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1 Plaintiff Sony Corporation (“Sony”) hereby alleges for its Complaint against

2 | LG Electronics U.S.A., Inc. (“LGEUS”), and LG Electronics Mobilecomm U.S.A,,

3 | Inc. (“LGEMU”) (collectively “Defendants”), on personal knowledge as to its own

4 { activities and on information and belief as to the activities of others, as follows:

5 THE PARTIES

6 1. Sony is a corporation organized and existing under the laws of Japan

7 1 with offices at 1-7-1 Konan, Minato-ku, Tokyo, 108-0075, Japan.

8 2. On information and belief, LGEUS is a corporation organized and

.9 existing under the laws of New Jersey with offices at 1000 Sylvan Avenue,
10 | Englewood Cliffs, New Jersey 07632. Upon information and belief, LGEUS,
11 | directly or indirectly through its wholly owned subsidiaries, imports into the United
12 | States and distributes and sells and/or offers to sell throughout the United States,
13 | including in the State of California, mobile telephone handsets, Blu-ray players
14 | with Wi-Fi functionality, and Wi-Fi adaptors. Such products include, but are not
15} limited to, BX580 Blu-ray player, BD570 Blu-ray player, AN-WF100 Wi-Fi USB ‘
16 | adapter, Accolade (VX5600), Cosmos (VN250), Encore (GT550), enV Touch
17 | (VX11000), Fathom (VS750), Quantum (C900), Glance (VX7100), GU295, Lotus
18 | Elite (LX610), LX370, Neon (GT365), Remarq (LN240), Rumor 2 (VM265),
19 | Rumor Touch (LN510), Vu Plus (GR700), and Xenon (GR500).
20 3. On information and belief, LGEMU is a corporation organized and
21 || existing under the laws of California with offices at 10101 Old Grove Road, San
22 || Diego, California 92131. Upon information and belief, LGEMU is a wholly owned
23 || subsidiary of LGEUS. Upon information and belief, LGEMU imports, markets,
24 | distributes, and sells the LG mobile telephone handset products in the United
25 | States, including in the State of California. Such mobile telephone handset
26 | products include, but are not limited to, Accolade (VX5600), Cosmos (VN250),
27 | Encore (GT550), enV Touch (VX11000), Fathom (VS750), Quantum (C900),
28 | Glance (VX7100), GU295, Lotus Elite (LX610), LX370, Neon (GT365), Remarq
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(LN240), Rumor 2 (VM265), Rumor Touch (LN510), Vu Plus (GR700), and
Xenon (GR500).
JURISDICTION AND VENUE

4. This is an action for patent infringement arising under the patent laws of
the United States, Title 35 of the United States Code. Accordingly, this Court has
subject matter jurisdiction pursuant to 28 U.S.C. §§ 1331 and 1338(a).

5. Personal jurisdiction is proper in this district pursuant to 28 U.S.C. §§
1391 and 1400 because, on information and belief, Defendants transact business in
this district, including the sale and offering for sale of their mobile telephone
handset products, and Defendants have sufficient contacts with this district to
subject themselves to the jurisdiction of this Court.

6. Venue is proper in this district pursuant to 28 U.S.C. §§ 1391(b), (¢),
and (d), and 1400(b).

CAUSES OF ACTION
COUNTI
Infringement of U.S. Patent No. 6,222,921
7. Sony repeats and re-alleges the allegations of paragraphs 1 through 6 of

this Complaint as if fully set forth herein.

8.  United States Patent No. 6,222,921, entitled “Method and apparatus for
displaying an electronic phonebook” (the “’921 patent”), was duly and legally
issued on April 24, 2001 naming Katzuto Maugura, Bryan Lew Fong, and Chris
Shi-Chai Liu as inventors. A true and correct copy of the ’921 patent is attached
hereto as Exhibit A.

9. Sony owns by assignment the entire right, title, and interest in and to the
"921 patent, including the right to sue for past, present, and future infringements
thereof.

10. Sony has provided and Defendants have received actual notice of the

’921 patent.

COMPLAINT FOR PATENT INFRINGEMENT 3
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1 11. Defendants have directly infringed, and/or have induced others to
2 | infringe, and/or have committed acts of contributory infringement of one or more
3 | claims of the *921 patent in violation of 35 U.S.C. § 271, et seq. Defendants have
4 | committed acts of infringement by making, using, selling, and/or offering to sell
5 | products within the United States, and/or importing products into the United States,
6 | including, but not limited to, the following LG products: Lotus Elite (LX610),
7 | LX370, Neon (GT365), Remarq (LN240), Rumor 2 (VM265), and Xenon (GR500).
8 12. Defendants’ activities have been without express, or implied, license by
9 | Sony.
10 13. Defendants will continue to infringe the *921 patent unless enjoined by
11 | this Court. As a result of the infringing conduct of each Defendant, Sony has

12 | suffered, and will continue to suffer, irreparable harm for which there is no
13 | adequate remedy at law. Accordingly, Sony is entitled to temporary, preliminary,
14 | and/or permanent injunctive relief against such infringement pursuant to 35 U.S.C.
15 1 §283.
16 14. As a result of the infringement of the *921 patent by each Defendant,
17 | Sony has been damaged, and will be further damaged, and is entitled to be
18 | compensated for such damages pursuant to 35 U.S.C. § 284 in an amount that
i 19 | presently cannot be ascertained, but that will be determined at trial.
‘ 20 15. Sony believes that each Defendant’s past infringement and/or continuing
21 | infringement has been deliberate and willful, and that this case is therefore an
22 | exceptional case, which warrants an award of treble damages and attorneys’ fees to

23 | Sony in accordance with 35 U.S.C. § 285.

24 COUNT II
25 Infringement of U.S. Patent No. 7,580,006
26 16. Sony repeats and re-alleges the allegations of paragraphs 1 through 6 of

27 | this Complaint as if fully set forth herein.
28 17. United States Patent No. 7,580,006, entitled “Portable telephone” (the

COMPLAINT FOR PATENT INFRINGEMENT
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“’006 patent”), was duly and legally issued on August 25, 2009 naming Ryosuke
Takeuchi as inventor. A true and correct copy of the '006 patent is attached hereto
as Exhibit B.

18. Sony owns by assignment the entire right, title, and interest in and to the
’006 patent, including the right to sue for past, present, and future infringements
thereof.

19. Sony has provided and Defendants have received actual notice of the
’006 patent.

20. Defendants have directly infringed, and/or have induced others to
infringe, and/or have committed acts of contributory infringement of one or more
claims of the 006 patent in violation of 35 U.S.C. § 271, et seq. Defendants have
committed acts of infringement by making, using, selling, and/or offering to sell
products within the United States, and/or importing products into the United States,
including, but not limited to, the following LG products: Accolade (VX5600),
Cosmos (VN250), Encore (GT550), enV Touch (VX11000), Fathom (VS750),
Glance (VX7100), GU29S, Lotus Elite (LX610), LX370, Neon (GT365), Remarq
(LN240), Rumor 2 (VM265), Rumor Touch (LN510), Vu Plus (GR700) and Xenon
(GR500).

21. Defendants’ activities have been without express, or implied, license by
Sony.

22. Defendants will continue to infringe the 006 patent unless enjoined by
this Court. As a result of the infringing conduct of each Defendant, Sony has
suffered, and will continue to suffer, irreparable harm for which there is no
adequate remedy at law. Accordingly, Sony is entitled to temporary, preliminary,
and/or permanent injunctive relief against such infringement pursuant to 35 U.S.C.
§ 283.

23. As a result of the infringement of the 006 patent by each Defendant,
Sony has been damaged, and will be further damaged, and is entitled to be

COMPLAINT FOR PATENT INFRINGEMENT 5




Case 2:10-cv-09967-CAS -PJW Document1l Filed 12/28/1i Page 6 of 203 Page ID #:14

O 00 N9 O bW

N NN NN NN = — e — e s p— f— —
00 N & L A WD = O 0 0NN N DD W N =D

compensated for such damages pursuant to 35 U.S.C. § 284 in an amount that
presently cannot be ascertained, but that will be determined at trial.

24. Sony believes that each Defendant’s past infringement and/or continuing
infringement has been deliberate and willful, and that this case is therefore an
exceptional case, which warrants an award of treble damages and attorneys’ fees to
Sony in accordance with 35 U.S.C. § 285.

COUNT I11
Infringement of U.S. Patent No. RE40,568

25. Sony repeats and re-alleges the allegations of paragraphs 1 through 6 of
this Complaint as if fully set forth herein.

26. United States Patent No. RE40,568 entitled “Synchronization symbol
structure using OFDM based transmission method” (the “’568 patent”), was duly
and legally issued on November 11, 2008 naming Ralf Béhnke, Thomas Délle, and
Tino Puch as inventors. A true and correct copy of the ’568 patent is attached
hereto as Exhibit C.

27. Sony owns by assignment the entire right, title, and interest in and to the
’568 patent, including the right to sue for past, present, and future infringements
thereof.

28. Sony has provided and Defendants have received actual notice of the
’568 patent.

29. Defendants have directly infringed, and/or have induced others to
infringe, and/or have committed acts of contributory infringement of one or more
claims of the *568 patent in violation of 35 U.S.C. § 271, et seq. Defendants have
committed acts of infringement by making, using, selling, and/or offering to sell
products within the United States, and/or importing products into the United States,
including, but not limited to, the following LG products: BX580 Blu-ray player,
BD570 Blu-ray player, AN-WF100 Wi-Fi USB adapter, Fathom (VS750), and
Quantum (C900).

COMPLAINT FOR PATENT INFRINGEMENT 6
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30. Defendants’ activities have been without express, or implied, license by
Sony.

31. Defendants will continue to infringe the *568 patent unless enjoined by
this Court. As a result of the infringing conduct of each Defendant, Sony has
suffered, and will continue to suffer, irreparable harm for which there is no
adequate remedy at law. Accordingly, Sony is entitled to temporary, preliminary,
and/or permanent injunctive relief against such infringement pursuant to 35 U.S.C.
§ 283.

32. As a result of the infringement of the ’568 patent by each Defendant,
Sony has been damaged, and will be further damaged, and is entitled to be
compensated for such damages pursuant to 35 U.S.C. § 284 in an amount that
presently cannot be ascertained, but that will be determined at trial.

33. Sony believes that each Defendant’s past infringement and/or continuing
infringement has been deliberate and willful, and that this case is therefore an
exceptional case, which warrants an award of treble damages and attorneys’ fees to
Sony in accordance with 35 U.S.C. § 285.

COUNT IV
Infringement of U.S. Patent No. 7,120,137

34. Sony repeats and re-alleges the allegations of paragraphs 1 through 6 of
this Complaint as if fully set forth herein.

35. United States Patent No. 7,120,137 entitled “Method and apparatus for
assigning codes” (the “’137 patent”), was duly and legally issued on October 10,
2006 naming Keijiro Take as inventor. A true and correct copy of the *137 patent is
attached hereto as Exhibit D.

36. Sony owns by assignment the entire right, title, and interest in and to the
"137 patent, including the right to sue for past, present, and future infringements
thereof.

37. Sony has provided and Defendants have received actual notice of the

COMPLAINT FOR PATENT INFRINGEMENT 7
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’137 patent.

38. Defendants have directly infringed, and/or have induced others to
infringe, and/or have committed acts of contributory infringement of one or more
claims of the 137 patent in violation of 35 U.S.C. § 271, et seq. Defendants have
committed acts of infringement by making, using, selling, and/or offering to sell
products within the United States, and/or importing products into the United States,
including, but not limited to, the following LG products: Encore (GT550), Fathom
(VS750), GU295, Vu Plus (GR700), and Xenon (GR500).

39. Defendants’ activities have been without express, or implied, license by
Sony. |

40. Defendants will continue to infringe the 137 patent unless enjoined by
this Court. As a result of the infringing conduct of each Defendant, Sony has
suffered, and will continue to suffer, irreparable harm for which there is no
adequate remedy at law. Accordingly, Sony is entitled to temporary, preliminary,
and/or permanent injunctive relief against such infringement pursuant to 35 U.S.C.
§ 283.

41. As a result of the infringement of the 137 patent by each Defendant,
Sony has been damaged, and will be further damaged, and is entitled to be
compensated for such damages pursuant to 35 U.S.C. § 284 in an amount that
presently cannot be ascertained, but that will be determined at trial.

42. Sony believes that each Defendant’s past infringement and/or continuing
infringement has been deliberate and willful, and that this case is therefore an
exceptional case, which warrants an award of treble damages and attorneys’ fees to
Sony in accordance with 35 U.S.C. § 285.

COUNT V
Infringement of U.S. Patent No. 6,829,489

43. Sony repeats and re-alleges the allegations of paragraphs 1 through 6 of
this Complaint as if fully set forth herein.

COMPLAINT FOR PATENT INFRINGEMENT 8
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44. United States Patent No. 6,829,489, entitled “Communication system,
transmitter, receiver, and communication method” (the “’489 patent”), was duly
and legally issued on December 7, 2004 naming Kazushi Yamamoto, Hideshi
Murai, and Yasuhiro Yano as inventors. A true and correct copy of the 489 patent
is attached hereto as Exhibit E.

45. Sony owns by assignment the entire right, title, and interest in and to the
'489 patent, including the right to sue for past, present, and future infringements
thereof.

46. Sony has provided and Defendants have received actual notice of the
’489 patent. |

47. Defendants have directly infringed, and/or have induced others to
infringe, and/or have committed acts of contributory infringement of one or more
claims of the *489 patent in violation of 35 U.S.C. § 271, et seq. Defendants have
committed acts of infringement by making, using, selling, and/or offering to sell
products within the United States, and/or importing products into the United States,
including, but not limited to, the following LG products: Encore (GT550), Fathom
(VS750), GU295, Vu Plus (GR700), and Xenon (GR500).

48. Defendants’ activities have been without express, or implied, license by
Sony.

49. Defendants will continue to infringe the *489 patent unless enjoined by
this Court. As a result of the infringing conduct of each Defendant, Sony has
suffered, and will continue to suffer, irreparable harm for which there is no
adequate remedy at law. Accordingly, Sony is entitled to temporary, preliminary,
and/or permanent injunctive relief against such infringement pursuant to 35 U.S.C.
§ 283.

50. As a result of the infringement of the *489 patent by each Defendant,
Sony has been damaged, and will be further damaged, and is entitled to be

compensated for such damages pursuant to 35 U.S.C. § 284 in an amount that

COMPLAINT FOR PATENT INFRINGEMENT 9
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presently cannot be ascertained, but that will be determined at trial.

51. Sony believes that each Defendant’s past infringement and/or continuing
infringement has been deliberate and willful, and that this case is therefore an
exceptional case, which warrants an award of treble damages and anomeys’ fees to
Sony in accordance with 35 U.S.C. § 285.

COUNT VI
Infringement of U.S. Patent No. 7,242,769

52. Sony repeats and re-alleges the allegations of paragraphs 1 through 6 of
this Complaint as if fully set forth herein.

53. United States Patent No. 7,242,769, entitled “Enciphering apparatus and
method, decipher.ing apparatus and method as well as information processing
apparatus and method” (the “’769 patent”), was duly and legally issued on July 10,
2007 naming Ryuji Ishiguro, Yoshitomo Osawa, Yoshio Osakabe, Makoto Sato,
Hisato Shima, and Tomoyuki Asano as inventors. A true and correct copy of the
769 patent is attached hereto as Exhibit F.

54. Sony owns by assignment the entire right, title, and interest in and to the

"769 patent, including the right to sue for past, present, and future infringements

‘thereof.

55. Sony has provided and Defendants have received actual notice of the

>769 patent.

56. Defendants have directly infringed, and/or have induced others to
infringe, and/or have committed acts of contributory infringement of one or more
claims of the 769 patent in violation of 35 U.S.C. § 271, et seq. Defendants have
committed acts of infringement by making, using, selling, and/or offering to sell
products within the United States, and/or importing products into the United States,
including, but not limited to, the following LG products: Encore (GT550), GU295,
Vu Plus (GR700), and Xenon (GR500).

57. Defendants’ activities have been without express, or implied, license by

COMPLAINT FOR PATENT INFRINGEMENT 10
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1 | Sony.
2 58. Defendants will continue to infringe the *769 patent unless enjoined by
3 | this Court. As a result of the infringing conduct of each Defendant, Sony has
4 | suffered, and will continue to suffer, irreparable harm for which there is no
5 | adequate remedy at law. Accordingly, Sony is entitled to temporary, preliminary,
6 | and/or permanent injunctive relief against such infringement pursuant to 35 U.S.C.
7 §283.
8 59. As a result of the infringement of the 769 patent by each Defendant,
9 | Sony has been damaged, and will be further damaged, and is entitled to be
10 | compensated for such damages pursuant to 35 U.S.C. § 284 in an amount that
11 | presently cannot be ascertained, but that will be determined at trial.
12 60. Sony believes that each Defendant’s past infringement and/or continuing
13 | infringement has been deliberate and willful, and that this case is therefore an
14 | exceptional case, which warrants an award of treble damages and attorneys’ fees to
15 | Sony in accordance with 35 U.S.C. § 285.
16 COUNT VII
17 Infringement of U.S. Patent No. 6,510,208
18 61. Sony repeats and re-alleges the allegations of paragraphs 1 through 6 of
19 | this Complaint as if fully set forth herein.
20 62. United States Patent No. 6,510,208, entitled “Telephone apparatus with
21 } audio recording function and audio recording method telephone apparatus with
22 | audio recording function” (the “’208 patent”), was duly and legally issued on
23 | January 21, 2003 naming Kozo Komiya as inventor. A true and correct copy of the
24 ’208 patent is attached hereto as Exhibit G.
25 63. Sony owns by assignment the entire right, title, and interest in and to the
26 | 208 patent, including the right to sue for past, present, and future infringements
27 | thereof.
28 64. Sony has provided and Defendants have received actual notice of the
COMPLAINT FOR PATENT INFRINGEMENT 11




Case 2:1P-cv-09967-CAS wv Document 1 Filed 12/28/10‘age 12 of 203 Page ID #:20

O 00 1 &N U B WO

NNNNNNNNN»—A»—A—Av—-n—)—h—-O—ar—v—d
OO\JO\M#WN'—‘O\OOO\IO\MAU)N‘—‘O

’208 patent.

65. Defendants have directly infringed, and/or have induced others to
infringe, and/or have committed acts of contributory infringement of one or more
claims of the 208 patent in violation of 35 U.S.C. § 271, ef seq. Defendants have
committed acts of infringement by making, using, selling, and/or offering to sell
products within the United States, and/or importing products into the United States,
including, but not limited to, the following LG products: Glance (VX7100),
Accolade (VX5600), Cosmos (VN250), enV Touch (VX11000), Lotus Elite
(LX610), LX370, Remarq (LN240), and Rumor Touch (LN510).

66. Defendants’ activities have been without express, or implied, license by
Sony.

67. Defendants will continue to infringe the *208 patent unless enjoined by
this Court. As a result of the infringing conduct of each Defendant, Sony has
suffered, and will continue to suffer, irreparable harm for which there is no
adequate remedy at law. Accordingly, Sony is entitled to temporary, preliminary,
and/or permanent injunctive relief against such infringement pursuant to 35 U.S.C.
§ 283.

68. As a result of the infringement of the *208 patent by each Defendant,
Sony has been damaged, and will be further damaged, and is entitled to be
compensated for such damages pursuant to 35 U.S.C. § 284 in an amount that
presently cannot be ascertained, but that will be determined at trial.

69. Sony believes that each Defendant’s past infringement and/or continuing
infringement has been deliberate and willful, and that this case is therefore an
exceptional case, which warrants an award of treble damages and attorneys’ fees to
Sony in accordance with 35 U.S.C. § 285.

COUNT VI
Infringement of U.S. Patent No. 6,374,121

70. Sony repeats and re-alleges the allegations of paragraphs 1 through 6 of

COMPLAINT FOR PATENT INFRINGEMENT 12
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this Complaint as if fully set forth herein.

71. United States Patent No. 6,374,121, entitled “System and method for
enabling automatic performance of instrument functions” (the “’121 patent”), was
duly and legally issued on April 16, 2002 naming Kazuto Mugura, Eduardo
Sciammarella, and Scott Kravitz as inventors. A true and correct copy of the ’121
patent is attached hereto as Exhibit H.

