present invention, an appa

ratus includes a monitoring means for monitoring a usage of 
a plurality of buffers, and a detecting means for detecting one 
of a plurality of pre-selected conditions corresponding to the 

60 plurality of buffers. The apparatus also includes a designating 
means for designating one of a plurality of buffer status 
reporting formats depending on the pre-selected condition 
detected, and a communicating means for communicating a 
buffer status report to a network device in accordance with the 

65 buffer status reporting format designated. 
In one embodiment of the present invention, a method 

comprises monitoring a usage of a plurality of buffers, detect-
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ing one of a plurality of pre-selected conditions correspond
ing to the plurality of buffers, designating one of a plurality of 
buffer status reporting fonnats depending on the pre-selected 
condition detected, and communicating a buffer status report 

4 
figured to designate the short buffer status reporting fonnat 
when there is insufficient uplink capacity. 

In some embodiments, the short buffer status reporting 
format may comprise 1 byte of infonnation and the long 
buffer status reporting format comprises 3 bytes of infonna
tion. However, in other embodiments the short buffer status 
reporting format may also comprise a 2-bitradio bearer group 
identifier and a 6-bit buffer size. In certain embodiments, the 
long buffer status reporting format comprises four segments 

to a network device in accordance with the buffer status 
reporting format designated. In certain embodiments, the 
buffer status reporting format minimizes buffer status report
ing overhead created by the communicating of the buffer 
status report. In some embodiments, the plurality of pre
selected conditions comprises a buffer associated with a radio 
bearer group storing data beyond a pre-selected threshold. 

In certain embodiments, the plurality of buffer status 
reporting fonnats comprises a long buffer status reporting 
format and a short buffer status reporting fonnat. The short 
buffer status reporting fonnat may correspond to reporting a 
buffer status of a single radio bearer group. Additionally, the 
long buffer status reporting format corresponds to reporting a 
buffer status of multiple radio bearer groups. 

10 of 6-bits of information, each segment thereof corresponding 
to a distinct radio bearer group. In certain embodiments, the 
method may also include selecting a buffer status of a radio 
bearer group of a highest priority. The radio bearer group of 
the highest priority may comprise a radio bearer group having 

15 a most amount of data in a radio bearer group buffer. 
In another embodiment of the present invention, an appa

ratus includes a monitoring means for monitoring a usage of 
a plurality of buffers, and a detecting means for detecting one 
of a plurality of pre-selected conditions corresponding to the 

In some embodiments, the designating unit is configured to 
only designate the long buffer status reporting fonnat when 
there is sufficient uplink capacity to communicate using the 
long buffer status reporting fonnat. In certain embodiments, 
the designating unit is configured to only designate the long 
buffer status reporting fonnat when multiple buffers for dif
ferent radio bearer groups storing data beyond a pre-selected 
threshold. In some embodiments, the designating unit is con
figured to designate the short buffer status reporting fonnat 
when there is insufficient uplink capacity. 

20 plurality of buffers. The apparatus also includes a designating 
means for designating one of a plurality of buffer status 
reporting fonnats depending on the pre-selected condition 
detected, and a communicating means for communicating a 
buffer status report to a network device in accordance with the 

25 buffer status reporting fonnat designated. 
In yet another embodiment of the present invention, a 

computer-readable medium is encoded with a computer pro
gram configured to control a processor to perform operations 
that include monitoring a usage of a plurality of buffers, and 

In some embodiments, the short buffer status reporting 
format may comprise 1 byte of information and the long 
buffer status reporting fonnat comprises 3 bytes of infonna
tion. However, in other embodiments the short buffer status 
reporting format may also comprise a 2-bit radio bearer group 
identifier and a 6-bit buffer size. In certain embodiments, the 
long buffer status reporting format comprises four segments 
of 6-bits of information, each segment thereof corresponding 

30 detecting one of a plurality of pre-selected conditions corre
sponding to the plurality of buffers. The operations also 
include designating one of a plurality of buffer status report
ing fonnats depending on the pre-selected condition detected, 
and communicating a buffer status report to a network device 

35 in accordance with the buffer status reporting fonnat desig
nated. 

to a distinct radio bearer group. In certain embodiments, the 
method may also include selecting a buffer status of a radio 
bearer group of a highest priority. The radio bearer group of 40 

the highest priority may comprise a radio bearer group having 
a most amount of data in a radio bearer group buffer. 

In another embodiment of the present invention, an appa
ratus comprises a monitoring unit configured to monitor a 
usage of a plurality of buffers, a detecting unit configured to 45 

detect one of a plurality of pre-selected conditions corre
sponding to the plurality of buffers, a designating unit con
figured to designate one of a plurality of buffer status report
ing fonnats depending on the pre-selected condition detected, 
and a communicating unit configured to communicate a 50 

buffer status report to a network device in accordance with the 
buffer status reporting fonnat designated. 

In certain embodiments, the buffer status reporting fonnat 
is configured to minimize buffer status reporting overhead 
created by the communicating of the buffer status report. The 55 

short buffer status reporting format may correspond to report
ing a buffer status of a single radio bearer group. Additionally, 
the long buffer status reporting fonnat corresponds to report
ing a buffer status of multiple radio bearer groups. 

In some embodiments, the designating unit is configured to 60 

only designate the long buffer status reporting fonnat when 
there is sufficient uplink capacity to communicate using the 
long buffer status reporting fonnat. In certain embodiments, 
the designating unit is configured to only designate the long 
buffer status reporting fonnat when multiple buffers for dif- 65 

ferent radio bearer groups storing data beyond a pre-selected 
threshold. In some embodiments, the designating unit is con-

In yet another embodiment of the present invention, a 
computer-readable medium is encoded with a computer pro
gram configured to control a processor to perform operations 
that include monitoring a usage of a plurality of buffers, and 
detecting one of a plurality of pre-selected conditions corre
sponding to the plurality of buffers. The operations also 
include designating one of a plurality of buffer status report
ing fonnats depending on the pre-selected condition detected, 
and communicating a buffer status report to a network device 
in accordance with the buffer status reporting fonnat desig
nated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

To ensure that the invention will be readily understood, a 
more particular description of the invention briefly described 
above will be rendered by reference to specific embodiments 
illustrated in the appended drawings. Understanding that 
these drawings depict only typical embodiments of the inven
tion and are not to be considered to be limiting of its scope, the 
invention will be described and explained with additional 
specificity and detail through the use of the accompanying 
drawings, in which: 

FIG. 1 is a block diagram of a system in accordance with 
one embodiment of the present invention; 

FIG. 2 is a block diagram of user equipment in accordance 
with one embodiment of the present invention; 

FIG. 3 is a flow chart diagram of a method in accordance 
with one embodiment of the present invention; 

FIG. 4 is a flow chart diagram of a method in accordance 
with one embodiment of the present invention; 
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FIG. 5 is a block diagram representing a short buffer status 
reporting format in accordance with one embodiment of the 
present invention; and 

FIG. 6 is a block diagram representing a long buffer status 
reporting format in accordance with one embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT(S) 

It shall be readily understood that the components of the 
present invention, as generally described and illustrated in the 
Figures herein, may be arranged and designed in a wide 
variety of different configurations. Thus, the following more 
detailed description of the embodiments of the apparatus, 
system, and method of the present invention, as represented in 
the attached Figures, is not intended to limit the scope of the 
invention, as claimed, but is merely representative of selected 
embodiments of the invention 

Indeed, the features, structures, or characteristics of the 
invention described throughout this specification may be 
combined in any suitable manner in one or more embodi
ments. For example, reference throughout this specification 
to "certain embodiments," "some embodiments," or similar 
language means that a particular feature, structure, or char
acteristic described in counection with the embodiment is 
included in at least one embodiment of the present invention. 
Thus, appearances of the phrases "in certain embodiments," 
"in some embodiment," "in other embodiments," or similar 
language throughout this specification do not necessarily all 
refer to the same group of embodiments and the described 
features, structures, or characteristics may be combined in 
any suitable manner in one or more embodiments. 