72. Sony owns by assignment the entire right, title, and interest in and to the
’121 patent, including the right to sue for past, present, and future infringements
thereof.

73. Defendants have directly infringed, and/or are inducing others to
infringe, and/or have committed acts of contributory infringement of one or more
claims of the 121 patent in violation of 35 U.S.C. § 271, et seq. Defendants have
committed acts of infringement by making, using, selling, and/or offering to sell
products within the United States, and/or importing products into the United States,
including, but not limited to, the following LG products: Xenon (GR500), and
Quantum (C900).

74. Defendants’ activities have been without express, or implied, license by
Sony.

75. Defendants will continue to infringe the 121 patent unless enjoined by
this Court. As a result of the infringing conduct of each Defendant, Sony has
suffered, and will continue to suffer, irreparable harm- for which there is no
adequate remedy at law. Accordingly, Sony is entitled to temporary, preliminary,
and/or permanent injunctive relief against such infringement pursuant to 35 U.S.C.
§ 283.

76. As a result of the infringement of the 121 patent by each Defendant,
Sony has been damaged, and will be further damaged, and is entitled to be
compensated for such damages pursuant to 35 U.S.C. § 284 in an amount that

presently cannot be ascertained, but that will be determined at trial.

COMPLAINT FOR PATENT INFRINGEMENT 13
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1 PRAYER FOR RELIEF
2 WHEREFORE, Sony respectfully requests that the Court enter judgment:
3 (a) That each Defendant has infringed the 921 patent, 006 patent, *568
4 | patent, 137 patent, 489 patent, 769 patent, 208 patent, and *121 patent under 35
5| US.C.§§ 271 et seq.;
6 (b)  That injunctions, preliminary and permanent, be issued by this Court
7 | restraining each Defendant, their respective officers, agents, servants, directors, and
8 | employees, and all persons in active concert or participation with each, from
9 | directly or indirectly infringing, or inducing or contributing to the infringement by
10 | others of the *921 patent, 006 patent, 568 patent, *137 patent, *489 patent, *769
11 || patent, 208 patent, and *121 patent;
12 (c)  That each Defendant be required to provide to Sony an accounting of
13 | all gains, profits, and advantages derived by each Defendant’s infringement of the
14 1 921 patent, 006 patent, 568 patent, *137 patent, 489 patent, *769 patent, ’208
15 | patent, and *121 patent, and that Sony be awarded damages adequate to compensate
16 | Sony for the wrongful infringing acts by each Defendant, in accordance with 35
17 | US.C. § 284
18 (d)  That the damages awarded to Sony with regard to the *921 patent, 006
19 | patent, *568 patent, 137 patent, '489 patent, 769 patent, and 208 patent be
20 | increased up to three times, in view of Defendants’ willful infringement, in
21 | accordance with 35 U.S.C. § 284;
22 (¢)  That this case be declared to be exceptional in favor of Sony under 35
23 | U.S.C. § 285, and that Sony be awarded its reasonable attorneys’ fees and other
24 | expenses incurred in connection with this action;
25 (f)  That Sony be awarded its interest and costs of suit incurred in this
26 | action; and
27 (g) That Sony be awarded such other and further relief as this Court deems
28 | just and proper.
COMPLAINT FOR PATENT INFRINGEMENT 14
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DATED: December 28, 2010 Respectfully submitted,

QUINN EMANUEL URQUHART &
SULLIVAN, LLP

By STEVEN M. ANDERSON 5

Steven M. Anderson
Attorneys for Plaintiff Sony Corporation
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1 DEMAND FOR JURY TRIAL
2 Pursuant to Rule 38 of the Federal Rules of Civil Procedure, Plaintiff hereby
3 | demands a trial by jury as to all issues so triable.
4
5 | DATED: December 28, 2010 Respectfully submitted,
6 QUINN EMANUEL URQUHART &
7 SULLIVAN, LLP
8 /
9
By STEVEN M. ANDERSenN o
10 Steven M. Anderson
11 Attorneys for Plaintiff Sony Corporation
Of Counsel:
12 John Flock
13 | Marcia H. Sundeen
Jeffrey S. Gerchick
14 [ Paul T. Qualey
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Name & Address:

UNITED STATES DISTRICT COURT
CENTRAL DISTRICT OF CALIFORNIA

SONY CORPORATION, a Japanese Corporation CASE NUMBER

] i Cy 1 0. 099 67¢hs ws)

LG ELECTRONICS U.S.A., INC., a Delaware
corporation and LG ELECTRONICS MOBILECOMM

U.S.A., INC,, a California corporation

SUMMONS

DEFENDANT(S).

TO: DEFENDANT(S): LG Electronics U.S.A., Inc., LG Electronics Mobilecomm U.S.A., Inc.

A lawsuit has been filed against you.

Within __21  days after service of this summons on you (not counting the day you received it), you

must serve on the plaintiff an answer to the attached l!fcomplaint O amended complaint
0 counterclaim O cross-claim or a motion under Rule 12 of the Federal Rules of Civil Procedure. The answer

or motion must be served on the plaintiff’s attorney, Steven M. Anderson , whose address is
865 S. Figueroa St., 10th Floor, Los Angeles, CA 90017 . If you fail to do so,

judgment by default will be entered against you for the relief demanded in the complaint. You also must file
your answer or motion with the court.

Clerk, U.S. District Court "
JULIEPRADO \

Deputy Clerk:. \/
.,

(Seal of the Court)

DEC 28 200 By:

Dated:

[Use 60 days if the defendant is the United States or a United States agency, or is an officer or employee of the United States. Allowed
60 days by Rule 12(a)(3)].

CV-01A (12/07) SUMMONS
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UNITED STATES DISTRICT COURT
CENTRAL DISTRICT OF CALIFORNIA

NOTICE OF ASSIGNMENT TO UNITED STATES MAGISTRATE JUDGE FOR DISCOVERY

This case has been assigned to District Judge Christina A. Snyder and the assigned
discovery Magistrate Judge is Patrick J. Walsh.

The case number on all documents filed with the Court should read as follows:

CV10- 9967 CAS (PJWx)

Pursuant to General Order 05-07 of the United States District Court for the Central
District of California, the Magistrate Judge has been designated to hear discovery related
motions.

All discovery related motions should be noticed on the calendar of the Magistrate Judge

NOTICE TO COUNSEL

A copy of this notice must be served with the summons and complaint on all defendants (if a removal action is
filed, a copy of this notice must be served on all plaintiffs).

Subsequent documents must be filed at the following location:

[X] Western Division [L] Southern Division Eastern Division
312 N. Spring St., Rm. G-8 411 West Fourth St., Rm. 1-053 3470 Tweifth St.,, Rm. 134
Los Angeles, CA 90012 Santa Ana, CA 92701-4516 Riverside, CA 92501

Failure to file at the proper location will result in your documents being retumed to you.
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METHOD AND APPARATUS FOR
DISPLAYING AN ELECTRONIC
PHONEBOOK

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to displaying a name
directory on a screen, and, more specifically, to displaying a
pame directory containing a plurality of directory names
with each of them being associated with a plurality of
numbers.

2. Related Art

A state of art telephone has the capability of storing a
telephone directory containing a plurality of names, and
displaying these names on the display screen of the tele-
phone. Frequently, a name in a telephone directory may
contain several numbers (including a home number, an
office number, a fax number, a page number, and a cellular
number, for example). Using control buttons on the control
panel of a telephone, a user can select a number from a
telephone dircctory to dial the sclected number.

Conventionally, a typical available telephone displays all
names and the associated numbers of a telephone directory
together on a display screen. Such an approach makes it
difficult for a user to locate a number of interest from the
display screen, because the user may see several numbers
under an identical name. Furthermore, when a telephone
directory is displayed on a relatively small region, such as an
LCD screen on a cellular telephone, it is even more difficult
for a user 1o locate a particular pumber of interest.

There is, therefore, a need for a method and apparatus to
display a plurality of names, which facilitates a user to select
a specific number from the multiple numbers associated with
the names.

There is another need for a method and apparatus to
display a plurality of names on a relatively small display
region, which facilitates a user to select a specific number
from the multiple numbers associated with the names.

The present invention provides a method to meet these
two needs.

SUMMARY OF THE INVENTION

‘The present invention provides a novel method and a
corresponding apparatus to display a telephone directory.

To address the shortcomings of the available art, the
present invention provides a novel method for displaying a
telephone directory. The method compriscs the steps of: on
a first display screen, displaying a plurality of names, each
of the names being associated with a primary number; from
the first display screen, selecting one of the names; on a
second display screen, displaying a primary number asso-
ciated with the selected name and at least one secondary
pumber; and on the second display screen, aviomatically
selecting the primary number.

The present invention also provides an apparatus capable
of performing the steps in the method described above.

The foregoing and other features and advantages of the
invention will be more readily understood upon consider-
ation of the following detailed description of certain pre-
ferred embodiments of the invention, taken in conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is the front view of a cellular telephone, which
can be used to implement the present invention;
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FIG. 1B is the side view of the cellular telephone shown
in FIG. 1A;

FIG. 2 is a block diagram illustrating some compoanents of
the cellular telephone shown in FIG. 1A;

FIG. 3 shows the steps illustrating a sequence of displays
on a display region, in accordance with one embadiment of
the present invention;

FIGS. 4A-E show the steps illustrating a sequence of
displays on a display region, in accordance with another
embodiment of the present inveation;

FIG. 5 shows a flowchart illustrating the steps of entering
a name and the numbers that are associated with the name
into the cellular telephone, in accordance with the present
invention; and

FIG. 6 shows a flowchart illustrating the steps of display-
ing the numbers that arc associated with a name in a name
directory, in accordance with the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring to FIG. 1A, there is shown the front view of a
cellular telephone 100, which can be used to implement the
present invention.

As shown in FIG. 1A, the cellular telephone 100 includes
a display screen 102, an antenna 104, and a control panel
106. The control panel 106 includes a jog dial wheel 108 and
a key pane! 110 including twelve alpha/numeric keys (1, 2,
3,4,5,6,7,8,9,*,0, and #). The jog dial wheel 108 can
be moved in three directions (turn-up, turn-down, and press-
in) as indicated by the three arrows. The menu items
displayed on the display screen 102 can be scrolled up and
down by tuming the jog dial wheel 108 up and down,
respectively. And a selected menu item displayed on the
display screep 102 can be activated by pressing in the jog
dial wheel 102.

Referring to FIG. 1B, there is shown the side view of the
cellular telephone 100 1o illustrate the side view of the jog
dial wheel 108.

Referring to FIG. 2, there is shown a block diagram 200,
illustrating some components of the cellular telephone 100
shown in FIG. 1A, in accordance with the present invention.

As shown in FIG. 2, the block diagram 200 includes a
processor 204, an 1/0 (input and output) interface circuil
205, a graphic I/O interface circuit 206, a memory 208, and
a bus 210.

The processor 204, the 1/0 interface circuit 205, the
graphic 1/0 interface circuit 206, and the memory 208 are all
coupled to the bus 210.

The memory 208 includes: (1) a name output buffer 212
for storing directory names to be displayed, (2) a number
output buffer 214 for storing the numbers to be displayed,
(3) a name memory 216 for storing the directory names, 4
a number memory 218 for storing the numbers associated
with the directory names, and (5) an application memory
220 for storing an application that includes a data cotry
routine, a display routine, and a dialing routine.

The processor 204 controls the operations of the 1/O
interface circuit 205, the graphic the I/O interface circuit
206, the memory 208, and the display region 102, More
specifically, the processor 204 is able to: (1) get access to the
data stored in the name output buffer 212, the number output
buffer 214, the name memory 216, and the number memory
218, (2) exccute the application stored in the application
memory 220, (3) interact with the cootrol panel 106 via the
I/O interface circuit 208, and (4) display the data stored in

EXHIBIT __ A
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the output buffers 212 and 214 on the display region 102 via
the graphic I/O interface circuit 206. All these operations are
performed in a conventional manner, except as otherwise
described herein.

Since to the cellular sysiem 100, the display screen 102 is
an output mechanism, the name output buffer 212 and the
oumber outpul buffer 214 are especially set to store the data
to be displayed on the display screen 102,

Using the jog dial wheel 108, a user can invoke the data
entry routine (stored in the application memory 20). And
using the nine alpha/numeric keys on the key panel 110, a
user can input names (o the name memory 216 and numbers
to the number memory 218. The names and numbers can
then be loaded from the name memory 216 and the number
memory 218 to the name output buffer 212 and the number
output buffer 214, respectively. A pame may associate with
several numbers. Among the several numbers, the user can
define a primary number for the name.

Referring to FIG. 3, there is shown a name directory
stored in the name output buffer 212 and the number output
buffer 214, in accordance with the present invention.

As shown in FIG. 3, the name output buffer 212 stores
nioc names. The number output buffer 214 stores the num-
bers associated with each of the nine names stored in the
name output buffer 212. In particular, FIG. 3 shows that the
number output buffer 214 stores five numbers that are
associated with the seventh name (07 John Smith) stored in
the name output buffer 212.

Since the display screen 102 has a relatively small area,
ot all the data items stored in the name output buffer 212
or the number output buffer 214 can be displayed on the
display screen 102 at a certain point of time. Hence, a start
pointer and an end pointer are set to mark an active section
in the name output buffer 212 (or in the number output buffer
214). Even though all the data items stored in the name
output buffer 212 (or in the number output buffer 214) are
linked with the display screen 102, only the data items
contained in the active section are being displayed on the
display screen al a certain point of time. In the embodiment
shown in FIG. 3, for the name output buffer 212, a start
pointer 312 points to the fifth name (05 Henry Marx), and an
end pointer 314 points to the seventh name (07 John Smith).
Hence, the active region of the name output buffer 212
contains three names (05 Henry Marx, 06 Jack Kelley, and
07 Jobn Smith). When the start and end pointers 312 and 314
are moved down or up by tuming up or down the jog dial
wheel 108, the active section of the name output buffer 212
is also being moved up or down, causing the names stored
in the name oultput buffer 212 (o scroll up or down on the
displaying screen 102 accordingly.

Referring to FIGS. 4A-E, there are shown the screen
displays on display screen 102, in accordance with the
present invention.

FIG. 4A shows a screen display 402 oa the display screen
on 102, corresponding to the active region marked by the
start pointer 312 and the end pointer 314 shown in FIG. 3.
As shown in FIG. 4A, the screen display 402 includes three
names (05 Henry Marx, 06 Jack Kelley, and 07 John Smith).
An jcon is displayed beside cach of the names, denoting a
primary number for a respective name. Specifically, the
building icon beside “05 Henry Marx” denotes that the office
numbser is the primary number for Henry Marx. The house
icons beside “06 Jack Kelley” and “07 John Smith” denote
that the home numbers are the primary numbers for Jack
Kelley and John Smith. The rectangle in the middle of the
display screen 102 indicates a selecting region 403, meaning
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that the name displayed in the selecting region 403 is
currently selected. In FIG. 4A, the screen display 402
indicates that “06 Jack Kelley” is selected.

FIG. 4B shows a screen display 404 time sequentially to
the screen display 402 of FIG. 4A. To select the name “07
Jobn Smith”, a user turns up the jog dial wheel 108 while the
screen display 402 is being displayed on display screen 102.
In response, the control panel 106 sends a request to the
processor 204 via the 1/0 interface circuit 205. In response
1o the request, the processor 204 executes the display routine
(stored in the application memory 220) to move the start
pointer 312 from “05 Henry Marx™ to “06 Jack Kelley”, and
the end pointer 314 from “07 John Smith” to “08 Mike
Turner”. Consequently, the name entry “05 Henry Marx” is
moved out and the name entry “08 Mike Turner” is moved
into the active section of the name output buffer 212. Via the
graphic 1/Q interface circuit 206, the processor 204 then
displays the names currently contained in the active section
of the name output buffer 212, as shown in the display screen
404.

FIG. 4C shows a screen display 406 time sequentially to
the screen display 404 of FIG. 4B. To retrieve the numbers
associated with the name “07 John Smith”, the user presses
in the jog dial wheel 108 while the screen display 404 is
being displayed on the display screen 102. In response, the
control panel 106 sends 2 request to the processor 204 via
the I/O interface circuit 205. In response to the request, the
processor 204 cxecutes the display routine (stored in the
application memory 220) to retrieve the numbers associated
with the name entry “07 Jobn Smith” from number output
memory 214. Since the home number of John Smith has
been defined as a primary number, the processor 204 auto-
matically displays the home telephone number (510-284-
3292) in the selecting region 403 without requiring any
intcraction from the user. As shown in the screen display
406, a dot 407 denotes that the home telephone number is the
primary number. To dial the primary number, the user simply
presses in the jog dial wheel 108 on the control panel 106.
In response, the processor 204 excecutes the dialing routine
(stored in the application memory 220) to generate a dialing
signal for the primary number.

FIG. 4D shows a screen display 408 time sequentially to
the screen display 406 of FIG. 4C. To select the fax number
“415-356-7241", a user turns up the jog dial wheel 108
while the screen display 406 is being displayed on display
screen 102. In response, the control panel 106 sends a
request to the processor 204 via the /O interface circuit 205.
In response to the request, the processor 204 executes the
display routine (stored in the application memory 220) to
move the fax number “415-356-7241” to the sclecting
region 403. To dial the fax number, the user then presses in
the jog dial wheel 108 on the control panel 106. In response,
the processor 204 executes the dialing routine (stored in the
application memory 220) 1o generate a dialing signal for the
fax number.

FIG. 4E shows a screen display 410 time sequentially to
the screen display 406 of FIG. 4C. To select the office
number “415-356-7272", a user turns down the jog dial
wheel 108 while the screen display 406 is being displayed on
the display screen 102. In response, the control panel 106
sends a request to the processor 204 via the 1/O interface
circuit 205. In response to the request, the processor 204
cxecutes the display routine (stored in the application
memory 220) to move the office number “415-356-7272" 10
the selecting region 403. To dial the office number, the user
then presses in the jog dial wheel 108 on the control panel
106. In response, the processor 204 executes the dialing
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routine (stored in the application memory 220) to generate
a dialing signal for the office number.

Referring to FIG. §, there is shown a flowchart illustrating
the steps of entering a name and the numbers that are
associated with the name into the cellular telephone 100, in
accordance with the present invention.

As shown in FIG. 5, at step 502, in response to a data
entry menu selection from the display screen 102, the
processor 204 exccutes the data entry routine (stored in the
application memory 220) to display a prompt on the display
screen 102, instructing a user to enter a name to the cellular
telephone 100. Upon receiving the name entered by the user
using the alpha/numeric keys on the key panel 110, the
processor 204 stores the name to the name memory 216.

At step 504, the processor 204 executes the data eniry
routine (stored in the application memory 220) to display a
prompt on the display screen 102, repeatedly instructing the
user to input the numbers that are associated with the name.
Upon receiving a number, the processor 204 also display a
prompt on the display screen 102, instructing the user to
input the title for the number (such as bome, office, fax,
pager, or cellular). Upon receiving the title of the number,
the processor 204 assigns a pre-designed icon (that matches
the title) to the number. Upon receiving all the numbers that
are associated with the name, the processor 204 stores the
number iato the number memory 218.

At step 506, in response to a display menu selection from
the display screen 102, the processor 204 cxecutes the data
entry routine (stored in the application memory 220) to
display a prompt on the display screen 102, instructing the
user to defme a primary number for the name. Upon
receiving a definition input from the user, the processor 204
associates the primary number and the associated icon with
the name.

Referring to FIG. 6, there is shown a flowchart illustrating
the steps of displaying the numbers that are associated with
a name in a name directory, in accordance with the present
inveation.

As shown in FIG. 6, at step 602, the processor 204
executes the display routine (stored in the application
memory 220) to present a screen display for a name direc-
tory on the display screen 102. The screen display contains
a selecting region and a plurality of name entries. As an
exemplary screen display 404, FIG. 4B shows a name
directory containing a selecting region 403 and three names
(06 Jack Kelley, 07 John Smith, and 08 Mike Turner). The
pame “07 Joho Smith” is displayed within the selecting
region 403.

At step 604, a user activates the name entry “07 John
Smith” by pressing in the jog dial wheel 108.