FIG. 1 is a block diagram of a system 100 in accordance 
with one embodiment of the present invention. The depicted 
system 100 includes user equipment (UE) 110 and a network 
device 120. The components of the system 100 cooperate to 
maximize buffer status reporting efficiency in accordance 
with an uplink capacity. 

In certain embodiments, the network device 120 is config
ured to receive buffer status reports from the user equipment 
110. In some embodiments, the user equipment is configured 
to monitor a usage of a plurality of buffers and detect one of 
a plurality of pre-selected conditions corresponding to at least 
one of the plurality of buffers. In certain embodiments, the 
user equipment is also configured to designate one of a plu
rality of buffer status reporting formats depending on the 
pre-selected condition detected and communicate a buffer 
status report to a network device in accordance with the buffer 
status reporting format designated. 

6 
In some embodiments, the monitoring unit 210 is config

ured to monitor a usage of the plurality of buffers 220. In 
certain embodiments, the monitoring unit 210 and the detect
ing unit 230 cooperate to enable the detecting unit 230 to 
detect one of a plurality of pre-selected conditions corre
sponding to the plurality of buffers. The pre-selected condi
tions will be discussed in further detail below but may 
include, for example, any data in one or more buffers, data in 
one or more buffers beyond a pre-selected threshold. 

10 In certain embodiments, the designating unit 260 is con-
figured to designate one of a plurality of buffer status report
ing formats depending on the pre-selected condition detected. 
In certain embodiments, the plurality of buffer status report-

15 ing formats may include a short format and a long format. As 
will be discussed in further detail below, in some embodi
ments, the short buffer status reporting format corresponds to 
reporting a buffer status of a single radio bearer group and the 
long buffer status reporting format corresponds to reporting a 

20 buffer status of multiple radio bearer groups. 
In certain embodiments, the uplink capacity detecting unit 

240 detects the uplink capacity of the user equipment 200. In 
such embodiments, the uplink capacity detecting unit 240 
may cooperate with the designating unit 260 to ascertain the 

25 appropriate buffer status reporting format. In certain embodi
ments' the format proposed by the designating unit 260 will 
exceed the uplink capacity detected by the uplink capacity 
detecting unit 240. 

In such embodiments, the buffer prioritizing unit 250 may 
30 collaborate with the uplink capacity detecting unit 240 and 

the designating unit 260 to enable the designating unit 260 to 
assign/designate the most beneficial buffer status reporting 
format to the buffer of the highest priority, all in accordance 

35 with the uplink capacity of the user equipment 200. This 
cooperation is further detailed in FIG. 4. In certain embodi
ments, the communicating unit 270 is configured to commu
nicate a buffer status report to a network device in accordance 
with the buffer status reporting format designated. In this 

40 mauner, the user equipment may maximize buffer status 
reporting efficiency in accordance with an uplink capacity of 
the user equipment. 

In certain embodiments, for buffer status reporting (BSR), 
radio bearers may be classified into 4 radio bearer groups 

45 (RBGs). The mapping of radio bearers on RBG could be 
either fixed in standards or dynamically configured by RRC. 
In both cases, an RBG may only include one radio bearer or 
all of them. 

Since it may not be necessary to report the 4 RBGs always 
50 (e.g. when only a limited number of bearers are configured), 

multiple formats of buffer status reporting may be beneficial. 
In a first format, two bits may be required for RBG identifi
cation while in the later case, the 4 buffer size fields may be 

Depending upon the embodiment, the buffer status report
ing format designated minimizes buffer status reporting over
head created by the communicating of the buffer status report. 
Accordingly, the system 100 operates to minimize buffer 
status reporting overhead. As will be discussed in additional 55 

detail below, in some embodiments, the system 100 may 
operate to minimize buffer status reporting overhead in accor
dance with an uplink capacity of the user equipment. 

concatenated as depicted by FIGS. 5 and 6. 
In certain embodiments, buffer status reporting directly 

relates to power headroom reports, HSUPA protocol (High
Speed Uplink Packet Access), eNB (enhanced Node B), and 
E-TRAN (Universal Mobile Telecommunications Service 
(UMTS) Terrestrial Radio Access Network). In other words, 
power headroom reports have been first introduced for 
HSUPA. Radio optimum resource management requires an 

FIG. 2 is a block diagram of user equipment 200 in accor
dance with one embodiment of the present invention. The 60 

depicted user equipment 200 includes a monitoring unit 210, 
a plurality of communication buffers 220, a detecting unit 
230, an uplink capacity detecting unit 240, a buffer prioritiz
ing unit 250, a format designating unit 260, and a communi
cating unit 270. The units of the user equipment 200 cooper- 65 

ate to maximize buffer status reporting efficiency in 
accordance with an uplink capacity. 

eNB to know whether or not user equipment is operating 
close to a maximum transmission power. Moreover, due to 
adaptive transmission bandwidth (i.e., the user transmission 
bandwidth can be modified on a TTl basis), in E-UTRAN 
uplink it is even more important to know the power spectral 
density used at the use equipment to avoid that, for example, 
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the eNB allocates a transmission bandwidth that cannot be 
supported given the maximum user equipment power capa
bilities. 

Assuming a power control dynamic range of 40-60 dB and 
a resolution of one dB (finer resolution might not be beneficial 
when considering the actual accuracy of transmission power 
measurements done at the UE), six bits for the transmission of 
a power headroom report in uplink would seem sufficient. 
Although the total number of bits may be decided by RANI 
and RAN4, one might assume in RAN2 that 1 byte is enough 
for power headroom reporting. Indeed, in some embodi
ments, power headroom reports are 1 byte long. 

Many of the functional units described in this specification 
have been labeled as units, in order to more particularly 
emphasize their implementation independence. For example, 
a unit may be implemented as a hardware circuit comprising 
custom VLSI circuits or gate arrays, off-the-shelf semicon
ductors such as logic chips, transistors, or other discrete com
ponents. A unit may also be implemented in programmable 
hardware devices such as field programmable gate arrays, 
programmable array logic, programmable logic devices or 
the like. 

Units may also be implemented in software for execution 

8 
further detail in FIGS. 4 and 5. In some embodiments, com
municating 340 may include communicating a buffer status 
report corresponding to one or more buffers in accordance 
with the buffer status report format designated by the desig
nate operation 330. 

FIG. 4 is a flow chart diagram of a method 400 in accor
dance with one embodiment of the present invention. The 
method 400 includes the operations of monitoring 410 buff
ers, determining 420 whether at least one of the buffers has 

10 data, determining 430 whether multiple buffers have data, 
determining 440 whether the uplink capacity, designating 
450 a short format, designating 460 a long format, determin
ing 470 buffer priority, designating a short format 480, and 
communicating a buffer status report 490. The operations of 

15 the method 400 maximize buffer status reporting efficiency in 
accordance with an uplink capacity. 

In certain embodiments, the method 400 begins by moni
toring 410 whether at least one buffer of multiple buffers has 
data. If there is no data, the method 400 continues to monitor 

20 410 the buffers. However, if there is at least one buffer with 
data, then the method continues by determining 430 whether 
multiple buffers have data. If only one buffer has data, the 
method 400 continues by designating 450 a short buffer status 
reporting format for communication 490 proposes. 

However, if multiple communication buffers have data, 
then the method 400 continues by determining 440 whether 
there is sufficient uplink capacity to communicate a buffer 
status report using the long buffer status report format for 
communication 490 purposes. If there is sufficient uplink 

by various types of processors. An identified unit of execut
able code may, for instance, comprise one or more physical or 25 

logical blocks of computer instructions which may, for 
instance, be organized as an object, procedure, or function. 
Nevertheless, the executables of an identified unit need not be 
physically located together, but may comprise disparate 
instructions stored in different locations which, when joined 
logically together, comprise the unit and achieve the stated 
purpose for the unit. 

30 capacity, then the method 400 continues by designating the 
long buffer status report format. However, if there is not 
enough uplink capacity to use the long format, then the 
method 400 continues by determining 470 the buffers with 
data. After the buffer priority has been determined, the 

35 method 400 continues by designating a short buffer status 
reporting format for communicating 490 the buffer with the 
highest priority. In this manner, the method 400 maximizes 
buffer status reporting efficiency in accordance with an uplink 

Indeed, a unit of executable code may be a single instruc
tion, or many instructions, and may even be distributed over 
several different code segments, among different programs, 
among different processors, and across several memory 
devices. Similarly, operational data may be identified and 
illustrated herein within units, and may be embodied in any 
suitable form and organized within any suitable type of data 
structure. The operational data may be collected as a single 40 

data set, or may be distributed over different locations includ
ing over different storage devices, and may exist, at least 
partially, merely as electronic signals on a system or network. 

capacity. 
FIG. 5 is a block diagram representing a short buffer status 

reporting format 500 in accordance with one embodiment of 
the present invention. The depicted short buffer status report
ing format 500 includes a radio bearer group identity 510, and 
a buffer size 520. The radio bearer group identity 510 enables In addition, while the terms, data, packet, and/or datagram 

have been used in the description of the present invention, the 
invention has import to many types of network data. For 
purposes of this invention, the term data includes packet, cell, 
frame, datagram, bridge protocol data unit packet, packet data 
and any equivalents thereof. 

FIG. 3 is a flow chart diagram of a method 300 in accor
dance with one embodiment of the present invention. The 
depicted method 300 includes monitoring 310 buffers, detect
ing 320 a pre-selected condition, designating 330 a format, 
and communicating 340 a buffer status report. The operations 
of the method 300 provide a solution for collaborating to 
maximize buffer status reporting efficiency in accordance 
with an uplink capacity. 

In certain embodiments, monitoring 310 buffers may 
include monitoring a usage of one or more communication 
buffers. In some embodiments, detecting 320 a pre-selected 
condition may include detecting that one or more communi
cation buffers include data or that the data in communication 
buffers has exceeded a pre-determine threshold. In certain 
embodiments, designating 330 a format may include desig
nating a buffer status reporting format complementary to the 
pre-selected condition detected by operation 320. The opera
tion of detecting 320 and determining 330 are described in 

45 a network device, such as a base station, to know the buffer 
status, i.e., to determine the data in a buffer corresponding to 
a radio bearer group. In certain embodiments, the short buffer 
status reporting format 500 is designated for reporting a 
buffer status report because the short buffer status reporting 

50 format 500 is the most efficient format. 
FIG. 6 is a block diagram representing a long buffer status 

reporting format 600 in accordance with one embodiment of 
the present invention. The a long buffer status reporting for
mat 600 includes a buffer size of radio bearer group 1 (610), 

55 a buffer size of radio bearer group 2 (620), a buffer size of 
radio bearer group 3 (630), and a buffer size of radio bearer 
group 4 (640). The long buffer status reporting format 600 is 
allocated in four groups of six bits. In certain embodiments, 
similar to the short buffer status reporting format 500 of FIG. 

60 5, the long buffer status reporting format 600 is designated for 
reporting a buffer status report of multiple radio bearer groups 
because the long buffer status reporting format 600 is the 
most efficient format. Accordingly, the present invention pro
motes efficiency by providing a solution for adjusting the 

65 format of a buffer status report depending upon need. 
Regarding buffer status reports, compared to HSUPA, 

E-UTRAN uplink is based on an orthogonal multiple access 
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scheme (SC-FDMA). Since under these circumstances the 
allocation of radio resources to a user that does not have data 
to transmit directly results in a capacity loss, the design of 
buffer status reporting scheme is relatively important in 
E-UTRAN uplink. 

Buffer status reports in E-UTRAN may allow differentia
tion between radio bearers with different quality of service 
(QoS) requirements. To allow for QoS differentiation at the 
eNB, in certain embodiments, a priority-based buffer status 
report is provided, where a priority buffer status report may be 10 

a "reduced" buffer status report which contains buffer status 
information for different priority classes. A priority class is 
defined by grouping radio bearers with similar QoS require
ment (but one priority class might also consist of only one 
radio bearer). The number of radio bearer group to report 15 

should not be too small to provide enough information to the 
scheduler but cannot be too large either to limit the overhead. 
With a size of 5 bits for LCID, a total of four radio bearer 
groups may be a good compromise. Accordingly, a radio 
bearers may be classified into 4 radio bearer groups (RBGs). 20 

A total of 4 RBGs may include two bits for identification of 
the group. In some embodiments, the total size of the buffer 
status report (BSR) is byte-aligned. In such embodiments, the 
candidate sizes for the buffer size may be six bit and 14 bit. 
However, a 14 bit buffer size table gives a 16384 code points 25 

and 0.07% step size, which may be too much. A six bit buffer 
size gives 64 code points and 12.77% step size that are com
parable to 32 code points and 23.9% step size of HSUPA. So, 
a six bit buffer size field may be beneficial. 

Depending upon the embodiment, a buffer size may be an 30 

amonnt of buffered data before filling the transport block or 
amonnt of data buffered after filling the transport block. In 
some embodiments, the buffer status report (BSR) aims at 
helping a scheduler to allocate future resources. As such, it 
may be logical to consider the amount of data buffered after 35 

filling a transport block. Accordingly, in some embodiments, 
buffer status reports include the amount of data left in the 
buffer after filling the transport block. 

In some embodiments, data is buffered in the user equip
ment across radio link control (RLC) and Packet Data Con- 40 

vergence Protocol (PDCP). RLC may await ciphered and 
compressed PDCP protocol data units (PDU s) for transmis
sion andretransmission( s) while in PDCP it is unciphered and 
uncompressed PDCP service data units (SDUs) that are buff
ered. Whether a PDCP SDU can be processed and given to 45 

RLC for transmission is may be a matter ofUE implementa
tion. For the very same service, different UEs might therefore 
report different BSR depending on whether RLC or PDCP is 
considered. In order to reduce possible inconsistencies in 
reporting, reporting the total amount of buffered data without 50 

making any distinction between RLC and PDCP may be 
performed. In certain embodiments, special considerations 
might be made for Voice over Internet Protocol (VoIP). In 
some embodiments, buffer status reports include the total 
amonnt of buffered data per ratio bearer group regardless of 55 

whether it is RLC or PDCP. 
It may not be necessary to report the 4 RBGs always (e.g., 

when only a limited number of bearers are configured), it may 
be beneficial to introduce two formats of BSR: one where 
only one RBG is reported and one where all four RBGs are. In 60 

the first case, 2 bits may be beneficial for RBG identification 
while in the later case, the 4 buffer size fields can be concat
enated as depicted in FIG. 6. 

In certain embodiments, Media Access Control (MAC) 
control elements may carry a buffer status report and a power 65 

headroom report. In certain embodiments, this may include 
one Language Code Identifier (LCID) used for power head-

10 
room reports, one LCID used for a short buffer status report, 
and one LCID used for long buffer status reports. In some 
embodiments, if power headroom appears to be conveyed 
with long or short buffer status reports most of the time, 
additional LCID can be reserved for the concatenation of the 
two information so as to reduce the signaling overhead. 

In some embodiments, a detected condition may include a 
trigger that depends on the amount of data buffered in the 
different radio bearer groups (RBG). Examples of a trigger 
could include a scenario where only one RBG has buffered 
data wherein a report will be made using a short format. 
Another example of a trigger could include a scenario where 
more than one RBG has buffered data wherein a report will be 
made in a long BSR format. In some embodiments, when the 
enhanced Node-B (eNB) receives a short BSR format, the 
eNB knows that RBGs other than the one reported do not have 
any data buffered. 

In some embodiments, a variant could introduce a thresh
old that could be configured on a RBG basis. Accordingly, in 
some embodiments, if only one RBG has an amonnt of buff
ered data that exceeds a threshold then a report using a short 
BSR format is commnnicated. In some embodiments, as soon 
as more than one RBG has an amount of buffered data that 
exceeds its threshold a report in a long BSR format is com
municated. As such, when the eNB receives a short BSR 
format, it knows that RBGs other than the one reported do not 
have an amount of buffered data which exceed their respec
tive threshold. 