Al step 606, in response to the activation, the processor
204 executes the display routine (stored in the application
memory 220) to retrieve the number eatries associated with
the name entry “07 John Smith” from the number output
memory 214 and display them on a screen display. As an
example, FIG. 4C shows the screen display 486 containing
a selecting region 403 and three number entrics (415-365-
7272 (office), 415-284-3293 (home), and 415-327-7241
(fax)). Each of the three number entries is associated with an
icon, and the dot 407 displayed beside the number entry
“415-284-3293" denotes that the number entry is a primary
oumber. Since the home number is defined as the primary
number for the name entry “07 John Smith”, the processor
204 automatically displays it in the selecting region 403
without requiring any interaction from the user. Following
the step 606, the user has two options. If the user wishes to
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dial the primary number, the operation is led to step 608; if
the user wishes to dial a secondary number, the operation is
led to step 610.

At step 608, to dial the primary number, the user simply
presses in the jog dial wheel 108 on the control panel 106,
which in tumm seods a request to the processor 204. In
response to the request, the processor 204 executes the
dialing routine (stored in the application memory 220) to
generate a dialing signal for the primary number.

At step 610, to dial the fax number (415-356-7241), the
user first turns up the jog dial wheel 108 to move the fax
number into the selecting region 403 (as shown in FIG. 4D).
The user then presses in the jog dial wheel 108, which in turn
generates a request to the processor 204. In response (o the
request, the processor 204 executes the dialing routine
(stored in the application memory 220) to gencrate a dialing
signal for the fax oumber.

As an alternative, at step 610, to dial the officc number
(415-356-7272), the user first turns down the jog dial wheel
108 10 move the office number into the selecting region 403
(as showa in FIG. 4E). The user then presses in the jog dial
wheel 108, which in turn generates a request to the processor
204. In response to the request, the processor 204 executes
the dialing routine (stored in the application memory 220) to
generate a dialing signal for the office number.

Although the present invention has been shown and
described with respect to preferred embodiments, various
changes and modifications are deemed to lic within the spirit
and scope of the invention as claimed.

What is claimed is:

1. A method for displaying a directory, comprising the
steps of:

(a) displaying a plurality of names on a first screen
display, each of the names being associated with a
primary number;

(b) sclecting one of the names from the first screen
display;

(c) displaying a primary number associated with the
selected name and at least one secondary number on a
second screen display; and

(d) automatically selecting the primary number from the
second screen display.

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

displaying a primary number icon for each of the names.

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

highlighting the primary number.

4. The method of claim 1, including the [urther step of:

activating the primary number to causc a dialing of the
primary number.

5. The method of claim 1, including the further steps of:

selecting the secondary number; and

activating the selected seccondary number to cause a
dialing of the secondary number.

6. The method of claim 1, the sccond screen display
having a title region and a content region, the method further
including the step

displaying the selected name in the title region, and
displaying the primary number and the secondary num-
ber in the content region.

7. An apparatus for displaying a directory, comprising:

(a) meaos for displaying a plurality of names on a first
screen display each of the names being associated with
a primary number;

(b) means for sclecting one of the names from the first
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(c) means for displaying on a second screen display a
primary number associated with the selecied name and
at least one secondary number; and

(d) means for automatically selecting the primary number
from the second screen display.

8. The apparatus of claim 7, further comprising:

means for displaying a primary number icon for each of
the names.

9. The apparatus of claim 7, further comprising:

means for highlighting the primary number.

10. The apparatus of claim 7, further comprising:

means for aclivating the primary number to cause a
dialing of the primary oumber.

11. The apparatus of claim 7, further comprising:

means for selecting the secondary number; and

means for activating the selected secondary number to
cause a dialing of the secondary number.

12. The apparatus of claim 7, the second screen display
baving a tille region and a content region, the apparatus
further including:

means for displaying the selected name in the title region,
and displaying the primary number and the secondary
number in the content region.

13. A storage device for storing a program, which is
readable and executable by a processing circuit to perform
the steps of:

(a) displaying a plurality of names on a first screen
display, each of the names having associated with it a
primary number;

(b) selecting one of the names from the first screen
display;

(c) displaying a primary number associated with the
selected name and at least one sccondary number on a
second screen display screen; and

(d) automatically selecting the primary number from the
second screen display.

14. The memory device of claim 13, the codes capable of

further performing the step of:

displaying a primary number icon for each of the names.

15. The memory device of claim 13, the codes capable of
further performing the step of:

highlighting the primary number.

16. The memory device of claim 13, the codes capable of
further performing the step of:

activating the primary number 10 cause a dialing of the
primary number.

17. The memory device of claim 13, the codes capable of

further performing the steps of:

selecting the secondary number; and

activating the selected secondary number to cause a
dialing of the secondary number.

18. The memory device of claim 13, the second screen
display having a title region and a content region, the codes
capable of further performing the step of:

displaying the selected name in the title region; and

displaying the primary number and the secondary number
in the content region.

19. A method of operating a telephone, comprising the

steps of:

(a) displaying a plurality of names on a first screen
display, each of the names having associated with a
primary number;

(b) sclecting one of the names from the first screen
display;
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8
(¢) displaying a primary number associated with the
selected name and at least one secondary number on a
second screen display; and

(d) automatically selecting the primary number from the

second screen display.

20. The method of claim 19, including the further step of:

displaying a primary number icon for each of the names.

21. The method of claim 19, including the further step of:

highlighting the primary number.

22. The method of claim 19, including the further step of:

activating the primary number to cause a dialing of the

primary number.

23. The method of claim 19, including the further step of:

selecting the secondary number; and

activaling the selected secondary number to cause a

dialing of the secondary number._

24. The method of claim 19, the second screen display
having a title region and a content region, the method
including the further step of:

displaying the selected name in the title region; and

displaying the primary number and the secondary number

in the content region.

25. An apparatus for displaying a directory, comprising:

(a) a display screen for displaying a first screen display

containing a plurality of names, each of the names
having associated with it a primary number; and

(b) a processing circuit, in response to a first selection

signal, for selecting one of the names from the first
screen display;

wherein the displaying screen displays a second screen

display containing a primary number associated with
the selected name and at least one secondary number;
and

wherein the processing circuit, in response to a second

selection signal, automatically selects the primary num-
ber from the second screen display.

26. The apparatus of claim 25, the first screen display
further containing:

a region for displaying a primary number icon for each of

the names.

27. The apparatus of claim 25, wherein the processing
circuit also highlights the primary number.

28. The apparatus of claim 25,

wherein the first and second screen displays are displayed

on a telephone, and

wherein the processing circuit, in response (o an activat-

ing signal activates the primary number fo cause a
dialing of the primary number.

29. The apparatus of claim 25,

wherein the first and second screen displays are displayed

on a telephone;
wherein the processing circuit, in response to a third
selection signal, sclects the secondary number; and

wherein the processing circuit, in respoase to an activat-
ing signal, activates the selected sccondary number to
cause a dialing of the secondary number.

30. The apparatus of claim 25,

wherein the second screen display has a title region and a

content region; and

wherein the processing circuit displays the selected name

in the title region, and displays the primary number and
the secondary number in the content region.

31. A method of operating a telephone that includes a
screen for displaying a first screen display screen and a
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second screen display, and a processing circuit, the method

comprising the steps of:

(a) invoking the first screen display that displays a plu-
rality of names, each of the names being associated
with a primary number;

(b) generating a first sclection signal to instruct the
processing circuit to sclect one of the names from the
first screen display;

(c) invoking the second screen display that displays a
primary number associated with the selected name and
at least one secondary number; and

(d) instructing the processing circuit to aulomatically
select the primary number from the second screen
display.

32. The method of claim 31, including the further step of:

displaying a primary number icon for each of the names.

33. The method of claim 31, including the further step of:

highlighting the primary number.

34. The method of claim 31, including the further step of:

generating an activating signal to instruct the processing
circuit to activale the primary number to cause a dialing
of the primary number.

35. The method of claim 31, including the further sieps of:

generating a third signal to instruct the processing circuit
to select the secondary number; and

generating an activating signal to instruct the processing
circuit to activate the selected secondary number to
cause a dialing of the secondary number.

36. The method of claim 31, including the further step of:

instructing the processing circuit to display the selected
name in the title region, and displaying the primary
number and the secondary number in the content
region.

37. A telephone comprising:

means for storing a plurality of names;

means for storing a pmary number and additional num-
bers for each of the names;

a display screen;

means for selecting and displaying a sub-set of the
plurality of names;

means for selecting one of the sub-set names;

means for displaying the primary number and additional
numbers; and

means for automatically selecting the primary number for
dialing of the primary number.
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38. The telephone of claim 37, further comprising:

means for displaying an icon with each of the primary
number and with each of the additional number.

39. The telephone of claim 37, further comprising:

means for highlighting the primary number when it is
automatically selected.

40. The telephone of claim 37, further comprising:

means for dialing the primary number when it is auto-
matically selected.

41. The telephone of claim 37, further comprising:

means for selecting one of the additional numbers instead
of the primary one.

42. The telephone of claim 37, further comprising:

means for dialing the additional number when it is
selected.

43. A telephone comprising:

a display screen;

a memory 1o allow a user 1o ¢nter names and associated
numbers into the memory, including a primary number
for each name;

a dial wheel 1o enable the user to display on the display
screen a limited number of names entered into the
memory; and

wherein the dial wheel is used to select a single name
among the displayed names, the primary and additional
numbers are displayed, and the primary number is
automatically selected for dialing.

44. The telephone of 43,wherein the dial wheel is also

used to select a number other than the primary one.

45. A telephone comprising:

a display screen;

a memory 1o allow a user to enter names and associated
numbers into the memory, including a primary number
for each name;

means to enable the user to display on the display screen
a limited pumber of names entered into the memory;

means to select a signal name among the displayed
names; and

means to display the primary and additional numbers and
for automatically selecting the primary number for
dialing.

46. The telephone of claim 45, further comprising:

means to select a number other than the primary one.

47. The telephone of claim 46, further comprising:

means to display an icon with each of the numbers.

* * * * *
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PORTABLE TELEPHONE

This application is a Continuation of U.S. application Ser.
No. 09/927,050, filed Aug. 9, 2001, now U.S. Pat. No. 7,405,
722, which claims priority to Japanese Patent Application No.
2000-24501, filed in Japan on Aug,. 11, 2000, which is hereby
incorporated by reference in its entirety.

CROSS REFERENCES TO RELATED
APPLICATIONS

The present document is based on Japanese Priority Docu-
ment JP 2000-245401, filed in the Japanese Patent Office on
Aug. 11, 2000, the entire contents of which being incorpo-
rated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a portable telephone.

2. Description of Related At

In recent years, not only a telephone call function but also
additional functions, such as an electronic mail fonction for
sending and receiving an electronic mail by using an Internet
protocol or another unique network protocol and an Internet
function so as to read even WEB have been added 10 a por-
table telephone. Also, the inclusion of a mermory card serving
as a small memory medium in a portable telephone can attain
a portable telephone in which an audio signal and a picture
signal can be recorded and reproduced as the additional func-
tions. In this way, not only the original telephone function but
also the various additional functions are added to the portable
telephone. It is tried to develop the portable telephone having
multiple functions.

A relatively large display is typically mounted in the por-
table telephone having the thus attained multiple functions.
Also, a direction key and a page scroll key are also mounted
for retrieving or selecting information displayed on this dis-
play.

By the way, even if it is tried 10 make the display larger,
there is also the limit of the size of the portable telephone
itself. For example, if an electronic mail is displayed, if WEB
is displayed, or if information stored on a memory card is
displayed, the display becomes relatively narrow with respect
to the information to be displayed.

In such a case, it is necessary to find out a target informa-
tion or select the information by operating a direction key for
shifting a focus position placed as an operation key of the
portable telephone in an upper, lower, leftward or rightward
direction, or apage scroll key for scrolling upwardly or down-
wardly displayed information correspondingly to one page.

However, only from the information displayed on the dis-
play, a user cannot find out whether or not the information is
located outside a display range or whetheror not the focus can
be shifted from a current position. Thus, as a first step, theuser
operates the direction key or operates the page scroll key, and
thereby checks the existence of the information existing out-
side the display range. However, such an operation is very
troublesome and difficult.

SUMMARY OF THE INVENTION

Accordingly, there has been a need to provide a portable
telephone in which the operational performances of the direc-
tion keys and the like and the convenience for the user are
improved.
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In order to solve the above-mentioned problems, a portable
telephone according to the present invention is characterized
in that it is provided with: a first operating portion that can be
operated in directions opposite to each other; a display for
displaying a block indicative of the first operating portion,
predetermined information and a pointer; and a controller for
controlling the display so as to shift the pointer to a desirable
position within the predetermined information on a screen of
the display in accordance with an operation of the operating
portion and also display a mark indicative of a direction to
which the pointer can be shifted and in which the predeter-
mined information exists, adjacently to the block along a shift
direction through the first operating portion.

A portable telephone according to the present invention
further comprises a second operating portion for shifting the
pointer in a direction vertical to a shift direction of the pointer
through the first operating portion, wherein the controller
controls the display so as to display a mark indicative of a
direction to which the pointer can be shifted by the second
operating portion and in which the predetermined informa-
tion exists, adjacently to the block along a shift direction
through the second operating portion.

The first operating portion is a rotatable dial, and the sec-
ond operating portion is two keys, which are arranged closely
to each other, on both sides of the rotatable dial.

_BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an appearance perspective view of a portable
telephone in an embodiment of the present invention;

FIG. 2 is a plan view of the portable telephone;

FIG. 3 is an enlarged view of a main portion of the portable
telephone;

FIG. 4 is an inner configuration view of the portable tele-
phone;

FIG. 5 is a view explaining an electric field strength dis-
play, an incoming mail indicating display and a soft key
function display to be displayed on a display of the portable
telephone;

FIG. 6 includes views explaining a procedure for display-
ing a title Jist of a song recorded on a memory card; in which
FIG. 6A is a view showing a state where reproduction of
audio data is suspended, FIG. 6B is a view showing a state
where an edit mode is selected, and FIG. 6C is a view showing
a title list display screen;

FIGS. 7A to 7E are views explaining a rearranging proce-
dure for songs recorded on a memory card;

FIG. 8 is a flowchart explaining the rearranging procedure;

FIGS. 9A to 9B arc views showing a character input mode
selection screen;

FIG. 10 is a view explaining a configuration of a direction
key guidance display;

FIGS. 11A 10 11D are views showing a jump menu screen;

FIGS. 12A 10 12C are views explaining a direction key
guidance display by indicating a mail input screen;

FIG. 13 is a view explaining a configuration of a page
feeding guidance display;

FIGS. 14A to 14B are views explaining a page feeding
guidance display by indicating a mail input screen;

FIGS. 15A and 15B are views showing a display screen
when there is an incoming call during music reproduction;

FIG. 16 is a flowchart showing a processing procedure
when there is an incoming call during music reproduction;

FIG. 17 is a flowchart showing a processing procedure
when a telephone number is inputted in a case of a setting at
an outgoing/incoming call off mode; ;
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FIG. 18 is a flowchart showing a processing procedure
when there is a recording request of an audio data;

FIG. 19 is a flowchart showing a processing procedure
when an electric field strength display is performed on a
remote controller;

FIG. 20 is a flowchart showing charge strength information
1o be displayed on a display of a remote controller;

FIG. 21 is a flowchart showing a processing procedure
when an incoming mail indicating display is performed on a
remote controller; and

FIG. 22 is a view showing incoming mail information to be
displayed on a display of a remote controller.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A portable telephone having a function of recording and
reproducing an audio data (hereafier, referred to as a portable
telephone) is described as an embodiment to which the
present invention is applied. The following portable tele-
phone has a function of an electronic mail and searching for
WEB through the Internet and a function of recording and
reproducing an audio data since a memory card is mounted, as
well as a normal telephone call function.

FIG. 1 shows an exterior perspective view of a portable
telephone 1 in the embodiment of the present invention. FIG.
2 shows a plan view of this portable telephone 1. And, FIG. 3
shows an enlarged view of the main portion of this portable
telephone 1.

The portable telephone 1 is provided with a main body 2
which is substantially rectangular parallelepiped having main
functions such as a telephone function and the like, and a
remote controller unit 3 that has a remote operation function
and an earphone microphone function of the main body 2 and
can be disposed in the main body 2.

At first, the main body 2 is described.

A voice output speaker 12 is mounted at one end in a
longitudinal direction on an operation surface 11 of the main
body 2, and a voice input microphone 13 is mounted at the
other end in the longitudinal direction. By the way, from the
viewpoint of the positional relation between the speaker 12
and the microphone 13, the direction in which the speaker 12
is mounted is referred to as an upper portion, and the direction
in which the microphone 13 is mounted is referred to as a
lower direction.

A rotation push switch 14 is mounted at a substantial center
in a short side direction of the operation surface 11, between
the speaker 12 and the microphone 13 on the operation sur-
face 11 of the main body 2. This rotation push switch 14 is the
switch that can be actuated by a rotating operation and also
actuated by a pushing operation. This rotation push switch 14
is designed such that its rotating operation direction is the
upper and lower directions of the operation surface 11 (X and
X' directions shown in FIG. 3) and its pushing direction is the
direction pushed vertically to the operation surface 11 (Y-di-
rection shown in FIG. 3).

A display 15 constituted by, for example, a liquid crystal
display panel is mounted between the main body 2 and the
rotation push switch 14 on the operation surface 11 of the
main body 2.

A left soft key 16 and a right soft key 17 are mounted
between the display 15 and the rotation push switch 14 on the
operation surface 11 of the main body 2. The lefi soft key 16
is mounted on a left side in a short side direction towards the
operation surface 11, and the right soft key 17 is mounted on
a right side in the short side direction towards the operation
surface 11. Also, on the operation surface 11 of the main body
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2, a leftward direction key 18 is mounted on a left adjacent
side of the rotation push switch 14, and a rightward direction
key 19 is mounted on a right adjacent side thereof,

A start key 21 to carry out a call start and the like, a clear
key 22, an end key 23 to carry out an end of a telephone
outgoing and the like and twelve dial keys (0to 9 and * and #)
24 are mounted between the rotation push switch 14 and the
microphone 13 on the operation surface 11 of the main body
2.

A manner key 25 to set a so-called manner mode for remov-
ing an incoming tone via a sound, and a memo key 26 1o be
used when a telephone number and the like are stored during
a call are mounted between the dial keys (0 to 9, and * and #)
24 and the microphone 13 on the operation surface 11 of the
main body 2.

Anantenna 31 for sending and receiving an electric wave to
and from a base station for the portable telephone is disposed
on a side plane of an upper end of the main body 2.

An insertion slot 32 into which a memory card 4 is inserted
is mounted on a side plane of a lower end of the main body 2.

A data input/output terminal 33 to send and receive data to
and from a computer and the like, a line input terminal 34 to
receive an audio data from an external audio apparatus, such
as MD, CD, DVD or the like, and a remote controller unit
terminal 35 to establish a connection to the remote controller
unit 3 are mounted on a side of a left side plane of the main
body 2.

The remote controller unit 3 will be described below.

The remote controller unit 3 is composed of an earphone
microphone 41, a remote controller 42 and a connection cable
43.

The earphone microphone 41 is the unit into which an
earphone and a microphone are integrated. The usage of this
earphone microphone 41 enables a call to be carried out, for
example, while the mainbody 2 is keptina bag. The earphone
microphone 41 is also used when audio data recorded on the
memory card 4 is heard. This earphone microphone 41 is
configured so as to be detachable from the remote controller
42.

A display unit 44 and an operation input unit 45 are
mounted in the remote controller 42. The remote controller 42
is intended to remotely operate the main body 2.

Such a remote controller unit 3 can be operated when the
remote controller 42 is connected through the connection
cable 43 to the main body 2. For example, the remote con-
troller unit 3 can carry out the remote operations such as an
incoming of a telephone, a reproduction, a stop and a fast
forward of an audio signal, and the like. By the way, the main
body 2 and the remote controller unit 3 may send and receive
a data through a wireless communication such as infrared
rays and the like without any connection via a cable.

The inner configuration of this portable telephone 1 will be
described below.

FIG. 4 is a functional block diagram of the portable tele-
phone 1.