Additionally, in some embodiments, the size of an uplink 
(UL) grant could also be taken into acconnt (i.e., the size of 
the uplink transport block). For example, as soon as more than 
one RBG has buffered data and there is enough room in the 
UL grant then a report using a long format may be commu
nicated. If there is not enough UL grant then a short format 
with the RBG of highest priority or with the RBG with the 
largest amount of buffered data may be communicated. In 
other embodiments, as soon as more than one RBG has an 
amount of buffered data exceeds a threshold and there is 
enough room in the UL to grant a long format commnnica
tion, then long BSR format is used, otherwise with the RBG 
of highest priority or with the RBG with the largest amonnt of 
buffered data may be communicated using a short format. 
Accordingly, the present invention minimizes the overhead 
associated to BSRs and adapts to available UL bandwidth. 

Reference to a computer-readable medium may take any 
form capable of generating a signal, causing a signal to be 
generated, or causing execution of a program of machine
readable instructions on a digital processing apparatus. A 
computer readable medium may be embodied by a transmis
sion line, a compact disk, digital-video disk, a magnetic tape, 
a Bernoulli drive, a magnetic disk, holographic disk or tape, a 
pnnch card, flash memory, magnetoresistive memory, inte
grated circuits, or other digital processing apparatus memory 
device. 

Furthermore, the described features, structures, or charac
teristics of the invention may be combined in any suitable 
manner in one or more embodiments. One skilled in the 
relevant art will recognize, however, that the invention may be 
practiced without one or more of the specific details, or with 
other methods, components, materials, and so forth. In other 
instances, well-known structures, materials, or operations are 
not shown or described in detail to avoid obscuring aspects of 
the invention. 

One having ordinary skill in the art will readily understand 
that the invention as discussed above may be practiced with 
steps in a different order, and/or with hardware elements in 
configurations which are different than those which are dis-
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closed. Therefore, although the invention has been described 
based upon these preferred embodiments, it would be appar
ent to those of skill in the art that certain modifications, 
variations, and altemative constructions would be apparent, 
while remaining within the spirit and scope of the invention. 

I claim: 
1. A method, comprising: 
monitoring a usage of a plurality of buffers; 
detecting one of a plurality of pre-selected conditions cor

responding to the plurality of buffers; 
designating one of a plurality of buffer status reporting 

formats comprising a long buffer status reporting format 
and a short buffer status reporting format depending on 
the pre-selected condition detected; and 

communicating a buffer status report to a network device in 
accordance with the buffer status reporting format des
ignated, wherein the designating designates the long 
buffer status reporting format when there is sufficient 
uplink bandwidth to communicate using the long buffer 
status reporting format. 

2. The method of claim 1, wherein the buffer status report
ing format minimizes buffer status reporting overhead cre
ated by the communicating of the buffer status report. 

12 
communicate a buffer status report to a network device in 

accordance with the buffer status reporting format des
ignated, wherein the designating unit is configured to 
designate the long buffer status reporting format when 
there is sufficient uplink bandwidth to communicate 
using the long buffer status reporting format. 

13. The apparatus of claim 12, wherein the buffer status 
reporting format is configured to minimize buffer status 
reporting overhead created by the communicating of the 

10 buffer status report. 
14. The apparatus of claim 12, wherein the plurality of 

pre-selected conditions comprises a buffer associated with a 
radio bearer group storing data beyond a pre-selected thresh-

15 old. 
15. The apparatus of claim 12, wherein the short buffer 

status reporting format corresponds to reporting a buffer sta
tus of a single radio bearer group and the long buffer status 
reporting format corresponds to reporting a buffer status of 

20 multiple radio bearer groups. 

3. The method of claim 1, wherein the plurality of pre
selected conditions comprises a buffer associated with a radio 25 

bearer group storing data beyond a pre-selected threshold. 

16. The apparatus of claim 12, wherein the memory and the 
computer program code are further configured to, with the 
processor, cause the apparatus at least to designate the long 
buffer status reporting format when multiple buffers for dif
ferent radio bearer groups store data beyond a pre-selected 
threshold. 

4. The method of claim 1, wherein the short buffer status 
reporting format corresponds to reporting a buffer status of a 
single radio bearer group and the long buffer status reporting 
format corresponds to reporting a buffer status of multiple 30 

radio bearer groups. 

17. The apparatus of claim 12, wherein the memory and the 
computer program code are further configured to, with the 
processor, cause the apparatus at least to designate the short 
buffer status reporting format when there is insufficient 
uplink bandwidth. 

5. The method of claim 1, wherein the designating desig
nates the long buffer status reporting format when multiple 
buffers for different radio bearer groups store data beyond a 
pre-selected threshold. 

6. The method of claim 1, wherein the designating desig
nates the short buffer status reporting format when there is 
insufficient uplink bandwidth. 

18. The apparatus of claim 12, wherein the short buffer 
status reporting format comprises 1 byte of information and 

35 the long buffer status reporting format comprises 3 bytes of 
information. 

7. The method of claim 1, wherein the short buffer status 
reporting format comprises 1 byte of information and the long 40 

buffer status reporting format comprises 3 bytes of informa
tion. 

19. The apparatus of claim 12, wherein the short buffer 
status reporting format comprises a 2-bit radio bearer group 
identifier (ID) and a 6-bit buffer size. 

20. The apparatus of claim 12, wherein the long buffer 
status reporting format comprises four segments of 6-bits of 
information, each segment thereof corresponding to a distinct 
radio bearer group. 8. The method of claim 1, wherein the short buffer status 

reporting format comprises a 2-bit radio bearer group identi
fier and a 6-bit buffer size. 

9. The method of claim 1, wherein the long buffer status 
reporting format comprises four segments of 6-bits of infor
mation, each segment thereof corresponding to a distinct 
radio bearer group. 

21. The apparatus of claim 12, wherein the memory and the 
45 computer program code are further configured to, with the 

processor, cause the apparatus at least to select a buffer status 
of a radio bearer group of a highest priority. 

10. The method of claim 1, further comprising: 
selecting a buffer status of a radio bearer group of a highest 

priority. 

22. The apparatus of claim 21, wherein the radio bearer 
group of the highest priority comprises a radio bearer group 

50 having a most amount of data in a radio bearer group buffer. 
23. An apparatus, comprising: 

11. The method of claim 10, wherein the radio bearer group 
of the highest priority comprises a radio bearer group having 
a most amount of data in a radio bearer group buffer. 

12. An apparatus, comprising: 
a processor; and 

55 

a memory including computer program code, the memory 
and the computer program code configured to, with the 
processor, cause the apparatus at least to monitor a usage 60 

of a plurality of buffers; 
detect one of a plurality of pre-selected conditions corre

sponding to the plurality of buffers; 
designate one of a plurality of buffer status reporting for

mats comprising a long buffer status reporting format 65 

and a short buffer status reporting format depending on 
the pre-selected condition detected; and 

monitoring means for monitoring a usage of a plurality of 
buffers; 

detecting means for detecting one of a plurality of pre
selected conditions corresponding to the plurality of 
buffers; 

designating means for designating one of a plurality of 
buffer status reporting formats comprising a long buffer 
status reporting format and a short buffer status report
ing format depending on the pre-selected condition 
detected; and 

communicating means for communicating a buffer status 
report to a network device in accordance with the buffer 
status reporting format designated, wherein the desig
nating means designates the long buffer status reporting 
format when there is sufficient uplink bandwidth to com-
municate using the long buffer status reporting format. 
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24. A non-transitory computer-readable medium encoded 
with a computer program configured to control a processor to 
perform operations comprising: 

monitoring a usage of a plurality of buffers; 

detecting one of a plurality of pre-selected conditions cor
responding to the plurality of buffers; 

designating one of a plurality of buffer status reporting 
formats comprising a long buffer status reporting format 

14 
and a short buffer status reporting format depending on 
the pre-selected condition detected; and 

communicating a buffer status report to a network device in 
accordance with the buffer status reporting format des
ignated, wherein the designating designates the long 
buffer status reporting format when there is sufficient 
uplink bandwidth to communicate using the long buffer 
status reporting format. 