The main body 2 of the portable telephone 1 is provided
with the speaker 12, the microphone 13, the rotation operation
switch 14, the display 15, the various operation keys 16 to 26,
the antenna 31, the insertion slot 32, the data input output
terminal 33, the line input terminal 34 and the remote con-
troller unit terminal 35. Moreover, this main body 2 is com-
posed of a transmission/reception unit 51, a voice codec 52,
an audio encoder/decoder 53, a memory card interface
(memory card I/F) 54, a digital data interface (digital I/F) 55,
a remote controller interface (remote controller /F) 56 and a
system controlling unit 57. LT

AR

R
[ EA

age 60 of 203 Page ID #:68

B




Case 2:10-cv-09967-CAS -

Document 1 Filed 12/28/10

US 7,580,006 B2

S

The remote controller unit 3 is composed of the earphone
microphone 41, the remote controller 42 and the connection
cable 43. The remote controller 42 of the remote controller
unit 3 has the display 44, the operation input unit 45 and a
remote controller controlling unit 46.

The transmission/reception unit 51 of the main body 2
carries out a process for transmitting an electric wave to the
base station, and a process for receiving an electric wave from
the base station. The transmission/reception unit 51 demodu-
lates the received electric wave through the antenna 31, and
sends the demodulated data to the voice codec 52. Also, the
transmission/reception unit 51 modulates the data sent from
the voice codec 52, and sends it through the antenna 31.

The voice codec 52 encodes and decodes the voice data.
The voice codec 52 performs a voice decoding process on the
demodulated data sent from the transmission/reception unit
51. The voice signal on which the voice decoding process is
performed is outputted from the speaker 12, or sent through
the remote controllér I/F 56 to the remote controlles unit 3 and
outputted from the earphone microphone 41. Also, the voice
codec 52 receives the voice signal from the microphone 13 or
the earphone microphone 41, and encodes this voice signal
and then sends to the transmission/reception unit 51.

The audio encoder/decoder 53 performs an audio encod-
ing/decoding process on audio data to be recorded on the
memory card 4. The audio data recorded on the memory card
4 inserted into the insertion slot 32 is sent through the memory
card I/F 54 to the audio encoder/decoder 53. The audio
encoder/decoder 53 performs the decoding process, such as
anencryption decoding process, a voice expanding process or
the like, on the audio data. The audio data on which the
decoding process is performed is sent through the remote
controller I/F 56 to the remote controller unit 3, and outputted
from the earphone microphone 41. Also, the audio data input-
ted from an external portion is inputted through the data input
output terminal 33 or the line input terminal 34 to the andio
encoder/decoder 53. The audio encoder/decoder 53 performs
the encoding process, such as a voice compressing process, an
encryption decoding process or the like, on the inputted audio
data. The audio data on which the encoding process is per-
formed is recorded through the memory card I/F 54 on the
memory card 4 inserted into the insertion slot 32.

The system controlling unit 57 carries out the controls of
each of the above-mentioned units.

On the other hand, the remote controller controlling unit 46
in the remote controller 42 of the remote controller unit 3
transmits and receives the data to and from the main body 2,
transmits and receives the signal to and from the earphone
microphone 41, controls the display on the display unit 44,
and controls the operational input from the operation input
unit 45.

The main configuration and the main operation of the por-
table telephone 1 having the above-mentioned configuration
will be described below.

This portable telephone 1 is the telephone of a wirelessly
communicating system, and it is carried by a user. When this
portable telephone 1 is located at a position at which the
electric wave transmitted from the base station can be
received, it becomes at a communicable state. At this com-
municable state, after any telephone number is pushed by
using the dial keys 24, the start key 21 is pushed to start a call
and then call out a partner. Also, at this time of the commu-
nicable state, an incoming call from the partner can be
received. If there is the incoming call from the partner, any
key is pushed to thereby start the call.

Here, in this portable telephone 1, in order to provide a
current state of a call quality to the user, as shown in FIG. 5,
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an electric field strength indication 61 indicative of a level of
an electric field strength of a received electric wave from the
base station is displayed at a predetermined position on a left
upper side of the display 15. The electric field strength is
detected by, for example, the transmission/reception unit S1.
The detected electric field strength information is periodi-
cally read by the system controlling unit 57. The system
controlling unit 57 carries out the display control of the dis-
play 15 on the basis of the read electric field strength infor-
mation, and provides the electric field strength information to
the user. In this embodiment, this electric field strength indi-
cation 61 is represented at approximately four stage levels,
such as an excellent level, a usual level, a bad level and an
incommunicable level, for example.

Also, this portable telephone 1 has an electronic mail func-
tion of communicating with the base station and sending and
receiving an electronic mail by using an Internet protocol.

For example, mail data is sent by displaying a predeter-
mined mail input screen, and entering a sentence to be trans-
mitted, and then selecting a mail transmission button when it
is at the communicable state. Actually, the system controlling
unit 57 encodes the inputted electronic mail, and the trans-
mission/reception unit 51 once sends the encoded mail data to
the base station, and the mail data is transfcrred from the base
station 1o a mail server of a partner. Also, when an electronic
mail is transferred from the partner to an address of the user,
the base station sends the mail data to the portable telephone
1. The portable telephone 1, when recciving the mail data at
the time of the communicable state, automatically carries out
an incoming mail process, and stores the mail data in an inner
memory. Then, the system controlling unit 57 of the portable
telephone 1, when obtaining the mail data from the base
station, displays a mail incoming indication 62 at a predeter-
mined position on the display 15, as shown in FIG. 5.

Also, this portable telephone 1 has an Internet browsing
function of communicating with the base station and viewing
or a WEB site on the Internet.

For example, by displaying a browser screen of the Internet
and then entering URL (Uniform Resource Locator) on this
screen, communication with the base station is carried out,
and a data provided through a predetermined URL is down-
loaded. When an input operation or a selection operation is
carried out on the basis of the downloaded data, a predeter-
mined data is further downloaded on the basis of the infor-
mation.

In this portable telephone 1, the memory card 4 on which
audio data is recorded can be attached and detached as nec-
essary. It has a function of recording and reproducing the
audio data, such as an operation for reproducing the audio
data recorded on the memory card 4 and an operation for
recording the audio data on this memory card 4.

When the audio data is reproduced, the memory card 4 is
inserted into the insertion slot 32, and a reproduction button is
selected. When the reproduction button is selected, the audio
data recorded on the memory card 4 in the insertion slot 32 is
decoded by the audio encoder/decoder 53, and outputted
through the rcmote controller I/F 56 from the carphone
microphone 41.

Also, this portable telephone 1 can record audio data
received from an external computer or an external audio
reproduction apparatus.

When audio data is recorded through the external com-
puter, the data input output terminal 33 and the extemal
computer are connected to each other by using, for example,
an IEEE 1394 interface and the like. Then, an application
software on the external computer is used to carry out an
operation for transferring desirable audio data to the memory
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card 4 (a so-called check-in operation). Accordingly, new
audio data can be written on the memory card 4. By the way,
even an operation for editing the audio data recorded on the
memory card 4 (for example, a deletion of data, a rearrange-
ment of a reproducing order or the like) can be carried out by
the external computer.

Also, when audio data is recorded through the external
audio reproduction apparatus, the line input terminal 34 and
the external audio reproduction apparatus are connected
through a cable to each other. Desirable audio data is repro-
duced by the audio reproduction apparatus, and a recording
start command is given to the portable telephone 1. Thus, a
so-called dubbing is started. Then, new audio data can be
written on the memory card 4. The transfer of the signal to the
line input terminal 34 may be performed in a form of an
analog signal or digital data. In a case of the analog signal
being inputted, the audio encoder/decoder 53 carries out an
A/D conversion, and converts the audio signal into the digital
data. Then, the execution of the voice encoding process
enables the audio data to be written on the memory card 4.

As mentioned above, this portable telephone 1 has the
electronic mail function, the Internet browsing function and
the function of recording and reproducing the audio data by
using the memory card 4, in addition to the usual telephone
call function. In this way, there is provided the portable tele-
phone intended to have multiple function.

The respective operation keys and switches will be
described below.

When a user operates each of the respective operation keys
described below, its control command is sent to the system
controlling unit 57. Then, the system controlling unit 57
carries out a control corresponding to a function of each key,
as described below.

The rotation push switch 14 is the switch that can be oper-
ated by a rotating operation and can be operated by a pushing
operation.

The rotating operation of the rotation push switch 14 func-
tions as, for example, the direction key for shifting upwardly
and downwardly the pointer, such as the focus, the cursor or
the like, which is displayed on the display 15. The focus s, for
example, the display to specify one piece of information (one
icon, one menu title, one song title or the like) from informa-
tion groups (for example, a plurality of icons, menu displays,
list displays or the like) displayed on the display 15. Usually,
the display of the specified information is highlighted or
reversing displayed. This rotation push switch 14 is mounted
at the center in the short side direction on the operation
surface 11. Moreover, the direction of the rotating operation is
the upper and lower directions (the longitudinal direction) of
the operation surface 11. Thus, when the focus is shifted
upwardly or downwardly, the shift of the focus on the display
screen is parallel to the operation of an operating finger. Also,
the operating finger is located oppositely to the display
screen. Hence, the coincident feeling between the operational
feeling and the screen operation is given to the user. More-
over, the buttons such as the upper and lower keys and the like
make the operation easy.

The pushing operation of the rotation push switch 14 has
the function as the so-called soft key. The soft key is akey in
which an action when the button is pushed is changed in a
programmable manner on the basis of the menu content and
the information displayed on the display 15. This soft key is
designed such that a content of a function selected when the
button is pushed is displayed on the display 15 and the user
can recognize the actual content of the action when this button
is currently pushed. Concretely, the function selected when
this rotation push switch 14 is pushed is displayed as a central
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soft key function indication 63, at a center on a lower side of
the display screen of the display 15, as shown in FIG. 5.

The left soft key 16 functions as the ahove-mentioned soft
key. A function selected when this left soft key 16 is pushed is
displayed as a left soft key function indication 64, at a left
hand position on a lower side of the display screen of the
display 15, as shown in FIG. 5.

The right soft key 17 also functions as the above-men-
tioned soft key. A function selected when this right soft key 17
is pushed is displayed as a rigint soft key function indication
65, at a right hand position on a lower side of the display
screen of the display 15, as shown in FIG. 5.

The leftward direction key 18 functions as a shift key to
shift the focus and the cursor displayed on the display 15 to a
leftward direction.

The rightward direction key 19 functions as a shift key to

“shift the focus and the cursor displayed on the display 150 a

rightward direction.

The start key 21 functions as a key to start a telephone call.

The clear key 22 functions as akey to switch a display state
of the display screen to an initial display menu screen, or to
clear input information.

The end key 23 functions as a key for terminating a call or
a power supply unit key to carry out an end function of a
telephone outgoing and turn on and off a power supply of the
portable telephone 1.

The dial keys (0 to 9, and * and #) 24 function as the input
keys for numerals 0 to 9 and symbols * and #. In addition,
various characters are allocated thereto. Each of them func-
tions as a character input key at a time of a character input of
an electronic mail or the like. The kind of the allocated char-
acter is switched depending on a later-described character
input mode setting screen. The kinds of the allocated charac-
ters inciude, for example, a kanji (Chinese character), a
double-byte (full size) kana (Japanese character), a double-
byte (full size) alphabet, a double-byte (full size) numeral, a
double-byte (full size) symbol (character letter or pictorial
letter), a standard sentence format, a single-byte (half size)
kana, a single-byte (half size) alphabet, a single-byte (half
size) numeral, a single-byte (half size) of symbol (character
letter or pictorial letter) and the like.

The manner key 25 functions as a key to set the manner
mode of removing an incoming tone via a voice or sound.

The memo key 26 functions as a key to store a telephone
number and the like during a call service.

By the way, the manner key 25 and the memo key 26 also
have a page feed function of scrolling information displayed
on the display 15, correspondingly to one page. In a case of
other than making a call, for example, writing an electronic
mail or browsing a WEB, the manner key 25 functions as an
upward page feed key, and the memo key 26 functions as a
downward page feed key. Hereafter, the manner key 25 is
referred to as an upward page feed key 25, and the memo key
26 is referred to as a downward page feed key 26.

{(Rearrangement of Song Order)

An operation for rearranging an order of songs (music
pieces) of audio data recorded on the memory card 4 will be
described below.

In this portable telephone 1, it is possible to rearrange and
edit the order of songs (music pieces) of the audio data
recorded on the memory card 4. By the way, the music order
described here implies the number order of the numbers given
to respective information units, for example, such as the num-
bers of tracks or the numbers of files recorded in a manage-
ment information of a record medium. Typically, it corre-
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reproduction. Thus, even if the song order is rearranged, the
actua] conient (audio data) recorded on the memory card 4 is
not rewritten. The file number and the track number managed
as the management information, or a link relation between
songs (music pieces) or the like are rewritten.

At first, in the portable telephone 1, the audio data is repro-
duced. Once it is interrupted, a display screen is displayed as
shown in FIG. 6A. If the left soft key 16 is pushed while this
screen is displayed and “Function” is selected, an edition
mode selection screen is displayed as shown in FIG. 6B.

On this edition mode selection screen, the rotation push
switch 14 is rotationally operated to shift a focus F upwardly
and downwardly so that the focus F is located at a position of
“Song Rearrangement”. In succession, when the rotation

10

(Step S11). In succession, by operating the rotation push
switch 14 in the rotating direction, the focus is shifted to a title
position of a song desired to be shifted. At the title position,
the rotation push switch 14 is operated in the pushing direc-
tion, and its title is selected (Step S12). Next, the title selected
by operating the rotation push switch 14 in the rotating direc-
tion is shifted to any position on the list (Step S13). Then, at
the title position, the rotation push switch 14 is operated in the
pushing direction to thereby determine the shift destination of
the title (Step S14). After the determination of the shift des-
tination of the title, it is possible to operate the rotation push
switch 14 in the rotating direction to thereby select a title of a
next song or music piece desired to be shifted. Whenthe shifts
of the titles are all completed, the display of the title list is

push switch 14 is pushed and operated to select “Selection”, 15 ended, and the order of recording the songs recorded on the
a title list display screen is displayed as shown in FIG. 6C. memory card 4 is rewritten in accordance with the title list
On this title list display screen, the titles and the title order (Step S15).
numbers to specify the songs (pieces of music) recorded on As mentioned above, in the portable telephone 1, the edit-
the memory card 4 are arranged in the upward and downward ing work can be very easily carried out by rearranging the
directions based on a song order currently being registered, 20 recording order of the audio data recorded on the memory
and displayed in a form of list. card 4 in accordance with such an operational procedure.
The focus F is firstly shified from this state of the title list By the way, the example of rearranging the audio data
display screen to a position of a title of a song (music piece) recorded on the memory card 4 has been described as men-
desired to be shified. At this time, the focus F is shifted by tioned above. However, in this procedure, the target for the
rotationally operating the rotation push switch 14 since the 25 rearrangement is not limited to the audio data. It may be
title list is arranged in the upward and downward directions.  applied to any information, if it is the information to define a
Here, as shown in FIG. 7A, it is assumed that the focus F is recording order, for example, such as a picture data, a com-
shifted to a position of “Title A”. In succession, if the rotation puter data, a telephone number list, an address list and the
push switch 14 is pushed and operated to select “Selection”, like. Also, the memory card 4 is exemplified as a recording
“Title A” is selected as shown in FIG. 7B. 30 medium. However, it may be any medium if it is a rewritable
Here, in a case where the left soft key 16 is pushed when the recording medium, such as the inner memory of the portable
screen shows the state at which this “Title A” is selected, and telephone 1, MD, and DVD-RAM.
“Return” is selected, the operational flow returns back to a L
display screen in which the reproduction of the audio datais ~ (SWitching of Character Input Mode) )
once stopped, as shown in FIG. 7E. 35 Anoperation for switching a character input mode will be
Onthe other hand, in a case where the rotation push switch  described below. i )
14 is rotationally operated when the screen shows the state at In the portable telephone 1, a plurality of character kinds
which this “Title A” is selected, the title character letters of ~ are assigned (o the dial keys 24. Any character kind of a
“Title A" together with the focus F are shifted upwardly and character can be entered by switching the character input
downwardly on the title list. Then, the focus F and the title 40 mode. )
character letters of “Title A” are shifted to a position at which In the portable telephone 1, when the right soft key 17 is
the rearrangement on the title list is desired. Here,asshownin ~ pushed to select “Mode™ when a character input screen is
FIG. 7C, it is assumed that they are shifted to a position displayed at the time of writing an electronic mail or the like,
between “Title D" and “Title E”. In succession, the rotation a character input mode selection screen is displayed as shown
push switch 14 is pushed and operated to select “Determina- 4s in FIG. 9A.
tion”. Then, as shown in FIG. 7D, this leads to the state that On this character input mode selection screen, all the char-
the selected title is shifted to the desired position, which acter kinds assigned to the dial keys 24 are displayed ona list
results in the completion of the rearrangement of the title list. of two columns. The character kinds assigned to the dial keys
Moreover, if another title is further desired to be shifted, the 24 include, for example, a kanji (Chinese character), a
focus F is shified from this screen to a position of a title of a 50 double-byte (full size) kana, a double-byte (full size) alpha-
song (music piece) desired to be shifted. At that position, the bet, a double-byte (full size) numeral, a double-byte (full
rotation push switch 14 is pushed and operated to select size) symbol (character letter or pictorial letter), a standard
“Selection”. Such operations enable the plurality of titles to sentence format, a single-byte (half size) kana, a single-byte
be continnously shifted. (half size) alphabet, a single-byte (half size) numeral, and a
When the shifts of the titles are all completed, “Comple- 55 single-byte (half siz¢) symbol (character letter of pictorial

tion” is selected by pushing the right soft key 17 from a state
of FIG. 7D. When this “Completion™ is selected, the system
controlling unit 57 rewrites the management information of
the memory card 4 in accordance with the order of the title list

letter). On this character input selection screen as shown in
FIG. 9A and FIG. 9B, a kanji (Chincse character) (top col-
umn), a double-byte kana (second upper column), a double-
byte alphabet (third upper column), a double-bytc numeral

currently being displayed, and also retumns the display screen 60 (third lower column), a double-byte symbol (character letter
back to the screen in which the reproduction of the audio data or pictorial letter) (second lower column), a standard sentence
is once stopped, as shown in FIG. 7E. format (bottom column) are displayed in the left column of
The above-mentioned processing procedure will be the list, and a single-byte kana (second upper column), a
described below with reference to a flowchart in FIG. 8. single-byte alphabet (third upper column), a single-byte
The title list in which the plurality of titles to specify the 65 numeral (third lower column), and a single-byte symbol

songs or music pieces recorded on the memory card 4 are
arranged in accordance with the recording order is displayed

(character letter of pictorial letter) (second lower column) ar
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On this character input mode selection screen, the rotating
operation of the rotation push switch 14 enables the focus F to
be cyclically shifted in an order of a kanji—a double-byte
kana—a double-byte alphabet—a double-byte numeral—a
double-byte symbol (character)-»a standard sentence
format—a single-byte kana—a single-byte alphabet—a
single-byte numeral—a single-byte symbol (character)—a
kanji—a double-byte kana and so on, as shown in FIG. 9B.
Also, pushing the leftward direction key 18 or the rightward
direction key 19 causes the focus F to be shified between the
left and right columns.

When this character input mode selection screen is dis-
played, the rotation push switch 14 and the direction keys 18,
19 that are operated as mentioned above are used to shift the
focus to the character kind desired to be used. Then, when the
rotation push switch 14 is pushed and operated to select
“Selection”, the operational flow retumns back to the screento
write the electronic mail or the like. Thus, it is possible to
enter the character set of the selected character kind.

As mentioned above, in the portable telephone 1, when the
character input mode is operationally set on a character write
screen, the character input mode selection screen in which all
the character kinds are displayed is displayed. The selection
of a character kind based on this character input mode selec-
tion screen enables the character of any character kind
assigned to the dial keys 24 to be entered.

For this reason, in the portable telephone 1, the character
input mode can be easily selected without any troublesome
work such as an operation for pushing the mode set buttons,
one by one, and then switching the character input mode.

By the way, on the character input mode selection screen, it
may be designed to display only the character kind that can be
entered at that time or select only the character kind that can
be entered at that time. For example, when an electronic mail
address or URL is entered, it is possible to design the char-
acter input mode selection screen so that only a half size of
alphabet and a half size of numeral can be selected.