* * * * * 
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data, such as a digest, which can be used to authenticate the 
application. 

40 Claims, 6 Drawing Sheets 
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CONTROL OF TERMINAL APPLICATIONS 
IN A NETWORK ENVIRONMENT 

FIELD OF THE INVENTION 

The present invention relates generally to control of 
applications residing in a connnunication tenninal, espe
cially in a mobile tenninal. More particularly, the invention 
relates to a mechanism for controlling the rights and/or 
behavior of terminal applications in a network environment. 

BACKGROUND OF THE INVENTION 

The current development towards truly mobile computing 
and networking has brought on the evolvement of various 
access technologies, which also provide the users with 
access to the Internet when they are outside their own home 
network. The first public connnunication network that pro
vides a truly ubiquitous World Wide Web (WWW) access is 
the GSM-based mobile telephone network. 

2 
prohibit the sending of the message, if it detects that the 
application has no pertinent rights or that the application is 
not behaving, as it should. The controlling entity resides in 
a tamper resistant area of the tenninal, so that its operation 
cannot be affected by the user or other parties that are 
beyond the control of the network operator. The outbound 
messages of an application are thus controlled by a control
ling entity, which is totally independent of the applications 
residing in the terminal. Due to its nature, the controlling 

10 entity is also tenned the trusted agent in this context. 

Thus one embodiment of the invention is the provision of 
a method for controlling applications in a connnunication 
tenninal. The method includes the steps of sending messages 

15 from an application towards a connnunication network, 
where the application resides in the connnunication tenni
nal, and diverting at least one message destined for the 
connnunication network to a controlling entity residing in 
the connnunication terminal. The method also includes 

20 controlling, in the controlling entity, the at least one message 
diverted to it before being transmitted from the connnuni
cation tenninal to the connnunication network. 

So far, the use of the Internet has been dominated by 
person-to-machine connnunications, i.e. infonnation ser
vices. The evolution towards the so-called third generation 
(3G) wireless networks brings along mobile multimedia 
communications, which will also change the way IP-based 25 

services are utilized in public mobile networks. The IP 
Multimedia Subsystem (IMS), as specified by the 3rd Gen
eration Partnership Project (3GPP), integrates mobile voice 
communications with Internet technologies, allowing IP
based multimedia services to be utilized in mobile networks. 30 

In another embodiment the invention provides a terminal 
for a communication system. The terminal includes one or 
more applications configured to send messages towards a 
connnunication network and diverting means for diverting 
selected messages sent from an application and destined for 
the connnunication network to a controlling entity residing 
in the terminal, where the controlling entity is configured to 
control the selected messages before it is to be transmitted 
to the connnunication network. 

The new multimedia capable mobile tenninals (multime
dia phones) provide an open development platform for 
application developers, allowing independent application 
developers to design new services and applications for the 
multimedia environment. The users may, in turn, download 
the new applications/services to their mobile terminals and 
use them therein. 

A drawback related to the open development platform is 
the possibility to use fraudulent applications. At present, the 
mobile terminals and the mobile connnunication environ
ment lack sufficient technical means for ascertaining that the 
applications developed for the open platfonn behave in an 
appropriate and rightful manner. This allows deceptive 
application developers to misuse the new connnunication 
environment and to develop applications that behave con
trary to the agreements made with the operator of the 
network, for example. 

The present invention seeks to eliminate the above
described drawback. 

SUMMARY OF THE INVENTION 

The invention also provides the mechanisms needed in the 
network for controlling the applications residing in a tenni-

35 nal, the mechanisms resting on the above operation of the 
controlling entity. One embodiment the invention thus pro
vides a system for authenticating applications in a connnu
nication network. In a communication tenninal the system 
includes at least one application configured to send mes-

40 sages towards the connnunication network and diverting 
means for diverting at least some of the messages sent from 
an application and destined for the connnunication network 
to the controlling entity residing in the terminal, the con
trolling entity being configured to add control data to at least 

45 some of the messages diverted to it. In the connnunication 
network the system further includes authentication means 
for receiving the control data, the authentication means 
being configured to initiate authentication of the application 
in response to reception of the control data. The system 

50 further includes connection set-up means, responsive to the 
authentication means, for setting up a connection when the 
application is successfully authenticated by the authentica-

The present invention seeks to bring about the necessary 
mechanisms, for both tenninals and networks, for efficiently 
controlling the behavior of applications residing in a tenni- 55 

nal, especially in a mobile tenninal, and for eliminating the 
possibility to misuse another application in place of a valid 
application. 

tion means. 

By means of the solution of the invention, certain open 
platform applications, which the users may use in their 
tenninals, can be efficiently controlled so that the applica
tions cannot misuse the connnunication environment. 

In one embodiment of the invention, an application is 
authenticated by having the controlling entity provide an 
initial message sent by the application towards the network 
with a digest or digital signature, which is verified in the 
network prior to the setting up of a session. In this way, the 
network may ensure that the message was generated by an 
application that is controlled in the tenninal so that misuse 
is not possible. This allows the network operators to use 
application-specific billing without a risk of misuse of the 
tenns of an invoicing agreement, for example. 

In the present invention, the control mechanisms rest on 
a separate controlling entity residing in a tenninal. At least 60 

some of the outbound messages generated by an application 
in a tenninal are diverted to the controlling entity on their 
way from the application to the network. The controlling 
entity evaluates whether any changes are needed in the 
message or in the behavior of the application. Based on the 65 

evaluation, the control entity then returns the message intact 
or in a modified form. The controlling entity may even 

Case 6:13-cv-00511   Document 1-6    Filed 06/25/13   Page 9 of 14 PageID #:  82



US 7,218,923 B2 
3 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the following, the invention and many of its embodi
ments are described more closely with reference to the 
examples shown in FIGS. 1 to 10 in the appended drawings, 
wherein: 

FIG. 1 illustrates an example of a communication envi
ronment in which the principles of the present the invention 
may be beneficially implemented; 

FIG. 2 illustrates one embodiment of a mobile terminal 
according to the invention; 

FIG. 3 illustrates one embodiment of a message exchange 
between the different entities in the terminal of FIG. 2; 

FIG. 4 illustrates another example of a communication 
environment in which the principles of the present the 
invention may be beneficially implemented; 

FIG. 5 illustrates one embodiment of the invention for 
utilizing the control mechanism of the terminal for authen
ticating an application; 

4 
be downloaded from the delivery server 111, for example. 
The applications access the network through a protocol stack 
220, which is a Session Initiation Protocol (SIP) stack in this 
environment. The tamper resistant area may further include 
an application repository 211 that includes identifiers of 
applications that need to be controlled by the trusted agent 
212. The arrows provided with underlined numbers 1-10 
present the cooperation of the different terminal entities 
when an authorized application residing in the terminal is 

10 started. 
The applications are typically downloaded in encrypted 

form from the delivery server. When a user downloads an 
encrypted application, the encrypted application instance is 
normally accompanied with a rights module including a key 

15 213 for decrypting the application and a rights voucher 214, 
which expresses the rights acquired by the user for the 
application. As also discussed below, it is assumed here that 
the key and the rights voucher are utilized according to the 
normal functionality of a DRM agent. 