(Guidance Display)

A guidance display of a shiftable direction of a focus or the
like and a guidance display of a page feed key will be
described below.

In this portable telephone 1, a direction key guidance dis-
play is carried out for indicating whether or not the rotation
push switch 14 can be rotationally operated and whether or
not the leftward direction key 18 and the rightward direction
key 19 can be operated. That is, the direction key guidance
display indicates whether or not the pointer such as the focus,
the cursor and the like can be effectively shifted upwardly and
downwardly by rotationally operating the rotation push
switch 14 and whether or not the pointer such as the focus, the
cursor and the like can be effectively shifted in the leftward
and rightward directions by operating the leftward direction
key 18 and the rightward direction key 19.

This direction key guidance display is constituted by an
upwardly shiftable mark 71, a downwardly shiftable mark 72,
a leftwardly shiftable mark 73 and a rightwardly shiftable
mark 74, as shown in FIG. 10. Those direction key guidance
displays are displayed as respective arrow marks around a
central soft key function indication 63. That is, the upwardly
shiftable mark 71 is displayed as an upward arrow mark at an
upper position of the central soft key function indication 63.
The downwardly shiftable mark 72 is displayed as a down-
ward arrow mark at a lower position of the central soft key
function indication 63. The leftwardly shiftable mark 73 is
displayed as a left arrow mark at a left position of the central
softkey function indication 63. And, the rightwardly shiftable
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mark 74 is displayed as a rightward arrow mark at a right
position of the central soft key function indication 63.

The upwardly shiftable mark 71 is displayed if the rotation
push switch 14 can be upwardly operated, and it is not dis-
played if the rotation push switch 14 cannot be upwardly
operated. In other words, the upwardly shiftable mark 71 is
displayed, for example, if the focus F can be shifted in a
direction of an arrow man in FIG. 10 (i.e., for example, if a
selectable information exists at a further upper position of the
focused information), and it is not displayed if the focus F can
not be shifted in the direction of the arrow “a” in FIG. 10 (i.e.,
for example, if the selectable information does not exist at the
further upper position of the focused information.

The downwardly shiftable mark 72 is displayed if the rota-

" tion push switch 14 can be downwardly operated, and it is not

displayed if the rotation push switch 14 cannot be down-
wardly operated. In other words, the downwardly shiftable
mark 72 isdisplayed, for example, if the focus F can be shifted
in a direction of an arrow “b” in FIG. 10 (i.e., for example, if
a selectable information exists at a further lower position of
the focused information), and it is not displayed if the focus F
cannot be shifted in the direction of the arrow “b” in FIG. 10
(i.e., for example, if the selectable information does not exist
at the further lower position of the focused information).

The leftwardly shiftable mark 73 is displayed if the left-
ward direction key 18 can be operated in the lefiward direc-
tion, and it is not displayed if the leftward direction key 18
cannot be operated in the leftiward direction. The leftwardly
shiftable mark 73 is displayed, for example, if the focus F can
be shifted in a direction of an arrow “¢” in FIG. 10 (i.e., for
example, if a selectable information exists at a further left-
ward position of the focused information or if there is a screen
ofan upper hierarchy of the selected information), and it is not
displayed if the focus F can not be shifted in the direction of
the arrow “c” in FIG. 10 (i.e., for example, if the selectable
information does not exist at the further leftward position of
the focused information or if there is not the screen of the
upper hierarchy of the selected information).

The rightwardly shifiable mark 74 is displayed if the right-
ward direction key 19 can be operated in the rightward direc-
tion, and it is not displayed if the rightward direction key 19
cannot be operated in the rightward direction. That is, the
rightwardly shiftable mark 74 is displayed, for example, if the
focus F can be shifted in a direction of an arrow “d” in FIG. 10
(i.e., for example, if a selectable information exists at a further
rightward position of the focused information or if there is a
screen of a Jower hierarchy of the selected information), and
it is not displayed if the focus F can not be shifted in the
direction of the arrow “d” in FIG. 10 (i.e., for example, if the
selectable information does not exist at the further rightward
position of the focused information or if there is not the screen
of the lower hierarchy of the selected information).

An actual display example of the direction key guidance
display will be described below with reference to the display
screen of the portable telephone 1.

FIGS. 11A to 11D are views showing a jump menu that is
a'short cut screcn to cach display menu.

FIG. 11A is a display screen of a state at which when a
jump menu screcn is displayed, the focus F points out a
character string of “Jump” of its menu title. The upwardly
shiftable mark 71, the downwardly shiftablc mark 72 and the
leftwardly shiftable mark 73 are displayed at the state of this
display screen. At this time, it is possible to shift the focus F
upwardly and downwardly using the rotation push switch 14.
Moreover, at this time, it is also possible to display the lower
hierarchy on the screen by pushing the rightward direction
key 19. ;
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Pushing the rightward direction key 19 on the display
screen of FIG. 11A results in a display screen of FIG. 11B.
This display screen of FIG. 11B is a selection screen showing
an individual menu within the jump menu, and it is a screen of
a state at which the focus F points out a selection position of 5
“Internet”. The upwardly shiftable mark 71, the downwardly
shiftable mark 72, the leftwardly shiftable mark 73 and the
rightwardly shiftable mark 74 are displayed on this display
screen. At this time, it is possible to shift the focus F upwardly
and downwardly by rotating the rotation push switch 14.
Moreover, at this time, it is also possible to display the upper
hierarchy (the screen of FIG. 11A) on the screen by pushing
the leftward direction key 18, and to display the lower hier-
archy on the screen by pushing the rightward direction key 19.

Pushing the left soft key 16 on the display screen of FIG.
11B results in a display screen of FIG. 11C. This display
screen of FIG. 11C is an edition screen showing an individual
menu within the jump menu. The upwardly shiftable mark 71
and the downwardly shiftable mark 72 are displayed on this
display screen. At this time, it is possible to shift the focus F
upwardly and downwardly by rotating the rotation push
switch 14.

Pushing the right soft key 17 on the display screen of FIG.
11B results in a display screen of FIG. 11D. This display
screen of FIG. 11D is an addition screen of an individual
menu display within the jump menu. The upwardly shiftable
mark 71, the downwardly shiftable mark 72 and the lefi-
wardly shiftable mark 73 are displayed on this display screen.
At this time, it is possible to shift the focus F upwardly and
downwardly by rotating the rotation push switch 14, More-
over, at this time, it is also possible to display the lower
hierarchy on the screen by pushing the rightward direction
key 19.

Here, a division line 75 indicative of a head of a list is
displayed on this display screen of FIG. 11D. The division
line 75 indicative of the head of this list is used in the follow-
ing manner, for example. That is, there is a case that although
the number of displayed lists is definite, the focus is desired to
be cyclically shifted by the rotating operation of the rotation
push switch 14, namely, there is a case that the focus is desired
to be shifted in order to make the focus coincide with the
lowest portion of the list by instructing the further upward
direction even if the focus coincides with the uppermost por-
tion of the list. If the cyclic focus shift is carried out as
mentioned above, a portion at which the head of the list is
located cannot be evidently provided to the user. Accordingly,
this portable telephone 1 is designed such that the division
line 75 is displayed at the uppermost division position of the
list.

FIGS. 12A to 12C are views showing an input screen of an
electronic mail.

FIG. 12A is adisplay screen when even one character is not
still written to a main body of a mail, and a cursor C is located
on a left upper portion. The downwardly shiftable mark 72
and the rightwardly shiftable mark 74 are displayed on this
display screen. At this time, it is possible to shift the cursor C
downwardly by rotating the rotation push switch 14 down-
wardly. Moreover, at this time, it is also possible to shift the
cursor C in the rightward direction by pushing the rightward
direction key 19.

FIG. 12B is adisplay screen under a condition that the main
body of the mail is written to a certain degree. The characters
on the display shown in FIG. 12B and FIG. 12C are in Japa-
nese in order to explain the character conversion function of
the portable telephone of the present embodiment. The sen-
tences shown in these figures means “OO won 16-the game
between OO and [J0J in AA dome with score of 5-2. Win-
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ning pitcher was XX (not shown) who has won five games and
lost three games in this season.” The last word in the fifth row,
which is shown with an underline, has just been currently
inputted to be converted into a word with kanji. The upwardly
shiftable mark 71, downwardly shiftable mark 72, the lefi-
wardly shifiable mark 73 and the rightwardly shiftable mark
74 are displayed on this display screen. After the conversion,
the cursor C will appear after the converted word. At this time,
it is possible to shift the cursor C upwardly and downwardly
by rotating the rotation push switch. Moreover, at this time, it
is also possible to shift the cursor C in the leftward direction
by pushing the leftward direction key 18, and to shift the
cursor C in the rightward direction by pushing the rightward
direction key 19.

FIG. 12C is a display screen when the word underlined in
FIG. 12B has been converted into one of word with kanji
(Chinese character). On this display screen, a conversion
candidate display 76 is displayed for indicating that a conver-
sion candidate is outputted by rotationally operating the rota-
tion push switch 14.

Inthis portable telephone 1, a page feed guidance display is
also carried out for indicating whether or not a previous page
feed can be done by using the upward page feed key 25 or
whether or not a next page feed can be done by using the
downward page feed key 26.

That s, the page feed guidance display is the information to
indicate whether or not the operation of the upward page feed
key 25 or the downward page feed key 26 enables a page to be
fed, namely, whether or not there is further information, cur-
rently invisible, beyond the display screen.

This page feed guidance display is constituted by an
upwardly feedable page mark 77 and a downwardly feedable
page mark 78, as shown in FIG. 13. Those page feed guidance
displays are displayed atupper and lower positions on the left
side of the display screen, respectively.

The upwardly feedable page mark 77 is displayed if the
page feed can be upwardly done by using the upward page
feed key 25, and it is not displayed if the operation is impos-
sible.

The downwardly fcedable page mark 78 is displayed if the
page feed can be downwardly done by using the downward
page feed key 26, and it is not displayed if the operation is
impossible.

An actual display example of the page feed guidance dis-
play will be described below with reference to the display
screen of the portable telephone 1.

FIGS. 14A to 14B are views showing an input screen of an -
electronic mail.

FIG. 14A is a display screen when the cursor is located at
the position of the second character on the first row, under a
condition that the main body of the mail is written 1o a certain
degree. The downwardly feedable page mark 78 is displayed
on this display screen. At this time, it is possible to scroll the
page downwardly by pushing the downward page feed key
26.

FIG. 14B is a display screen when the page is downwardly
scrolled correspondingly to one page from the state of FIG.
14A. The upwardly feedable page mark 77 and the down-
wardly feedable page mark 78 are displayed on this display
screen. At this time, it is possible to scroll the page upwardly
by pushing the upward page feed key 25. Also, it is possible to
scroll the page downwardly by pushing the downward page
feed key 26.

In the portable telephone 1, such executions of the direc-
tion key guidance display and the page feed key guidance
display can improve the operational performances of the
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direction keys and the page feed keys and accordingly
improve the convenience of the user.

(Answer Rejection During Music Reproduction)

The process of the portable telephone 1 when there is an
incoming call from a partner during an audio reproduction
will be described below with reference to display screens of
FIGS. 15A, 15B and a flowchart of FIG. 16.

When the portable telephone 1 receives an incoming call
from a partner during an audio reproduction (Step S21), a
display screen is displayed as shown in FIG. 15A. At this
time, if any key except the left soft key 16 is pushed (Step
$22), the incoming call is received to start a call. Here, if the
call is started, the audio reproduction is transiently suspended
(Step S23). Also, when there is the incoming call, and the left
soft key 16 is pushed (Step S22), a menu is displayed as
shown in FIG. 15B (Step S24).

Atthis step S24, a menu display is carried out for indicating
“Forward to Answer Service”, “Incoming Call Forwarding”,
“Answer Holding” and “Answer Rejection”.

In succession, in accordance with this menu display, the
rotation push switch 14 is rotationally operated to then select
any one of the menus (Steps S25, S26).

Here, if “Forward to Answer Service” is selected, a process
is carried out for forwarding the telephone call from the
partner to a telephone answer scrvice station installed in the
base station. If “Incoming Call Forwarding” is selected, a
process is carried out for forwarding the telephone call from
the partner to another telephone number. Also, if “Answer
Holding” is selected, a state at which the incoming call from
the partner is held is maintained (namely, the calling state is
held). And, if “Answer Rejection” is selected, a process is
carried out for disconnecting the telephone call from the
partner.

In the portable telephone 1, if such a menu selection is
done, an operation for rejecting a call is carried out corre-
spondingly to the selection. At this time, the audio reproduc-
tion is continued (Step S27).

As mentioned above, in the portable telephone 1, if there is
the incoming call during the audio reproduction, the rejection
of the call is done depending on the operational input. Due to
this mechanism, in the portabie telephone 1, the simple opera-
tion enables the reproduction to be continued if there is the
incoming call during the audio reproduction.

(Emergent Telephone Call in Case of Outgoing/Incoming
Call Off Mode)

In this portable telephone 1, an outgoing/incoming call off
mode can be set so as not to transmit and receive an electric
wave by stopping the operation of the transmission/reception
unit 51. When this outgoing/incoming call off mode is
selected, for example, on the menu screen, the system con-
trolling unit 57 stops a protocol operation of the transmission/
reception unit 51, and perfectly stops transmitting and receiv-
ing the electric wave to and from the base station. Such setting
of the outgoing/incoming call off mode can stop only the
transmission and reception of the electric wave without turn-
ing off the power supply of the main body. Thus, it can be set
at the state that the functions except the telephone function
can be used. Hence, for example, although the telephone
function cannot be used at this outgoing/incoming call off
mode, it is possible to carry out the input operation of the
character of the electronic mail, the recording and the repro-
duction of the music, and the like other operations.

Here, a process when a telephone number input is carried
out in a case of this outgoing/incoming call off mode is set
being described with reference to FIG. 17.
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If the outgoing/incoming call off mode is set, when the dial
key 24 is pushed and a telephone number is inputted (Step
$31), the system controlling unit §7 displays the pushed
telephone number on the display 15 (Step S32).

In succession, when the start key 33 is pushed (Step S33),
the system controlling unit 57 judges whether or not its tele-
phone number inputted is one of emergency phone call num-
bers (for example, in a case of Japan, 110 for police, 118 for
coast guard and 119 for fire station and/or ambulance) or a
pre-registered predetermined telephone number (Step S34).
By the way, the registered telephone number is desired to be
different from a usual address registration, and it is desired to
be a telephone number specially registered for an emergency.

If the telephone number inputted is not one of the emer-
gency phone call numbers or the pre-registered telephone
number, the outgoing call is stopped, and the outgoing/in-
coming, call off mode is maintained in its original state (Step
$35). That is, a phone call cannot be made.

On the other hand, if it is one of the emergency phone call
numbers or the pre-registered telephone number, the system
controlling unit 57 cancels the outgoing/incoming call off
mode, and then actuates the protocol process of the operation
of the transmission reception unit 51 (Step S36).

In succession, when the protocol process of the operation
of the transmission/reception unit 51 is started, the transmis-
sion/reception unit 51 starts an operation for capturing a base
station.

When the transmission/reception unit 51 captures the base
station, the transmission/reception unit 51 starts a process for
transmitting an input telephone number (Step S38).

As mentioned above, in this portable telephone 1, even if it
is set at the outgoing/incoming call off mode at which the
transmission/reception of the electric wave is stopped and the
outgoing/incoming of a call is not done, if a phone call of
emergency or a preliminarily registered phone call is made, a
call can be started without canceling operation of the outgo-
ing/incoming call off mode by the user. Thus, it is possible to
immediately make a report or make a call.

(Automatic Outgoing/Incoming Call Off During Recording
Audio Data)

As mentioned above, in the portable telephone 1, the audio
data inputted from the line input terminal 34 or the data
input/output terminal 33 can be recorded on the memory card
4. A process when there is a request for recording audio data
in the portable telephone 1 is described with reference to FIG.
18.

At first, when the power supply of the portable telephone 1
is turned on and there is the request for recording the audio
data (Step S41), the system controlling unit 57 obtains infor-
mation of a protocol operation state of the transmission/re-
ception unit 51, and stores it in a memory (Step S42).

The system controlling unit 57 judges whether or not the
protocol for the transmission/reception of the transmission/
reception circuit 51 is currently operated (Step S43). If the
protocol is operated, the operational flow proceeds to step
S44. If it is not operated, the operational flow proceeds to step
545.

The system controlling unit 57, if the protocol of the trans-
mission/reception circuit 51 is operated, stops the operation
of the protocol of this transmission reception circuit 51, and
sets at the portable phone 1 at the outgoing/incoming call off
mode in which the outgoing/incoming of the telephone call is
not carried out.

The system controlling unit 57 starts the operation for
recording the audio data (Step S45). Thus, the operation for
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recording the audio data at this step S45 is always carried out
at the state at which it is set at the outgoing/incoming call off
mode.

The system controlling unit 57, if there is a record stop
request (Step S46), obtains a protocol operation state of the
transmission/reception circuit 51 prior to the actuation of the
recording operation stored in the memory at the previous step
S42 (Step S47).

It judges whether or not the protocol is under operation,
from the information read out at the step S47 (Step S48). If the
protocol is under operation, the operational flow proceeds to
step S49. If it is not under operation, the process, is ended.

Next, the system controlling unit 57, if the protocol of the
transmission/reception circuit 51 is under operation, starts the
operation of the protocol of the transmission/reception circuit
51 (Step S49). Then, the series of audio recording processes is
ended.

As mentioned above, in the portable telephone 1, the inter-
ference in the recording operation caused by the incoming
call can be avoided by automatically setting it at the outgoing/
incoming call off mode, if there is the recording operation
request.

(Display of Electric Field Strength in Remote Controller)

In the portable telephone 1, the remote controlier unit 3 is
mounted as mentioned above. The remote controller 42 in this
remote controller unit 3 carries out a remote control for repro-
ducing the audio data recorded on the memory card 4 and a
remote control for the function of the main body of the por-
table telephone.

Such process for displaying electric field strength through
the remote controller 42 will be described below with refer-
ence to a flowchart shown in FIG. 19.

If the user requests a display of electric field strength (Step
S61), the remote controller controlling unit 46 of the remote
controller 42 sends a report request of the electric field
strength to the system controlling unit 57 (Step S62).

The system controlling unit 57 of the main body 2 sends
electric field strength information currently being held (the
information for displaying the electric field strength indica-
tion 61) and a timeout timer value to the remote controller 42
(Step S63).

When receiving the report from the system controller 57,
the remote controller controlling unit 46 of the remote con-
troller 42 judges whether or not any indication is currently
displayed on the display unit 44 of the remote controller 42
(Step S64). If any indication is displayed on the display unit
44, the operational flow proceeds to step S65. If it is not
displayed, the operational flow proceeds to step S66.

The remote controller controlling unit 46 of the remote
controller 42 transiently saves the information currently
being displayed on the display unit 44 (Step S65).

The remote controller controlling unit 46 of the remote
controller 42 displays the electric field strength on the display
unit 44, based on the electric field strength information sent
out from the system controlling unit 87 of the main body 2
(Step S66). In the embodiment, the electric field strength
information is displayed on the display unit 44 at approxi-
mately four stage levels, for example, such as an excellent
level, a usual level, a bad level and an impossible communi-
cation. However, the indication is not limited to such four-
stage-level display, and any other way for indicating the elec-
tric field strength may be employed.

The remote controller controlling unit 46 of the remote
controller 42 actuates a timer (Step S67). The actuated timer
carries out counting until a counted value reaches the timeout
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timer value sent out from the system controlling unit 57 of the
main body 2. If the counting is ended, a timer event is gener-
ated.

If the timer event is generated from the timer (Step S68),
The remote controller controlling unit 46 of the remote con-
troller 42 judges whether or not there is the save information
transiently saved at the step S65 (Step S69). If there is the save
information, the operational flow proceeds to step S70. If
there is not the save information, the operational flow pro-
ceeds to step S71.

In succession, if there is the save information, the remote
coniroller controlling unit 46 of the remote controller 42
again displays the save information, and ends the process
(Step S70). Also, the remote controller controlling unit 46 of
the remote controller 42, if there is not the save information,
removes the indication on the display unit 44, and ends the
process (Step S71).

By the way, it may be designed that the timeout timer value
is not sent out from the main body 2 and that it is set in
advance on the remote controller side.