FIG. 6 illustrates another embodiment of a mobile termi- 20 FIG. 3 illustrates the message exchange between the 
above terminal entities, when an application is started. nal according to the invention; 

FIG. 7 and FIG. 8 illustrate two further embodiments of 
a mobile terminal according to the invention; 

FIG: 9 illustrates another embodiment of the invention for 
utilizing the control mechanism of the terminal for authen- 25 

ticating an application; and 

Reference numbers 1-10 correspond to the steps provided 
with like numbers in FIG. 2. It is assumed here that the user 
of the mobile terminal 100 starts application 210N . This may 
be a chess application, for example, in which case the user 
wants to play chess with the user of another mobile terminal 

FIG. 10 illustrates still another embodiment of the inven
tion for utilizing the control mechanism of the terminal for 
authenticating an application. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 shows an example of a general communication 
environment in which the present invention can be applied, 
the communication environment being based on the IMS 
architecture as defined by the 3GPP. It is thus assumed here 
that a call processing server 110 includes the Call State 
Control Functions (CSCF) according to the IMS architecture 
and that it is connected to the core network elements, such 
as the Home Subscriber Server (HSS) 112, needed for 
provision of multimedia services. The HSS contains the 
master database for a given user. The call processing server, 
which also generates billing data for a separate billing 
system (not shown in the figure), is connected to a General 
Packet Radio Service (GPRS) network 104. The GPRS 
network is further connected to a Radio Access Network 
(RAN) 103 comprising a plurality of base stations 102 with 
which mobile terminals 100 communicate through a radio 
interface. The user of a mobile terminal is thus a subscriber 
in a mobile communication system, such as the GSM or 
UMTS system, while the terminal is typically a multimedia 
phone. A delivery server 111, from which applications may 
be downloaded to the mobile terminals is connected to the 
GPRS network, either directly or through another packet 
network, such as the Internet. 

FIG. 2 is a schematic illustration of one embodiment of a 
terminal according to the invention. The entities relevant to 
the invention reside in a tamper resistant area 200 of the 
terminal or in an open platform area 201. The tamper 
resistant area includes at least one trusted agent 212, which 
acts as a controlling entity controlling the rights and behav
ior of the applications. The trusted agent may be a dedicated 
software agent or a Digital Rights Management (DRM) 
agent whose normal functionality has been modified for the 
method of the invention. The open platform area in tum 
includes a plurality of applications 210 1 to 210N which may 

containing a similar chess application. 
When the user starts the application, the application 

communicates (step 1) with the trusted agent. The trusted 
30 agent checks (step 2) the rights of the application and allows 

the decryption of the application if it detects that the 
application is legally downloaded from the delivery server 
or is otherwise legally acquired. The checking of the rights 
and the decryption of the application is normally handled by 

35 the DRM agent, so if there is a separate trusted agent in 
addition to a normal DRM agent, these steps may be handled 
by the DRM agent. 

In connection with the decryption of the application, the 
trusted agent also writes the identifier of the application to 

40 the application repository, if it detects that the application is 
such that its behavior needs to be controlled (step 3). If there 
is a separate trusted agent in addition to a normal DRM 
agent in the terminal, the DRM agent may transfer the 
control of the operation to the trusted agent before the 

45 writing event. 
After the decryption, the application starts a session by 

sending an INVITE request according to the SIP protocol to 
the opposite terminal (step 4). The INVITE request invites 
the opposite terminal to participate in the session, which is 

50 here assumed to be a chess session, and it includes a 
description of the session, for example. The INVITE request 
further includes the identifier of the application, which is 
then utilized by the SIP protocol stack. When the protocol 
stack receives the outbound INVITE request generated by 

55 the application, it checks from the application repository 
whether the application is such that it needs to be controlled 
(step 5). If the application identifier is found in the reposi
tory, the repository returns a positive response (step 6) 
indicating that the application needs to be controlled. When 

60 the protocol stack receives the positive response, it sends the 
INVITE request to the trusted agent (step 7). The trusted 
agent then examines the request and checks, whether the 
application behaves as it should be behaving (step 8). The 
trusted agent may modifY the request, for example by adding 

65 control data, such as control parameters, to the request. As 
discussed below, the trusted agent may also prohibit the 
sending of the request. If the trusted agent allows the 
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sending of the request, it returns the request, either as such 
or in a modified form, to the SIP protocol stack (step 9). The 
protocol stack then transmits the INVITE request to the 
network (step 10). 

If the response at step 6 from the application repository is 
negative, the protocol stack transmits the INVITE request 
directly to the network, i.e. the INVITE request is not sent 
to the trusted agent. 

In one embodiment of the invention, the applications are 
authenticated by means of the above mechanism. In another 
embodiment, the mechanism is utilized for ensuring that 
authorized applications obey the SIP policies of the operator. 
The authentication of the applications is discussed first. 

FIG. 4 shows an example of a general communication 
environment in which the authentication of the applications 
can be implemented. The communication environment now 
includes an authentication server 120 for authenticating the 
application before a session is set up. Otherwise the envi
ronment may be as discussed in connection with FIG. 1. 

6 
SHA-l, for example. As discussed below, the secret key may 
received in connection with each application download (the 
key in the rights module), or a key stored permanently in the 
tamper resistant area may be used for the authentication of 
the applications. 

If the authentication server detects that the digest calcu
lated by it matches the digest received in the authentication 
request, the application is successfully authenticated. In 
other words, the authentication server can be sure that the 

10 application is controlled by the trusted agent in the terminal, 
and therefore no misuse is possible in the terminal. 

The authentication server then returns an authentication 
response to the call processing server (step 12). If the 
response indicates that the authentication was successful, the 

15 call-processing server forwards the INVITE request to the 
opposite terminal (step 13) and generates a charging record 
for the session. However, if the authentication did not 
succeed, the call processing server sends an error message to 
the terminal. 

The above-described embodiments of the terminal may be 
modified by omitting the use of the application repository, 
for example. In this case, the SIP protocol stack sends the 
INVITE request of each authorized application to the trusted 
agent, since it carmot be sure whether the application is such 
that it needs to be controlled. The trusted agent then exam
ines whether any control operations are needed. 

As mentioned above, in one embodiment of the invention 
the applications are controlled to ensure that they obey the 
policies set by the operator. In this embodiment of the 

FIG. 5 illustrates one embodiment of the message 20 

exchange in the environment of FIG. 4. When the applica
tion is started, the trusted agent first checks the rights of the 
application (step 2). If the rights are valid, the trusted agent 
sends a token request to the authentication server (step 2A) 
requesting a token for the session that is about to start. In 25 

response to the request, the authentication server returns a 
token to the trusted agent (step 2B). The token request may 
include, for example, the subscriber identifier in question so 
that the authentication server will be able to associate a 
subsequent authentication request with the correct token. 
The token is typically a random number used in digest 
calculation, i.e. it is different for each request (session) in 
order to eliminate misuse by replaying messages. When the 
trusted agent has received the token, the application control 
continues as discussed in connection with FIGS. 2 and 3. 
Reference numeral 230 in FIG. 5 refers to the block marked 
with the same reference numeral in FIG. 3. However, in the 
example of FIG. 5 the trusted agent modifies the INVITE 
request by adding a digest, or a digital signature, to the 
INVITE request at step 8. In other words, in the embodiment 

30 invention, the tamper resistant area includes the policy rules 
set for the terminals. As shown in FIG. 6, which illustrates 
this embodiment of the terminal, the rules may be stored in 
a separate database 250 in the tamper resistant area. The 
operation of the terminal corresponds to that described in 

35 connection with FIGS. 2 and 3, except that in this embodi
ment the trusted agent compares the behavior of the appli
cation to the policy rules at step 8. Moreover, in this 
embodiment the type(s) of the messages may be different. 
Depending on the result of the comparison, the trusted agent 

40 may then allow or prohibit the sending of the message, for 
example. The policy rules may also be stored in the appli
cation repository, if the repository is used in the terminal. 
The policy rules may include, for example, load parameters 
that indicate whether an application is causing excessive 

of FIG. 5 the control data shown in the modified INVITE 
request of FIG. 3 includes a digest. 

The INVITE request is then transmitted (step 10) to the 
call processing server, which now performs an additional 
authentication step in order to authenticate the application. 
For this purpose, the call processing server sends an authen
tication request to the authentication server (step 11). This 
authentication request includes, in addition to the digest, the 
subscriber identifier so that the authentication server is able 
to identify the correct token it previously assigned for this 
session. The authentication request may also include the 
whole INVITE request (including the subscriber identifier). 
Based on the token found, the authentication server calcu
lates a digest and compares it with the digest received in the 
authentication request. The token may also be transmitted to 
the authentication server, whereby no other search keys are 
needed for identifying the correct token in the authentication 
server. 