As mentioned above, the portable telephone 1 has the
remote controller unit 3 separately mounted from the main
body 2, and the electric field strength information is displayed
on this remote controller unit 3. This mechanism of the por-
table telephone 1 enables the electric field strength of the
received electric wave to be simply and conveniently checked
by the user. For example, even if the main body 2 of the
portable telephone is kept in a bag or the like, the electric field
strength information is displayed on, for example, the remote
controller unit 3. Thus, the user can check a current electric
wave reception state very simply without especially taking
out the main body 2 from the bag or the like to check the
status. Also, the electric field strength information is not
always displayed on the remote controller unit 3. That is, it is
displayed, as necessary, in accordance with the operation
from the user. Hence, it is possible to effectively use the
display region placed on the remote controller unit 3.

(Display of Incoming Call on Remote Controller)

In the portable telephone 1, the remote controller unit 3 is
disposed as mentioned above. The remote controller 42 of this
remote controller unit 3 carries out the remote control for
reproducing the audio data recorded on the memory card 4
and the remote control to the function of the main body 2 of
the portable telephone.

A process for displaying a mail incoming by using such a
remote controller 42 will be described below with reference
1o a flowchart shown in FIG. 21.

When automatically receiving a mail data from the base
station (Step S81), the system controlling unit 57 of the main
body 2 sends out a mail incoming display reportand a timeout
timer value to the remote controller 42 (Step S82).

When receiving the report from the system controller 57,
the remote controller controlling unit 46 of the remote con-
troller 42 judges whether or ot any indication is currently
displayed on the display unit 44 of the remote controller 42
(Step S83). If any indication is displayed on the display unit
44, the operational flow proceeds to step S84. If it is not
displayed, the operational flow proceeds to step S85.

The remote controller controlling unit 46 of the remote
controller 42 transiently saves the information currently
being displayed on the display unit 44 (Step S84).

In accordance with a mail incoming report sent out from
the system controlling unit 57 of the main body 2, the remote
controller controlling unit 46 of the remote controller 42
displays the mail incoming indicative of the presencerge
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mail incoming (Step S85). This incoming indication is dis-
played, for example, such as *‘You've Got Mail”, as shown in
FIG. 22.

The remote controller controlling unit 46 of the remote
controller 42 actuates the timer (Step S86). Then, the actuated
timer carries out counting uatil a counted value reaches the
timeout timer value sent out from the system controlling unit
57 of the main body 2. When the count is ended, the timer
event is generated.

When the timer event is generated from the timer (Step
$87), the remote controller controlling unit 46 of the remote
controller 42 judges whether or not there is the save informa-
tion transiently saved at the step S84 (Step S88). If there is the
save information, the operational flow proceeds to step S89. If
there is not the save information, the operational flow pro-
ceeds to step S90.

In succession, when there is the save information, again
displays the save information, the remote controller control-
ling unit 46 of the remote controller 42, and ends the process

s

20

What is claimed is:

1. A communication apparatus comprising:

a communication unit configured to transmit an outgoing
call and to respond to an incoming call to communicate
with at least another device;

a reproduction unit configured to reproduce music data;
and

a controller unit configured to stop communicating with
the other device and continue reproduction of said music
data when an outgoing/incoming call off mode is
selected.

2. The communication apparatus according to claim 1,
wherein said controller unit is operable to input electronic
mail characters even when said outgoing/incoming call off
mode is selected.

3. The communication apparatus according to claim 1,
further comprising;

a memory operable to record music data, and wherein

said controller unit sets said outgoing/incoming call off

(Step $89). Also, the remote controller controlling unit 46 of 20 mode when said memory is operated to record music
the remote controller 42, when there is not the save informa- data. ) o )

tion, removes the indication on the display unit 44, and ends 4. A method of operating a communication device com-
the process (Step S90). prising lh_e steps of: . - )

By the way, it may be designed that the timeout timer value transmitting an outgoing call and responding (0 an incom-
is not sent out from the main body 2 and that it is set in 25 ing cal'l to com.mumcale with at least another device;
advance on the remote controller side. reproducing music data; and .

As mentioned above, the portable telephone 1 has the stopping communicating wu}} the:dother ‘deznce an: con-
remote controller unit 3 separately mounted from the main tinuing the rep’:"d“c“l‘l’“f‘f’ sa‘; .musllc e?im when an
body 2, and the fact of the incoming of the clectronic mail is outgoing/ mcommg_ callo | mo e;:;ﬁ ected. N
displayed on this remote controller unit 3. 30 5.The methodaccording to claim 4, further CO%\P“S'DSt e

This mechanism of the portable telephone 1 which is a step ofmpgmng electroh:xc m?:j] characters in saic comr::um&
characteristic feature of the invention enables the fact of the ca;g"igz;::tgen when said outgoing/incoming call 0
incoming of the electronic mail to be quickly reported (o the " 6 ?l'he method‘accordin to claim 4, further comprising the
user. Also, the user can easily recognize the fact of the incom- 35 st S of: 4 ’
ing of the electronic mail. In the portable telephone 1, for elf’econ.iin music data in a memory of said communication
example, even if the main body 2 is kept in a bag or the like, de vice;s' and .

the mail incoming is displayed on, for example, the display of
the remote controller unit 3. Thus, the user can recognize the
fact of the incoming of the electronic mail quickly and easily
without especially checking the main body 2.

setting said outgoing/incoming ca!l off mode upon record-
ing music data in said memory.

* * * * *
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Time domain signal (magnitude) using ‘Seq-AltY’
(8-times oversampling)

FIG 10a Gf
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(8-times oversampling)
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SYNCHRONIZATION SYMBOL STRUCTURE
USING OFDM BASED TRANSMISSION
METHOD

Matter enclosed in heavy brackets [ ] appears in the

original patent but forms no part of this reissue specifica-

_tion; matter printed in italics indicates the additions
made by reissue.

The present invention relates to a method for generating
synchronization bursts for OFDM transmission systems, a
method for synchronizing wireless OFDM systems, an
OFDM transmitter as well as to a mobile communications
device comprising such a transmitter.

The present invention relates generally to the technical
field of synchronizing wireless OFDM (orthogonal fre-
quency division multiplexing) systems. Thereby it is known
to use a synchronization burst constructed using cspecially
designed OFDM symbols and time domain repetitions.

Particularly from the document IEEE P802.11a/d2.0
“Draft supplement to a standard for telecommunications and
information exchange between systems—LAN/MAN spe-
cific requirements—part 1: wireless medium access control
(MAC) and physical layer (PHY) specifications: high-speed
physical layer in the 5 GHz band™ a synchronization scheme
for OFDM systems is proposed. This document is herewith
included by reference as far as it concerns the synchroniza-
tion including the proposed implementation. Said known
scheme will now be explained with reference to FIG. 6 to 8
of the enclosed drawings.

FIG. 6 shows the structure of the known synchronization
field. As shown in FIG. 6 the synchronization field consists
of so-called short symbols t1, 12, . . . t6 and two long symbols
T1,T2. In view of the present invention particularly the short
symbols t1, t2 . . . 16 are of interest. Among the short sym-
bols t1, 12, . . . t6 used for the amplifier gain control (11, 12,
13) and the course frequency offset and timing control only
the symbols t1, 12, 13 and 14 are actually generated, whereas
the symbols t5, 16 are cyclic extensions (copies of the sym-
bols t1 and 12, respectively). It is to be noted that FIG. §
shows only the synchronization preamble structure as the
structure of the following signal field indicating the type of
baseband modulation and the coding rate as well as the
structure of further following data fields are not of interest in
view of the present invention. For further details reference is
made to said prior art document.

The symbols t1, t2, t3, 14 are generated by means of an
OFDM modulation using selected subcarriers from the
entire available subcarriers. The symbols used for the
OFDM modulation as well as the mapping to the selected
subcarriers will now be explained with reference to FIG. 6.

Each of the short OFDM symbols tl, . . . t6 is generated by
using 12 modulated subcarriers phase-modulated by the ele-
ments of the symbol alphabet:

S=2(z12j)

The full sequence used for the OFDM modulation can be
written as follows:

S_24.24=Y2%{14j,0,0,0,14},0,0,0,-1-},0,0,0,-1-j,0,0,0,1 -

1,0,0,0,-1-,0,0,0,0 0,0,0,1+;,0,0,0,1+j,0,0,0,-1-,0,0,
0,14§,0,0,0,-1+,0,0,0,14j}

The multiplication by a factor of V2 is in order to normal-
ize the average power of the resulting OFDM symbol.

20

2
The signal can be written as:
Ny/j2
rsHort(t) = WsHorTi (1) Z Sexp(j2rkArt)
k=2

The fact that only spectral lines of S_,, ,, with indices
which are a multiple of 4 have nonzero amplitude results in a
periadicity of Trr7/4=0.8 psec. the interval Trsyorp 18
equal to nine 0.8 psec periods, i.e. 7.2 psec.

Applying a 64-point IFFT to the vector S, where the
remaining 15 values are set to zero, four short training sym-
bols 11, 12, 3, 14 (in the lime domain) can be generated. The
IFFT output is cyclically extended to result in 6 short sym-
bols t1, t2, 13, . . . t6. The mapping scheme is depicted in
FIG. 7. The so called virtual subcarriers are left unmodu-
lated. :

The way to implement the inverse Fourier transform is by
an IFFT (lnverse Fast Fourier Transform) algodithm. If, for
example, a 64 point IFFT is used, the coefficients 1 10 24 are
mapped to same numbered IFFT inputs, while the coeffi-
cients —24 to -1 arc copied into IFFT inputs 40 to 63. The

- rest of the inputs, 25 to 39 and the 0 (DC) input, are set to

30

35

40

45

50
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60
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zero. This mapping is illustrated in FIG. 7. After performing
an IFFT the output is cyclically extended to the desired
length.

With the proposed inverse fast Fourier transform (IFFT)
mapping as shown in FIG. 7 the resulting time domain signal
consists of 4 periodically repeated short symbols t1, 12, 13,
14, and cyclically extended by a copy of t1, 12, which copy is
depicted in FIG. § as t5, t6. Note that in the present case only
spectral lines with indices which are a multiple of 4 have
nonzero amplitude. Other periodic natures can be generated
by setting other multiples of the spectral lines to nonzero
amplitudes.

Though the known synchronization scheme is very
effective, it provides for disadvantage regarding the time
domain signal properties.

For OFDM (or in general multicarrier signals) the signal
envelope fluctuation (named Peak-to-Average-Power-
Ratio=PAPR) is of great concern. A large PAPR results in
poor transmission (due to nonlinear distortion effects of the
power amplifier) and other signal limiting components in the
transmission system (e.g. limited dynamic range of the AD
converter).

For synchronization sequences it is even more desirable to
have signals with a low PAPR in order to accelerate the
receiverAGC (automatic gain control) locking and adjusting
the reference signal value for the A/D converter (the whole
dynamic range of the incoming signal should be covered by
the A/D converter resolution without any overflow/
underflow).

FIGS. 8a, 8b show the “absolute” (sqrt{In*+
Quad*Quad}) value of the resulting time domain signal
waveform with the sequences proposed by Lucent Technolo-
gies. Oversampling (8*) was considered in order to ensure
the peak was captured correctly using the limited 64-point
IFFT.

FIGS. 8c, 8d show the real and imaginary part of the
resulting transmitted time domain waveform. The resulting
PAPR is 2.9991 dB (no oversampling) and 3.0093 dB (with
8 times oversampling).

Therefore it is the object of the present invention to pro-
vide for a synchronization technique which bases on the
known synchronization technique but which presents
improved time domain signal properties to reduce the
requirements for the hardware.

-
{
H
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The above object is achieved by means of the features of
the independent claims. The dependent claims develop fur-
ther the central idea of the present invention.

According to the present invention therefore a method for
generating synchronization bursts for OFDM transmission
systems is provided. Symbols of a predefined symbol
sequence are mapped according to a predefined mapping
scheme on subcarriers of the OFDM system wherein the
symbols of the predefined symbol sequence represent sub-
carriers with nonzero amplitudes. A synchronization burst is
generated by inverse fast Fourier transforming the subcarri-
ers mapped with a predefined symbol sequence. According
to the present invention the predefined symbol sequence is
optimized such that the envelope fluctuation of the time
domain signal (Peak-to-average-power-ratio) is minimized.

The predefined symbol sequence can be chosen such that
the following equations are satisfied for all symbols of the
predefined symbol sequence: -

n=2m,
Ci=xC,_,

n being the number of symbols of the predefined symbol

sequence,

m being an integer larger than one,

C being the symbol value, and

i being an integer running from 1 to m.

The mapping of the symbols of the predefined symbol
sequence and the Inverse Fast Fourier Transform can be set
such that the resulting time domain signal of the synchroni-
zation burst represents a periodic nature.

Alternatively the mapping of the symbols of the pre-
defined symbol sequence and the Inverse Fast Fourier Trans-
form is set such that one burst part of the synchronization
burst in the time domain is generated and the periodic nature
of the synchronization burst in the time domain is achieved
by copying the one burst part.

The number of symbols of a symbol sequence () can for
example be 12.

The above equations define generally the symbol
sequences according to the present invention. The pre-
defined symbol sequence can therefore be for example:

AAA-A-A-A-AA-A-AA-A,
wherein A is a complex value.

Alternatively the predefined symbol sequence can be:

A-AAA-AAAAA-A-A-A,
wherein A is a complex value.

Alternatively the following predefined symbol sequence
can be used:

AB-AB-A-BBA-BA-B-A,
wherein A, B are complex values.

As a further alternative the following sequence can be
used:

A-B-A-B-AB-BABAB-A,
wherein A, B are complex values.

According to the present invention furthermore a method
for synchronizing wireless OFDM systems is provided,
wherein a synchronization burst is generated according to a
method as set forth above and the synchronization burst is
transmitted respectively before the transmission of data

0

—
w
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Thereby the time domain signals of the synchronization
burst can be precomputed and stored in a memory, such that
the computation of the time domain signal of the burst is
only effected once.

According to the present invention furthermore a OFDM
transmitter is provided comprising a mapping unit for map-
ping the symbols of a predefined symbols sequence accord-
ing to a predefined mapping scheme on subcarriers of the
OFDM system, wherein the symbols of a predefined sym-
bols sequence represent the subcarriers of the OFDM system
with nonzero amplitudes. Furthermore an inverse fast Fou-
rier transforming unit is provided for generating a synchro-
nization burst by inverse fast Fourier transforming the sub-
carriers of the OFDM mapped with said predefined symbols
sequence. The mapping unit thereby is designed such that
the resulting time domain signal of the synchronization burst
represents a periodic nature. The mapping unit according to
the present invention uses a predefined symbol sequence
which is such that the envelope fluctuation of the time
domain signal of the synchronization burst is minimized.

According to the present invention furthermore a mobile
communications device such as sct forth above is used.

With reference to the figures of the enclosed drawings
referred embodiments of the present invention will now be
explained.

FIG. 1 shows schematically a transmitter according to the
present invention,

FIG. 2 shows an alternative embodiment for a transmitter
according to the present invention,

FIG. 3 shows an altemative mapping scheme according to
the present invention,

FIGS. 4a to 4d show the time domain signal properties
achieved with the synchronization symbol structure using
OFDM based transmission according to the present
invention,

FIGS. 5a 10 5d show the time domain signal properties of
synchronization symbol structures according to alterative
embodiments of the present invention,

FIG. 6 shows a synchronization preamble structure known
from the prior art,

FIG. 7 shows an IFFT mapping according to the prior art,
and

FIGS. 8a to 8d show the time domain properties of the
synchronization symbol structure according to the prior art,

FIGS. 9a and 9b show the time domain properties, par-
ticularly the dynamic range of the synchronization symbol
structure according to the prior art, and

FIGS. 10a and 10b show the time domain properties of the
synchronization symbol structure according to further alter-
native embodiments of the present invention,

According to the present invention the time domain syn-
chronization burst structure as shown in FIG. 6 is main-
tained. The IFFT mapping as shown in FIG. 7 can be main-
tained or alternatively the IFFT mapping according to FIG. 3
can be used. The symbol sequerces mapped to the subcarri-
ers are optimized to sequences which result in a lower
PAPR.

According to the present invention a short OFDM symbol

fields. (t1, . . . t6) consists of 12 phase-modulated subcarriers.
€00 CO1 CO2 €03 C04 COS C06 CO7 CO8 COS ClO Cli
Seq0 A A A -A -A -A A -A
Sed A -A A A -A A
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-continued
€00 COl CO2 CO3 €04 COS €06 CO7 CO8 CO9 ClO0 Cll
Seq2 A B -A B -A -B B A -B A -B -A
S3 A -B -A -B -A B B A B A B -A
with
10 .
-continued
= j d
A=exp(j*2+nmsp,)an Symbol
R R4
B=Asexp(;5)=exp(12n‘:pA +]§) and 0.0 s¢, < 1.0. B (’x ‘”) P(3”) - |
explj- +j=) =exp| j— L i |
1s 4772 4 \/ 3 =1+)) |
Generally the predefined symbol sequence therefore is : |
chosen such that the envelope fluctuation of the time domain B ex p(]:,—x) - exp(_, n ) 1 '
signal of the synchronization burst is minimized. 4 4 RS )

Therefore generally the predefined symbol sequence is set

such that the following equations are satisfied for all sym- 20
bols for the predefined symbol sequence:
n=2m,
25
C1—|=‘Cn-.'
wherein n is a number of symbols of the predefined sym-
bol sequence,
m is an integer larger than 1, 30

¢ is the symbol value, and

iis an integer value running from 1 to m.

In the following the time domain signal properties of the
new sequences according to the present invention will be
shown with reference to FIGS. 4a to 4d and FIGS. 5a to 5d.

For simplicity we use in our demonstration the classical
quadriphase symbol alphabet,

s= ,—;:(tltj),

(this corresponds to ¢ ,=0.125)

40

Symbol

ex(iz)
S0

£(+l+j)
o
5(— -N

el = exeliy)

Table 1: Complex symbol mapping

FIGS. 5a and Sb thereby show the time domain signal
(magnitude) when using the optimized sequence according
to the present invention in the case of no oversampling/8-
times oversampling is effected.

PAPR (in decibel) is limited to 2.059 (even when using a
time domain oversampling to capture the acwal peak).

FIGS. 5c and 5d show the in-phase and quadrature-phase
component, respectively, of the resulting wave form. It is
clearly visible that the full symbol consists of four repeti-
tions of a short sequence.

FIGS. 5a to 5d show graphics cotresponding to FIGS. 4a
to 4d for the other proposed sequences S1, S2 and S3.

Further simulations have shown that not only the PAPR
can be optimized but also the dynamic range of the signal
should be minimized. Therefore another four sequences,
with achieve a small PAPR and at the same time a small
overall dynamic range are proposed further below.

Using the sequence as proposed in the state of the art the
PAPR is 3.01 dB and the dynamic range (defined as the ratio
of the peak power to the minimum power) is 30.82 dB (see
FIGS. 9a and 9b).

Using the sequences according to the present invention
and as described above the PAPR is reduced to 2.06 dB,
however, the dynamic range is increased as the signal power
is ‘0’ at some poiats.

Therefore the following four sequences are proposed as a
further embodiment of the present invention:

The symbol sequence is C0, C1, . . . C11 and the mapping
is:

$=2*{C00, 0, 0, 0,C01, 0, 0, 0, C02, 0, 0, 0, C03,

C04,0,0,0,C05,9,0,0,0,0.0 0
0,0, C08,0,0,90,C09,0,0,0,

CoS  Co6

Seq-Alt0
Seq-Alti
Seq-Alt2
Seq-Alt3

> > > >

-A
-B

U
>
w
> > >
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with A=exp (i*2*n*¢,) and

B= A:exp(jg) = exp(j2r s pa +j;)

and 0.0=¢,_1.0.

Using these sequences the PAPR is reduced to 2.24 dB
and the dynamic range is limited to 7.01 dB as it is shown in
FIGS. 10a and 10b.

8

reduced due to the reduced resolution requirements neces-
sary due to reduced envelope fluctuation.
The advantages of the present invention can be set forth as
following;:
An OFDM based SYNCH symbol with a reduced Peak-
to-Average-Power-Ratio (PARP) is proposed,
Improved synchronization performance (compared to the
state of the art proposal),
Reduced AGC (automatic gain control) pull-in time due to

The advantages are the same as described before, 10 .
however, the clipgping problem is further reduced due to the reduced dyn‘am ic range of the SYNCH !)urst, .
very limited dynamic range of the signal. Iumv?d AGC settlement (AGC has to adjust to a incom-
With reference to FIG. 1 and 2 possible implementations ing signal level that later on now overﬂc?w/underﬂow in
of a transmitter according to the present invention will now the AD happens. The reduce(! dynamic range of the
be explained. s SYNCH burst help to find this reference level more
In the transmitter the sync symbol data 1 are prepared and accurate),
mapped in a IFFT mapping unit 2 to the appropriate IFFT Reduced synchronization detection complexity on the
points. The subcarriers of the OFDM system are transformed receiver (reduced resolution necessary due to reduced
bya IFFT unit 3 and then the time domain signal is extended envelope fluctuation).
in a time extension unit 4 by copying parts of the signals (for 50  Whatis claimed is:

example, (1, 12 are copied to 15, 16). The time extended signal
is then sent to the I/Q modulator 5.

As shown in FIG. 2 alternatively the time domain signal
can be precomputed once in a computation unit 7 and then
be stored in a memory 6 for the precomputed sample for the

1. A method for generating synchronization bursts for
OFDM transmission systems, comprising the following
steps:

mapping the symbols of a predefined symbol sequence

according to a predefined mapping scheme on subcarri-

time signal. Then the time domain signal of the synchroniza- 25 A
tion bursl can be sent to the modulator 5§ directly from the ers S of the OFDM system, wherein the symbolg of the
memory 6. predefined symbol sequence represen! subcarriers of

With reference to FIG. 3 a modified IFFT mapping the OFDM system with non-zero-amplitude, and
scheme will now be explained. generating a synchmnizatiqn burst by Inverse Fourier

According to this scheme, the principle of setting only 30 Transforming.the subcarriers S of the OFDM system
every fourth subcarrier of the OFDM system to a non-zero mapped with the symbols of said predefined symbol
amplitude (see FIG. 7) is abandoned. Therefore the time sequence,
domain signal achieved according to the mapping scheme of characterized in that
FIG. 3 will not present a periodic nature. . the predefined symbol sequence is set such that the
(T T S o ot oo 66w 3 e oo o of

- R . synchronization burst is minimized and the symbols
generated. The other bursts can be generated by copying to of the predefined symbols sequence can be expressed
retain the periodic nature of the synchronization time as
domain signal necessary for the correlation and synchroniza-
tion on the receiving side. Therefore for example the time A-AA-A-AA-A-AAAAA
40 A being a complex value.
g

extension unit 4 can perform the copying of the 16-sample
burst t1 generated by the IFFT 16 according to FIG. 7 to the
other burst t2, 13, . . . t6. Obviously the mapping scheme
according to FIG. 3 reduces the computing effort necessary
for the IFFT. The periodic nature of the time domain signal

2. A method for synchronizing wireless OFDM systems,
characterized by the steps of
generating a synchronization burst according to a method
according to claim 1, and

of the SYNCH bursts is therefore no longer achieved bythe 45 trapsmitiing the synchronization burst.
IFFT step, but by copying the burst t1 generated with the 3. A method according to claim 2, characterized in that
simplified IFFT mapping scheme. . the time domain signal of the synchronization burst is

The mapping scheme shown in FIG. 3 is also advanta- .

. - . . . precomputed and stored in a memory.
geous in combination with the precomputing technique K v
shown in FIG. 2 . s 4. An OFDM transmitter, comprising:

According to the present invention therefore a synchroni- a unit for mapping the symbols of a pred?ﬁned symbol
zation burst structure to be used in high speed wireless trans- sequence according to a predefined mapping scheme on
mission systems is proposed. The synchronization burst is subcarriers of the OFDM system, wherein the symbols
constructed using especially designed OFDM symbols and of the predefined symbol sequence represent subcarri-
time domain repetitions. The resulting synchronization burst 55 ers of the OFDM system with non-zero-amplitude, and
achieves a high timing detection and frequency offset esti- a unit for generating a synchronization burst by Inverse
mation accuracy. Furthermore the burst is optimized to Fourier Transforming the subcarriers of the OFDM sys-
achieve a very low envelope fluctuation (Low peak-to- tem mapped with the symbols of said predefined sym-
average-power-ratio) to reduce the complexity on the receive bol sequence
and to reduce time and frequency acquisition time at the o
receiver. 6o  characterized in that

Therefore the synchronization performance can further be the mapping unit is designed 1o modulgte the SUbCme'
improved. As with the scheme according to the present ers sgch‘.lhat the envelope ﬁu;:tuz}txon of t!le time
invention the envelope of the OFDM based synchronization domain signal of the synchronization burst is mini-
burst in the time domain is reduced, the AGC pool-in speed mized by using the following predefined symbol

65 sequence:

at the receiver can be improved and an accurate time and
frequency synchronization can be achieved. Furthermore the
synchronization complexity on the receiver side can be

A-AA-A-AA-A-AAAAA
A being a complex value.

B

B
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S. An OFDM transmitter according to claim 4, character-
ized by

a time extension unit copying the burst part to achieve a

periodic nature of the time domain signal.

6. An OFDM transmitter according to claim 4, character-
ized by

a processing unit for precomputing the time domain signal

of the synchronization burst

and a memory for storing the precomputed time domain

signal of the synchronization burst.
7. A mobile communications device, comprising a trans-
mitter according to claim 4.
8. A synchronization burst signal for synchronizing
OFDM systems generated by a method according to claim 1.
9. A method for generating a synchronization signal by
using a plurality of subcarriers for an OFDM transmission
system, comprising the steps of:
mapping symbols of a predefined symbol sequence in
accordance with a predefined mapping scheme on said
plurality of subcarriers, wherein pre-selected twelve
symbols of the predefined symbol seq e have non-
zero values, and
generating a synchronization signal by Inverse Fourier
Transforming said plurality of subcarriers mapped with
the symbols of said predefined symbol seq e,

wherein the symbols of the predefined symbols sequence
are expressed as
A-AA-A-AA-A-AAAAA
A being a complex value.
10. A method for generating a synchronization signal by
using a plurality of subcarriers in an OFDM transmission
system, comprising the steps of:
generating a predefined symbol sequence having at least
twelve symbols corresponding to respective pre-
selected ones of said plurality of subcarriers, und

generating said synchronization signal in time domain by
performing Inverse Fourier Transforming on said pre-
selected ones of said plurality of subcarriers,

. wherein said twelve symbols are set to nonzero having
complex values and others of said symbols are set to
zero, such that said twelve symbols are arranged peri-
odically in said predefined symbol sequence in the fre-
quency domain, and

wherein said symbol sequence of said twelve symbols is A

~AA-A-AA-A-A4A4AAA, where A is a complex
value.
11. 4 method for generating a synchronization signal by
using a plurality of subcarriers in an OFDM transmission
system, comprising the steps of*
generating a predefined symbol sequence having twelve
symbols each set to a non-zero value and a plurality of
Surther symbols each set to a zero value, wherein each
of said symbols is mapped respectively on a predefined
subcarrier of said plurality of subcarriers, and

generating said synchronization signal in time domain by
performing Inverse Fourier Transforming on said plu-
rality of subcarriers mapped with said predefined sym-
bol sequence,

wherein said twelve symbols of the predefined symbol

sequence is expressed as

A-AA-A-AA-A-AAAAA
A being a complex value.

12. A method for transmitting OFDM data signals in an
OFDM transmission system, comprising the steps of:

receiving a plurality of subcarriers on which a predefined

symbol sequence is mapped, said predefined symbol

25
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45

50

60

65

10

sequence having twelve symbols set to non-zero values
and other symbols set to zero values, and wherein said
twelve symbols of said predefined symbols sequence are
expressed as

A-AA-A-AA-A-AAAAA

A being a complex value,

generating a synchronization signal in time domain by
performing Inverse Fourier Transforming on said plu-
rality of subcarriers, and

transmitting said synchronization signals and said OFDM
data signals.

13. A method for transmitting OFDM data signals in an

OFDM transmission system, comprising the steps of:
receiving a plurality of subcarriers on which a predefined
symbol sequence is mapped,

generating a synchronization signal in time domain by
performing Inverse Fourier Transforming on said plu-
rality of subcarriers, and

transmitting said synchronization signals and said OFDM
data signals,

wherein said predefined symbol sequence has twelve sym-
bols having complex value and said twelve symbols of
said predefined symbols sequence can be expressed as

A-AA-A-AA-A-AAAAA

wherein twelve symbols are arranged in said predefined
symbol sequence such that every fourth subcarrier
among said plurality of subcarriers has non-zero
amplitude.

14. 4 method for transmitting OFDM data signals in an

OFDM transmission system, comprising the steps of-
generating synchronization signals in time domain by per-
Jorming Inverse Fourier Transforming on a plurality of
subcarriers on which a predefined symbol sequence is
mapped in accordance with a predefined mapping
scheme, and

transmitting said synchronization signals and said OFDM
data signals,

wherein said predefined symbol sequence contains the fol-
lowing symbol sequence comprising twelve complex
values:

A-AA-A-A4-A-AAAAA

wherein said twelve symbols are mapped on every fourth
subcarriers of said plurality of subcarriers.

15. Apparatus for generating a synchronization signal by
using a plurality of subcarriers for an OF DM transmission
System, comprising:

a unit mapping symbols of a predefined symbol sequence
in accordance with a predefined mapping scheme on
said plurality of subcarriers, wherein pre-selected
twelve symbols of the predefined symbol sequence have
non-zero values, and

a unit for generating a synchronization signal by Inverse
Fourier Transforming said plurality of subcarriers
mapped with the symbols of said predefined symbol
sequence,

wherein the symbols of the predefined symbols sequence
are expressed as

A-AA-A-AA4-A-AAAAA
A being a complex value.

16. Apparatus for generating a synchronization signal by
using a plurality of subcarriers in an OFDM transmission
system, comprising

a unit for generating a predefined symbol sequence hav-
ing at least twelve symbols corresponding 1o respective
pre-selected ones of said plurality of subcarriers, and
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a unit for generating said synchronization signal in time
domain by performing Inverse Fourier Transforming on
said preselected ones of said plurality of subcarriers,

wherein said twelve symbols are set to nonzero having
complex values and others of said symbols are set to
zero, such that said twelve symbols are arranged peri-
odically in said predefined symbol sequence in the fre-
quency domain, and

wherein said symbol sequence of said twelve symbols is A
“AA-A-AA-A-AAAAA where A is a complex
value.

17. Apparatus for generating a synchronization signal by

using a plurality of subcarriers in an OFDM transmission

a unit for generating a predefined symbol sequence hav-
ing twelve symbols each set to a non-zero value and a
plurality of further symbols each set 1o a zero value,
wherein each of said symbols is mapped respectively on
a predefined subcarrier of said plurality of subcarriers, o
and

a unit for generating said synchronization signal in time
domain by performing Inverse Fourier Transforming on
said plurality of subcarriers mapped with said pre-
defined symbol sequence, 2

wherein said twelve symbols of the predefined symbol
sequence is expressed as

A-AA-A-AA-A-AAAAA

A being a complex value.

18. Apparatus for ransmitting OFDM data signals in an

OFDM transmission system, comprising:

a unit for receiving a plurality of subcarriers on which a
predefined symbol sequence is mapped, said predefined
symbol sequence having twelve symbols set to non-zero
values and other symbols set to zero values, and
wherein said twelve symbols of said predefined symbols
sequence are expressed as

A-AA-A-AA-A-AAAAA

A being a complex value, 0

a unit for generating a synchronization signal in time
domain by performing Inverse Fourier Transforming on
said plurality of subcarriers, and

a transmitter for transmitting said synchronization signals
and said OFDM data signals. a5

19. Apparatus for transmitting OFDM data signals in an

OFDM transmission system, comprising:

a unit for receiving a plurality of subcarriers on which a
predefined symbol sequence is mapped,

a unit for generating a synchronization signal in time
domain by performing Inverse Fourier Transforming on
said plurality of subcarriers, and

a transmitter for transmitting said synchronization signals
and said OFDM data signals,

wherein said predefined symbol sequence has twelve sym-
bols having complex value and said twelve symbols of
said predefined symbols sequence can be expressed as

A-AA-A-AA-4-AAAAA

wherein twelve symbols are arranged in said predefined o
symbol sequence such that every Sfourth subcarrier
among said plurality of subcarriers has non-zero
amplitude.

20. Apparatus for transmitting OFDM data signals in an

OFDM transmission system, comprising: 65

a unit for generating synchronization signals in time
domain by performing Inverse Fourier Transforming on

50

55

12

a plurality of subcarriers on which a predefined symbol
sequence is mapped in accordance with a predefined
mapping scheme, and

a transmitter for transmitting said synchronization signals

and said OFDM data signals,

wherein said predefined symbol sequence contains the fol-

lowing symbol sequence comprising twelve complex
values:

A-AA-A-AA-A-AAAAA

wherein said twelve symbols are mapped on every fourth

subcarriers of said plurality of subcarriers.

21. A method for synchronizing a wireless communication
device in an OFDM communication system, comprising the
steps of:

receiving data signals and a synchronization signal exhib-

iting periodicity, the data signals and synchronization
signal being transmitted from a transmitter side by
using a plurality of subcarriers, said synchronization
signal being based on a predefined symbol sequence
having twelve complex value symbols with the symbol
sequence

A-AA-A-AA-A-AAAAA

wherein A is a complex value, and

wherein said twelve symbols are mapped on every fourth

subcarrier of said plurality of subcarriers so that said
periodic nature of synchronization signal contains Jour
repetitions of one synchronization signal in time
domain; and

performing time and frequency synchronization in accor-

dance with said periodicity of synchronization signal.

22. A method for synchronizing a wireless communication
device in an OFDM communication system, comprising the
steps of:

receiving data and synchronization signals transmitted

from a transmitter side by using a plurality of
subcarriers, and

performing time and frequency synchronization in accor-

dance with said synchronization signal;

wherein said synchronization signal is generated based on

a predefined symbol sequence comprising twelve sym-
bols having complex values and a sequence of said
twelve symbols is expressed as

A-AA-A-AA-A-AAAAA

wherein A is a complex value.

23. A method for synchronizing a wireless communication
device in an OFDM communication system, comprising the
steps of:

receiving data and synchronization signals transmitted

from a transmitter side by using a plurality of
subcarriers, and

performing time and frequency synchronization in accor-

dance with said synchronization sigral;

wherein said synchronization signal is generated based on

a predefined symbol sequence comprising twelve non-
zero symbols having complex value and other symbols
being set to zero so that said twelve symbols are
arranged with periodicity in said predefined symbol
sequence in the frequency domain, and

wherein a sequence of said twelve symbols in the fre-

quency domain is

A-AA-A-AA-A-AAAAA

wherein A is a complex value.

24. A method for synchronizing a wireless communication
device in an OFDM communication system, comprising the
steps of: ey PR
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receiving data and synchronization signals transmitted
from a transmitter side by using a plurality of
subcarriers, and
performing time and frequency synchronization in accor-
dance with said synchronization signal;
wherein said synchronization signal is based on a pre-
defined symbol sequence comprised of twelve symbols
having complex value, said twelve symbols being
expressed as
A-AA-A-AA-A-4A4A4AAA
wherein A is a complex value and
wherein the twelve symbols are arranged such that every
Jfourth subcarrier among said plurality of subcarriers
has non-zero amplitude.
25. A method for transmitting data signals in an OFDM
transmission system, comprising the steps of:
generating a predefined symbol sequence comprised of a
plurality of complex value symbols mapped on a plural-
ity of subcarriers,
generating a synchronization signal by supplying said
plurality of subcarriers having non-zero amplitude to
an inverse Fourier Transform unit, such that said plu-
rality of subcarriers mapped with said predefined sym-
bol sequence are transformed into a time domain signal
to generate only one synchronization signal,
copying said one synchronization signal to generate other
synchronization signals in the time domain; and
transmitting said generated synchronization signals and
said data signals.
26. The method according to claim 25,
wherein the symbols of said predefined symbol sequence
are expressed by C,_, or C,,_,, wherein:
n is the number of symbols of said predefined symbol
sequence,
m is a half value of n,
i is an integer running from I tom
wherein said symbols expressed by C,_, are supplied to
one set of inputs of said inverse Fourier transform unit,
and said symbols expressed by C,_, are supplied to
another set of said inputs of said inverse Fourier trans-
form unit.
27. A method for transmitting data signals in an OFDM
transmission system, comprising the steps of:
receiving a plurality of subcarriers on which a predefined
symbol sequence is mapped, said predefined symbol
sequence being formed of a plurality of symbols set to
complex values,
transforming said plurality of subcarriers, of non-zero
amplitude, mapped with said predefined symbol
sequence into a time domain signal using inverse Fou-
rier transformation, so as to generate only one synchro-
nization signal,
copying said one synchronization signal in the time
domain to provide a synchronization signal with
periodicity, and
transmitting said provided synchronization signal and
said data signals.
28. A method for transmitting data signals in an OFDM
transmission system, comprising the steps of:
receiving a plurality of subcarriers on which a predefined
symbol sequence is mapped, said predefined symbol
sequence being formed of a plurality of symbols set to
complex values,
transforming said plurality of subcarriers, set to non-zero
amplitude, mapped with said predefined symbol
sequence into a time domain signal by using Inverse

35

45

50

60

65

14

Iourier Transformation, to generate only one synchro-
nization signal,

copying said one synchronization signal to generate other
synchronization signals in the time domain; and

transmitting said generated synchronization signals and
said data signals.

29. A method for transmitting OFDM data signals in an

OFDM transmission system, comprising the steps of:

generating one synchronization signal in the time domain
by performing Inverse Fourier Transformation on a
plurality of subcarriers on which a predefined symbol
sequence is mapped in accordance with a predefined
mapping scheme, wherein all symbols of said pre-
defined symbol sequence are set to complex values,

generating a synchronization signal of periodicity by
copying said one synchronization signal in the time
domain, and

transmitting said synchronization signal of periodicity
and said OFDM data signals.

30. A method for transmitting OFDM data signals in an

OFDM transmission system, comprising the steps of:

generating a predefined symbol seq e having at least
twelve non-zero complex value symbols, each of said
twelve symbols being mapped in a periodic manner on
a plurality of pre-selected subcarriers in the frequency
domain,

generating a time domain signal by performing Inverse
Fourier transformation on said plurality of pre-selected
subcarriers mapped with said predefined symbol
sequence,

said predefined symbol sequence conforming with the fol-
lowing equations for all symbols of said predefined
symbol sequence:

n=2m,
Cpy=2C, i

wherein:

n is the number of symbols of said predefined symbol

sequence,
m is an integer larger than one,
C is the symbol value, and
iis an integer from I to m.
31. A method for transmitting OFDM data signals by
using a plurality of subcarriers in an OFDM transmission
system, comprising the steps of:
generating a predefined symbol sequence having at least
twelve symbols corresponding to respective pre-
selected ones of said plurality of subcarriers,

generating a time domain signal by performing Inverse
Fourier transformation on said plurality of pre-selected
subcarriers corresponding to the symbols of said pre-
defined symbol seq

wherein each of twelve symbols is set to a nonzero com-
plex value and said predefined symbol sequence has a
binary symbol sequence expressed by A and A, where
A is a complex value, and wherein said predefined sym-
bol sequence salisfies the following equations for all
symbols of said predefined symbol sequence:

©

n=2m,

Ci=2C,, i
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wherein:
n is the mumber of symbols of said predefined symbol
sequence,

m is an integer larger than one,
C is the symbol value, and
i is an integer from 1 to m.
32. A method for transmitting OFDM data signals by
using a plurality of subcarriers in an OFDM transmission
system, comprising the steps of:
generating a predefined symbol sequence having at least
twelve symbols corresponding to respective pre-
selected subcarriers of said plurality of subcarriers,

generating a time domain signal by performing Inverse
Fourier transformation on said plurality of pre-selected
subcarriers corresponding to the symbols of said pre-
defined symbol sequence,

wherein each of said twelve symbols has a nonzero com-

plex value expressed by A or A, and wherein said pre-
defined symbol sequence satisfies the following equa-
tions for all symbols of said predefined symbol
sequence:

n=2m,

C;_y=2xC, i

wherein:

n is the number of symbols of said predefined symbol

sequence,
m is an integer larger than one,
C is the symbol value, and
iis an integer from I to m.
33. A method for transmitting OFDM data signals by
using a plurality of subcarriers in an OFDM transmission
system, comprising the steps of:
generating a predefined symbol sequence having pre-
defined symbols, each of said symbols being mapped on
a respective predefined subcarrier, and

generating a time domain signal by Inverse Fourier Trans-
forming said plurality of subcarriers mapped with the
symbols of said predefined symbol sequence,

16

wherein said predefined symbols are set to nonzero com-
plex values and have a binary sequence of symbol val-
ues expressed by A or -A,

wherein said predefined symbol sequence satisfies the fol-
lowing equations for all symbols of said predefined
symbol sequence:

w

n=2m,
10 Ciy=2C, i

wherein: .
n is the number of symbols of said predefined symbol
sequence,
1S mis an integer larger than one,
C is the symbol value, and
i is an integer from 1 to m.
34. A method for transmitting OFDM data signals in an
OFDM transmission system, comprising the steps of:

2 mapping symbols of a predefined symbol sequence in
accordance with a predefined mapping scheme on said
plurality of subcarriers, wherein pre-selected symbols
of the predefined symbol sequence have non-zero

25 values, and

generating a time domain signal by Inverse Fourier Trans-
forming said plurality of subcarriers mapped with the
symbols of said predefined symbol sequence,

wherein said predefined symbol sequence satisfies the fol-

30 lowing equations for all symbols of said predefined

symbol sequence:

n=2m,
Cp.=xC, i

wherein:
n is the number of symbols of said predefined symbol
sequence,
m is an integer larger than one,
C is the symbol value, and
i is an integer from I to m.