The digest may be calculated in a standard manner using 
the same algorithm in the terminal and in the authentication 
server and using a secret key, the token, and possibly also 
other predetermined data, such as the subscriber identifier, as 
the input data for the algorithm, which then outputs the 
digest. The secret key may be a symmetric key (shared 
secret) or the private key of the trusted agent. In the latter 
case the authentication server uses the public key of the 
trusted agent. The algorithm used may be the MD5 or the 

45 load. A default set of the policy rules may be stored in the 
tamper resistant area in the manufacturing phase of the 
terminal, and/or the operator may be able to download 
policy rules into the tamper resistant area. 

The functionality needed in the SIP protocol stack may be 
50 introduced as changes made within the protocol stack, as is 

assnmed in the above examples. Alternatively, the function
ality may be introduced as a separate middleware modifi
cation module that resides between the application(s) and 
the protocol stack and which thus also provides an Appli-

55 cation Program Interface (API) for the applications. This 
embodiment is illustrated in FIGS. 7 and 8. In FIG. 7 it is 
assnmed that no application repository is utilized in the 
tamper resistant area, but that the middleware modification 
module 260 sends all the INVITE requests to the trusted 

60 agent (step 5 in the figure). FIG. 8 shows an embodiment 
with the application repository. It is further assnmed in FIG. 
7 and FIG. 8 that the trusted agent fetches the token from the 
network (steps 3 and 4, respectively) after the rights of the 
application have been checked (steps 1 and 2). The token 

65 may also be fetched after the application has been started, 
since the INVITE request is in any case diverted to the 
trusted agent for the addition of the digest. 
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The above-described mechanism cannot prevent unautho
rized applications, i.e. applications that are not approved by 
the operator, from being used in the terminal. Rather, the 
above mechanism prevents an nnauthorized application 
from being used in place of a valid application. If the use 
unauthorized applications is also to be eliminated, the SIP 
stack must be moved to the tamper-proof area or the 
possibility to change the SIP stack is to be eliminated 
otherwise. In the above examples, it is assumed that the SIP 
stack (or the middleware modification module) can be 
changed but the trusted agent offers its services only to a 
valid SIP stack (or middleware modification module). 

The authentication of the application may also be per
formed in another network element than the authentication 
server. FIG. 9 illustrates an example, in which the authen
tication occurs in the delivery server. When the user decides 

8 
cluding the corresponding public key) may be stored in the 
terminal already in the manufacturing phase, for example. If 
the authentication process utilizes a permanent private key 
stored in the tamper-resistant area, all the applications are 
authenticated by means of the same key. In case of a key that 
is not application-specific, the trusted entity is actually the 
entity authenticated. However, as in this case the authenti
cating entity can be sure that the application is controlled by 
the trusted agent in the terminal, the authentication of the 

10 application here refers to all the above alternative uses of a 
key/shared secret. 

The authentication may also be introduced into the call 
processing server, for example, or the authentication server 
may be in connection with the delivery server or the call 

15 processing server. However, if the authentication process 
utilizes application-specific or application-instance-specific 
keys generated by the delivery server and another entity than 
the delivery server acts as the authenticating entity, the keys 

to download an application from the delivery server (step 
900), a download request is sent from the terminal to the 
delivery server (step 901). In response to the request, the 
delivery server generates a secret key and an identifier, 20 

which are specific to the application instance to be sent to the 
user (step 902). The delivery server then sends the encrypted 
content (application) to the terminal, together with a rights 
module that includes a key and the identifier generated (step 
903). When the application is started (step 904), the trusted 
agent checks the rights of the application (step 905) and 
sends a token request to the delivery server if the rights are 
valid (step 906). The token request includes the identifier of 
the application instance. Upon receiving the request, the 
delivery server generates a token, associates it with the 
identifier of the application instance (step 907), and returns 
the token to the terminal (step 908). When the trusted agent 
has received the token, the application control may continue 

must be transferred to the said another entity. 
In one embodiment of the invention, the terminal may 

fetch several tokens at a time and use them one by one. Each 
time an application is started, the terminal takes one of the 
tokens fetched and uses it for calculating the digest. Once a 
token is used, it is discarded. In this embodiment, token 

25 identifiers may be used to indicate the token used at each 
time. The authenticating entity (such as the delivery server) 
may send the identifiers together with the tokens to the 
terminal, and the terminal may insert the token identifier in 
the INVITE request, whereby the authenticating entity may 

30 perform the authentication based on the correct token. 
In another embodiment of the invention, the call process

ing server challenges the terminal after the INVITE request 
is sent. In this embodiment, which is illustrated in FIG. 10, 
the download and the start of the application (steps 1000 to as discussed in connection with FIGS. 2 and 3. Reference 

numeral 230 in FIG. 9 refers to the block marked with the 
same reference numeral in FIG. 3. However, in the example 
of FIG. 9 the trusted agent may now modify the INVITE 
request by adding the digest and the identifier of the appli
cation instance to the INVITE request (which includes the 
user identity in the message header). This INVITE request is 
sent to the call processing server (step 909), which finds out 
the correct delivery server (step 910) and sends the authen
tication request to that delivery server (step 911). The 
authentication request includes the digest, the identifier of 
the application instance, and the identifier of the user. Based 
on the binding established earlier at step 907, the delivery 
server finds the correct token, whereby it can calculate the 
digest and compare the calculated digest with the digest 
received in the authentication request (step 912). The deliv
ery server then returns the authentication response to the call 
processing server (step 913). If the response indicates that 
the authentication was successful, the call processing server 
may then invite the other party/parties to the session (step 
914). However, if the authentication did not succeed, the call 
processing server sends an error message to the terminal. 

In the example of FIG. 9, the calculation of the digest is 
based on an application-instance-specific secret key gener
ated by the delivery server in connection with the download 
of the application, i.e. different keys are generated for each 
download of a particular application (such as a chess appli
cation) by the delivery server. It is also possible that an 
application-specific (i.e. not instance-specific) secret key is 
generated by the delivery server, in which case different keys 
are generated for different applications. However, as men
tioned above, the authentication may also be based on a 
public/private key pair or a shared secret, which may not be 
application-specific. The private key and a certificate (in-

35 1005) as well as the application control in the terminal may 
be performed as disclosed above. However, the token 
request is not sent prior to the INVITE request, but the 
terminal first sends an INVITE request failing to include the 
digest (step 1009). When the delivery server receives the 

40 INVITE request, it generates a token (step 1010) and sends 
it to the terminal. The terminal then calculates the digest 
based on the token and returns the digest to the delivery 
server, which then also calculates the digest and compares it 
with the digest received from the terminal (step 1016). The 

45 authentication result is then sent to the call processing server 
(step 1017), and the process continues in the above-de
scribed marmer. 

In still another embodiment of the invention, the terminal 
and the authenticating entity, such as the delivery server, are 

50 provided with their respective connters. The terminal incre
ments its counter each time an application is started and uses 
the counter value for the calculation of the digest. The 
authenticating entity in tum increments its counter each time 
a digest is checked. In this way no token needs to be 

55 transmitted, since the counter value acts as a token. How
ever, a synchronization mechanism is needed for the 
counters to maintain them synchronized. 

Although the invention was described above with refer
ence to the examples shown in the appended drawings, it is 

60 obvious that the invention is not limited to these, but may be 
modified by those skilled in the art without departing from 
the scope and spirit of the invention. For example, in the 
above examples the mutual order of some messages may be 
changed and one message shown in the examples may in 

65 practice comprise more than one message. The mechanism 
may also be applied to other type of messages than the 
above-mentioned INVITE request, especially if the behavior 
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of the applications is controlled. If the connnunication is 
session-based, the authentication needs to be performed only 
for the message initiating the session, while in an event
based connnunication each message needs to be authenti
cated. The mechanism may also be used in another than the 
above-described IMS-based environment, in which case the 
protocol stack used may also be another than an SIP stack. 

The invention claimed is: 
1. A method for controlling application programs in a 10 

communication terminal, the method comprising: 
sending messages from an application program towards a 

connnunication network, the application program 
residing in a connnunication terminal; 

diverting a message of the messages to a controlling entity 15 

residing in the connnunication terminal; and 
based on the message, controlling in the controlling entity 

whether the application program behaves in a prede
termined mauner in the connnunication terminal, the 
controlling being performed before the message is 20 

transmitted from the connnunication terminal to the 
connnunication network. 

2. The method according to claim 1, further comprising: 
checking, prior to the sending of the messages, a right 25 

related to the application program, the right indicating 
whether the application program is authorized to run in 
the terminal. 

3. The method according to claim 2, wherein the control
ling comprises modifYing the message diverted to the con- 30 

trolling entity. 

10 
checking, prior to the sending the messages, a right 

related to the application program, the right indicating 
whether the application program is authorized to run in 
the terminal; and 

authenticating the application program in response to 
reception of the message modified by the modifYing. 

10. The method according to claim 9, further comprising: 
creating a token for the authenticating. 
11. The method according to claim 10, further compris

ing: 
retrieving the token from a first network node, 
wherein the creating is performed in the first network 

node. 
12. The method according to claim 11, wherein the 

retrieving is responsive to the checking. 
13. The method according to claim 11, further compris

ing: 
downloading the application program from a second 

network node to the connnunication terminal. 
14. The method according to claim 13, wherein the 

modifYing comprises: 
calculating a digest based on the token and a secret key; 

and 
adding the digest in the message diverted to the control

ling entity. 
15. The method according to claim 14, further compris

ing: 
generating the secret key in the second network node; and 
transferring the secret key to the communication terminal. 
16. The method according to claim 15, wherein the 

transferring comprises performing the transferring in con
nection with the downloading. 4. The method according to claim 1, wherein the control

ling comprises preventing the message diverted to the con
trolling entity from being transmitted to the connnunication 
network. 

5. The method according to claim 1, further comprising: 
storing a plurality of application programs in the com

munication terminal; and 

17. The method according to claim 15, wherein the 
downloading comprises downloading the application pro-

35 gram from the second network node, in which the first and 
second network nodes are the same. 

18. The method according to claim 14, wherein the 
authenticating comprises verifYing the digest. 

maintaining a repository including application program 
identifiers for the plurality of application programs for 
which the diverting and controlling are to be per
formed. 

19. The method according to claim 18, wherein the 
40 verifying comprises verifying the digest in the first network 

node. 

6. The method according to claim 5, further comprising: 
examining whether the diverting and controlling are per

formed for the message sent from the application 
program towards the network, 

20. The method according to claim 9, wherein the modi
fYing comprises adding an identifier in the message diverted 
to the controlling entity, wherein the identifier identifies the 

45 application program. 

wherein the examining comprises comparing an applica
tion program identifier of the application program 
identifiers within the message with the application 
program identifiers stored in the repository. 50 

7. The method according to claim 6, wherein the exam
ining further comprises examining a message type. 

8. The method according to claim 1, wherein the diverting 
comprises diverting the messages to the controlling entity. 55 

9. A method for controlling application programs in a 
communication terminal, the method comprising: 

sending messages from an application program towards a 
connnunication network, the application program 
residing in a connnunication terminal; 

diverting a message of the messages to a controlling entity 
residing in the connnunication terminal; 

60 

controlling the message in the controlling entity before 
the message is transmitted from the connnunication 
terminal to the connnunication network, wherein the 65 

controlling comprises modifying the message diverted 
to the controlling entity; 

21. The method according to claim 20, wherein the 
authenticating comprises: 

generating a token in response to reception of the message 
including the identifier; and 

sending the token to the connnunication terminal. 
22. The method according to claim 21, further compris

ing: 
calculating, in the connnunication terminal, a digest based 

on the token and a secret key. 
23. The method according to claim 22, wherein the 

authenticating comprises verifYing the digest calculated in 
the communication terminal. 

24. A terminal for a connnunication system, the terminal 
comprising: 

an application program configured to send messages 
towards a connnunication network; and 

a diverting unit configured to divert a message of the 
messages sent from the application program and des
tined for the connnunication network to a controlling 
entity residing in the terminal, 

wherein the controlling entity is configured to control, 
based on the message and before the message is trans-
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mitted to the communication network, whether the 
application program behaves in a predetermined man
ner in the communication terminal, and 

wherein the terminal is a terminal of a communications 
system. 

12 
receiving the control data that includes a digest calculated 
based on a secret key and a token, and for verifYing the 
digest. 

35. The system according to claim 33, wherein the system 
further comprises: 

a delivery server for delivering application programs to 
communication terminals, wherein the delivery server 
located in the communication network. 

25. The terminal according to claim 24, wherein the 
controlling entity is configured to check a right related to the 
application program, the right indicating whether the appli
cation program is authorized to be run in the terminal. 

26. The terminal according to claim 24, wherein the 
controlling entity is configured to reside in a tamper resistant 
area of the terminal. 

27. The terminal according to claim 24, wherein the 
controlling entity is configured to add a digest in the 
message. 

36. The system according to claim 35, wherein the deliv-
10 ery server is configured to generate a secret key in connec

tion with a download of the application program from the 
delivery server to the terminal. 

28. The terminal according to claim 24, wherein the 
controlling entity is configured to add an identifier in the 
message, and wherein the identifier is configured to identify 
the application program. 

15 

29. The terminal according to claim 24, wherein the 20 

diverting unit comprises a software module residing 
between the application program and a protocol stack resid
ing in the terminal. 

30. The terminal according to claim 24, wherein the 
diverting unit is introduced into a protocol stack residing in 25 

the terminal. 
31. The terminal according to claim 24, further compris

ing: 
a repository comprising application program identifiers 

for determining whether the message sent by the appli- 30 

cation program is diverted to the controlling entity. 
32. The terminal according to claim 24, wherein the 

terminal comprises a mobile terminal. 
33. A system for authentication application programs in a 

communication network, the system comprising: 
an application program to send messages towards a com

munication network; 

35 

diverting means for diverting a message of the messages 
sent from the application program and destined for the 
communication network to a controlling entity residing 40 

in a terminal; 
the controlling entity configured to add control data to the 

message; 
authentication means for receiving the control data to 

initiate authentication of the application program in 45 

response to reception of the control data; and 
connection set-up means, responsive to the authentication 

means, for setting up a connection when the application 
program is successfully authenticated by the authenti
cation means. 

34. The system according to claim 33, wherein the authen
tication means comprises authentication means both for 

50 

37. The system according to claim 33, wherein the control 
data comprises an identifier identifYing the application pro-
gram. 

38. The system according to claim 35, wherein the authen
tication means is configured to send a token to the terminal 
in response to reception of an identifier for calculating a 
digest in the terminal, and wherein the authentication means 
is configured to verifY the digest. 

39. A system for controlling application programs in a 
communication terminal, the system, comprising: 

sending means for sending messages from an application 
program towards a communication network, the appli
cation program residing in a communication terminal; 

diverting means for diverting a message of the messages 
to a controlling entity residing in the communication 
terminal; and 

the controlling entity configured to control, based on the 
message and before the message is transmitted from the 
communication terminal to the communication net
work, whether the application program behaves in a 
predetermined marmer in the communication terminal. 

40. A terminal for a communication system, the terminal, 
comprising: 

an application program configured to send messages 
towards a communication network; 

diverting means for diverting a message of the messages 
sent from the application program and destined for the 
communication network to a controlling entity residing 
in the terminal, 

wherein the controlling entity is configured to control, 
based on the message and before the message is trans
mitted to the communication network, whether the 
application program behaves in a predetermined man
ner in the communication terminal, and 

wherein the terminal is a terminal of a communications 
system. 

* * * * * 
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