* * * * *
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METHOD AND APPARATUS FOR
ASSIGNING CODES

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to code assignment in multi-
rate communications of the radio communication system
employing Code Division Multiple Access (CDMA) system,
where codes having tree structured orthogonal multi-spread-
ing factor sequence are used as spreading codes.

2. Description of the Related Art

The system utilizing coherent multi code and the system
utilizing tree structured multi-spreading factor sequence
code have been introduced as a multi-rate transmission
system in the radio communication system employing DS-
CDMA (Direct Sequence-CDMA). In the multi-rate trans-
mission utilizing the coherent multi code, plural codes are
simultaneously used to perform multi-code-multiplexing. In
the multi-rate transmission utilizing the tree structured
multi-spreading factor sequence code, orthogonal codes
having equivalent spreading factors are multiplexed in par-
allel. Receivers for receiving plural codes are needed for a
mobile station used for the multi-rate transmission utilizing
the coherent multi code. On the other hand, only one
receiver is needed for the system utilizing the tree structured
multi-spreading factor sequence code.

The conventional CDMA system using tree structured
orthogonal multi-spreading factor sequences is disclosed in,
for example, a technical repont entitled “Multi-rate Wide-
band DS-CDMA Radic Access For Next Generation Mobile
Radio Systems”, the Institute of Electronics, Information
and Communication Engineers, RCS-97-86, 1997. The con-
ventional system will be explained with reference to FIG.
11.

FIG. 11 shows a configuration of the conventional tree
structured orthogonal multi-spreading factor sequences.

The tree structure is composed of four levels: level 1 at the
top through level 4 at the bottom, defined just for conve-
nience. As there are four levels in this case, the channel
transmission rate using the top level (level 1) code is eight
times as fast as that of the channel using the lowest level
(level 4) code. The channel transmission rate using level 2
code is four times the rate of channel using the level 4 code.
The channel transmission rate using level 3 code is twice the
rate of channel using the level 4 code. Cx(y) in FIG. 11
represents a kind of codes, x stands for a code level, y stands
for an identification number in the same code level, and
smallcircle. stands for a code.

In FIG. 11, a code in the level 1 can be used for
communication of twice the transmission rate of level 2.
Now, a concrete example will be explained referring to the
case of tree structure as shown in FIG. 11. When C.sub.2(1)
is assigned to a user of four times the transmission rate of the
lowest rate (C.sub.4(x) level in FIG. 11), the codes C.sub.4
(1), C.sub4(2), C.sub.4(3), C.sub.4(4), C.sub.3(1), and
C.sub.3(2) can not be assigned to other users because of
keeping the code orthogonality. Due to this characteristic, all
the lower level codes connected with an assigned code
through branches and all the upper level codes connected
with the assigned code through only upward branches are
not-assignable. When C.sub.2(1) is the assigned code, all the
lower codes C.sub.4(1), C.sub.4(2), C.sub.4(3), C.sub.4(4),
C.sub.3(1) and C.sub.3(2) connected with the assigned code
by branches are not-assignable, and the upper code C.sub.1
(1) connected with the assigned code by the shortest branch
is not-assignable, either.
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As stated above, in CDMA system using codes of tree
structured orthogonal multi-spreading factor sequences, the
code assignment for a mobile station s restricted because of
the characteristic. Accordingly, in the case of FIG. 11, if
C.sub.4(5) and C.sub.4(7) are assigned to calls of the lowest
rate (level 4), it is impossible to assign a call having the rate
of level 3 or upper than level 3. However, on the supposition
that C.sub.4(6) is assigned to the call of level 4 instead of
C.sub.4(7), it is possible to assign C.sub.3(4) to the call of
level 3, consequently channels are effectively utilized.

OBJECTS OF THE PRESENT INVENTION

In the multi-rate transmission of the conventional radio
communication system employing Code Division Multiple
Access (CDMA) system where codes having tree structured
orthogonal multi-spreading factor sequence are used, when
a code has been already assigned (in use), it is impossible to
assign all the codes upper than the code. This causes a
problem that the channel utilization is detcriorated. It is an
object of the present invention to utilize all the system (all
the branches) of the tree structure for assigning a code to be
responsive 10 a new call, in order to enhance the channel
utilization.

In the conventional art, a channel mismatch would occur
at the call ending, even if a channel match was kept at the
code assigning time of a new call starting. This somctimes
causes a problem that selecting a code to be assigned to a
new call is impossible. It is another object of the present
invention is to avoid the channel mismatch by switching a
code being used in communication. Consequently, call loss
rate can be reduced.

In the code assignment of the conventional radio com-
munication system employing CDMA system, it is neces-
sary for a base station and a mobile station to simultaneously
switch codes in order not to stop the communication under
way. However, as the base station does not have means for
judging a code switch timing over the mobile station, the
base station is troublesomely needed to simuitaneously
perform reception and transmission using both the codes
used before and after switching. It is another object of the
present invention to reduce the stop time caused by code
switching and the hardware needed for reception/transmis-
sion using both the codes between the base station and the
mobile station, by means of sending the code switching
timing from the base station.

In the code assignment of the conventional radio com-
munication system employing CDMA system, there is a
problem that much process is needed for synchronizing the
code switch timings in the base station and the mobile
station. It is another object of the present invention to reduce
the code switching process by means of depending on
mobile station’s own timing.

Namely, it is a general object of the present invention to
provide an apparatus and a method for effectively utilizing
the channel, comprising means in the base station to judge
a code switch timing over the mobile station, and reducing
the synchronization process.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, a code
assigning apparatus used in a radio communication system
including a base station controlling apparatus, a plurality of
base stations, and a plurality of mobile stations, employing
CDMA (Code Division Multiple Access) method, which
uses codes of tree structured orthogonal multi-spreading
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factor sequences as spreading codes, for radio access
between the plurality of base stations and the plurality of
mobile stations, and providing multi-rate transmission
between the plurality of mobile stations and the plurality of
base stations, the code assigning apparatus comprises

a code selecting unit for selecting an assignable code
which suits specifications requested by a new starting call
and exists in a location as close to a not-assignable code as
possible and in a level lower than the not-assignable code in
the tree structure.

According to another aspect of the present invention, the
code selecting unit of the code assigning apparatus com-
prises

a first selecting unit for selecting one or more than one
codes corresponding to rate information included in a mes-
sage from one of the plurality of mobile stations, as first
codes,

a second selecting unit for selecting one or more than one
first codes if they are assignable to the one of the plurality
of mobile stations, as second codes,

a level detecting unit for retrieving codes upper than the
second codes one by one, detecting not-assignable codes,
which are assigned to another of the plurality of mobile
stations, out of the codes upper than the second codes, as
third codes, and detecting each level of the third codes,

a third selecting unit for selecting one of the second codes
whose upper third code is in a lowesl level in the iree
structure, and

a code assigning unit for assigning the one of the second
codes selected by the third selecting unit to the one of the
plurality of mobile stations.

According to another aspect of the present invention, the
code assigning apparatus comprises

a code-switching/code-assignment processing unit,

when there is no assignable code which suits specifica-
tions requested by a new starting call, for making a code
which is not-assignable and suits the specifications
requested by the new starting call assignable by way of
switching an assigned code being used to another code
connected by a branch different from a branch used for the
assigned code in the tree structure.

According to another aspect of the present invention, the
code-switching/code-assignment processing unit of the code
assigning apparatus comprises

a first selecting unit for selecting one or more than one
codes comesponding to rate information included in a mes-
sage from the second mobile station, as first codes,

a second selecting unit for selecting one or more than one
first codes if they are assignable to the second mobile
station, as sccond codes,

a fourth selecting unit, when there is no second code, for
selecting one or more than oae first codes if their lower
codes have been assigned to the first mobile station, as fifth
codes,

an assigned code detecting unit for detecting a code lower
than the fifth codes and assigned to the first mobile station
as a fourth code,

a switchable code detecting unit for detecting a code to
which switchable from the fourth code, for the first mobile
station, as a sixth code,

a code switch directing unit for directing the first mobile
station to switch from the fourth code to the sixth code, and

an assigning unit for assigning a fifth code to the second
mobile station afier switching all the fourth codes to other
codes.
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According to another aspect of the present invention,

the code-switching/code-assignment processing unit
includes a code switch informing unit for informing that the
fourth code having been used by the first mobile station can
be switched to a sixth code,

one of the plurality of base stations includes a timing
information sending unit for sending timing information of
switching from the fourth code to the sixth code to the first
mobile station,

the first mobile station includes a code switching unit for
switching the fourth code to the sixth code based on the
informing of the code-switching/code-assignment process-
ing unit and the timing information of the one of the base
stations,

the one of the plurality of base stations includes a switch-
ing unit for switching downlink transmission codes at time
when the timing information is sent to the first mobile
station, and the code-switching/code-assignment processing
unit includes

a code releasing unit for rcleasing the fourth code used by
the first mobile station, at the time when the timing infor-
mation is sent to the first mobile station.

According to another aspect of the present invention, the
code-switching/code-assignment processing unit includes a
first code switching unit for informing the first mobile
station that a fourth code being used by the first mobile
station is to be switched to a sixth code,

one of the plurality of base stations includes a transmitting
unit for performing transmission using both the fourth code
and the sixth code to the first mobile station,

the first mobile station includes a regenerating unit for
receiving both the fourth code and the sixth code and
generating reception information by performing maximum
ratio combination, a second code switching unit for switch-
ing a state of synthesizing maximum ratio to a state of
receiving only the sixth code based on own timing, and a
switching complete informing unit for informing that code
switching has been completed in the first mobile station, and

the code-switching/code-assignment processing unit
includes a code releasing unit for releasing the fourth code
used by the first mobile station, based on the informing from
the first mobile station.

According 10 another aspect of the code assigning appa-
ratus of the present invention, the code selecting unit is
provided in either one of the plurality of base stations or the
base station controlling unit.

According to another aspect of the code assigning appa-
ratus of the present invention, the code-switching/code-
assignment processing unit is provided in either one of the
plurality of base stations or the base station controlling unit.

According to one aspect of a methcd of assigning codes
of the present invention, used in a radio communication
system including a base station controlling apparatus, a
plurality of base stations, and a plurality of mobile stations,
employing CDMA (Cede Division Multiple Access) which
uses codes of tree structured orthogonal multi-spreading
factor sequences as spreading codes, for radio access
between the plurality of base stations and the plurality of
mobile stations, and providing multi-rate transmission
between the plurality of mobile stations and the plurality of
base stations, the method of assigning codes comprises the
steps of

selecting one or more than one codes corresponding 1o
rate information included in a message from one of the
plurality of mobilc stations, as first codes, . :«
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selecting one or more than one first codes if they are
assignable to the one of the plurality of mobile stations, as
second codes,

retrieving codes upper than the second codes one by one,

detecting not-assignable codes, which are assigned to
another of the plurality of mobile stations, out of the codes
upper than the second codes, as third codes,

detecting each level of the third codes,

selecting one of the second codes whose upper third code
is in a lowest level in the tree structure, and

assigning the one of the second codes selected by the
above step to one of the plurality of mobile stations.

According to another aspect of the method of assigning
codes of the present invention comprises the steps of

selecting one or more than one codes corresponding to
rate information included in a message from the second
mobile station as first codes,

selecting one or more than one first codes if they are
assignable to the second mobile station as second codes,

when there is no second code, selecting one or more than
one first codes if their lower codes have been assigned to the
first mobile station, as fifth codes,

detecting a code lower than the fifth codes and assigned
to the first mobile station, as a fourth code,

detecting a code to which switchable from the fourth code
for the first mobile station, as a sixth code,

directing the first mobile station to switch from the fourth
code to the sixth code, and

assigning a fifth code to the second mobile station after
switching all the fourth codes to other codes.

According to another aspect of the method of assigning
codes of the present invention comprises the steps of

informing that a fourth code having been used by the first
mobile station can be switched to a sixth code,

sending timing information of switching from the fourth
code to the sixth code to the first mobile station,

switching the fourth code to the sixth code based on the
informing of the informing step and the timing information
of the sending timing information step,

switching downlink transmission codes based on the
timing information sent to the first mobile station, and

releasing the fourth code used by the first mobile station,
based on the timing information.

According to another aspect of the method of assigning
codes of the present invention comprises the steps of

informing the first mobile station that a fourth code being
used by the first mobile station is to be switched to a sixth
code, :

performing downlink transmission using both the fourth
code and the sixth code to the first mobile station,

receiving both the fourth code and the sixth code,

generating reception information by performing maxi-
mum ratio combination,

switching a state of synthesizing maximum ratio o a state
of receiving only the sixth code based on own timing,

informing that code switching has been completed in the
first mobile station, and

releasing the fourth code used by the first mobile station,
based on the informing from the first mobile station.

The above and other objects and features of the invention
will appear more fully hereinafter from a consideration of
the following description taken in connection with the
accompanying drawing wherein one example is illustrated
by way of example.
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BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 shows a configuration of radio communication
system applying a code assignment method according to the
present invention;

FIG. 2 illustrates sequence of a code assignment proce-
dure according to the present invention;

FIG. 3 shows a code structure used for the code assign-
ment procedure of FIG. 2;

FIG. 4 is a flowchart showing a process of the code
assignment procedure of FIG. 2;

FIG. 5 illustrates sequence of another code assignment
procedure according to the present invention;

FIG. 6 shows a code structure used for a code switching
procedure of FIG. 5;

FIG. 7 shows a code structure used for selecting a
code-switching candidate code;

FIG. 8 is a flowchart showing a process of the code
assignment procedure of FIG. 5;

FIG. 9 illustrates sequence of another code assignment
procedure according to the present invention;

FIG. 10 illustrates sequencc of anothcr code switching
procedure according to the present invention;

F1G. 11 shows a tree structure of codes having tree
structured orthogonal multi-spreading factor sequence, used
in a conventional art;

FIG. 12 shows a configuration of a code selecting unit in
a base station controller according to the present invention;

FIG. 13 shows a level list according to the prescnt
invention;

FIG. 14 shows configurations of a code selecting unit and
a code-switching/code-assignment processing unit, in a base
station controller according to the present invention;

FIG. 15 shows a switching list according to the present
invention;

FIG. 16 shows a system structure according to the present
invention; and

FIG. 17 shows a system structure according to the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Embodiment 1

FIG. 1 shows a configuration of radio communication
system applying a code assignment method according to the
present embodiment. FIG. 2 illustrates sequence of a code
assignment procedure according to the present embodiment.
FIG. 3 shows a code structure example of the code assign-
ment procedure of FIG. 2. FIG. 4 is a flowchart showing a
process of the code assignment procedure of FIG. 2. FIG. 12
shows a configuration of a base station controller 1. Refer-
ring to FIGS. 1, 2, 3, 4, and 12, onc embodiment of code
assignment performed in a base station 2 and the base station
controller 1 according to the present invention will he
described.

FIG. 1, showing a configuration of radio communication
system of the present embodiment and other cmbodiments,
is composed of plural mobile stations 3a, 35 and 3¢, plural
base stations 2a, and 2b, and the base station controlier 1
which controls the plural base stations 2a and 25. The
mobile stations 3a, 3b and 3¢ are just called as a “mobile
station 3" in the case of describing each mobile station being
unnecessary. The base stations 2a and 25 are also called as
a “base station 2" in the case of desctibing ;%;b%aés‘?station
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being unnecessary. The mobile station 3 is connected to the
base station 2 via a radio channel. The radio channel utilizes
the Code Division Multiple Access (CDMA) system as a
radio access system, and uses spreading codes having tree
structured orthogonal multi-spreading factor sequences.
According to the radio communication system of the present
embodiment, it is possible to set up multiple rates. Namely,
the base station 2 and the mobile station 3 can set up
channels of plural-kinds rates for each call, using the radio
channel. As orthogonal multi spreading codes are used, a
channel having a double transmission rate can be set up in
proportion as a code level goes up one by one.

FIG. 2 illustrates sequence of a code assignment proce-
dure in responsive to a call from the mobile station 3.
Referring to FIGS. 1 and 2, the code assignment procedure
regarding the base station controller 1, the base station 2 and
the mobile station 3 will now be explained. First, a radio
channel set-up request message is transmitted from the
mobile station 3 to the base station controller 1 via the base
station 2. The base station controller 1 analyzes the message
in order to detect a transmission rate requested by the mobile
station 3. The base station controller 1 determines a pair of
codes for transmission to be used by the mobile station 3 and
the base station 2, based on the code assignment process
stated later. Then, the base station controller 1 transmits the
radio channel set-up request message to the base station 2.

The radio channel set-up request message includes infor-
mation of the code pair. Receiving the message, the base
station 2 begins 1o prepare for reception/transmission based
on an appointed code, and transmits a radio channel set-up
complete message to the base station controller 1. On
receiving the radio channel set-up complete message, the
base station controller 1 transmits the radio channel set-up
complete message appointing the pair of codes to the mobile
station 3. After receiving the message, the mobile station 3
starts communication with the base station 2, based on the
appointed code.

As stated above, the communication channel between the
mobile station 3 and the base station 2 is set up based on the
request from the mobile station 3. A code selection process,
performed in the base station controller 1 for the mobile
station 3 and the base station 2 is explained with reference
to FIGS. 3, 4 and 12. FIG. 3 shows a tree structure of codes
having orthogonal multi-spreading factor sequence. In FIG.
3, the tree structure is composed of four levels; level 1 at the
top through level 4 at the bottom, defined just for conve-
nience. As there are four levels in this case, the channel
transmission rate using the top level (level 1) code is eight
times as fast as that of channel using the lowest level (level
4) code. The channel transmission rate using level 2 code is
four times the rate of channel using level 4 code. The
channel transmission rate using level 3 code is twice tlie rate
of channel using level 4 code.

Cx(y) in FIG. 3 represents a kind of codes; x stands for a
code level, y stands for an identification number in the same
code level, and .smallcircle. stands for a code. In the tree
structured orthogonal multi spreading sequence codes, codes
lower than a specific code being used (that is, larger number
level codes connected with the specific code by branches in
FIG. 3) can not be used because of keeping the orthogonality
characteristic. ’ i

In addition, codes upper than the specific code being used
(that is, smaller number level codes connected with the
specific code through only upward branches) also can not be
utilized. When C.sub.3(2) is being used in FIG. 3, C.sub.1
(1), C.sub.2(1), C.sub.4(3) and C.sub.4(4) can not be used.

8

Therefore, it is necessary to appropriately assign a code to
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by

a new call from the mobile station 3.

FIG. 12 shows a configuration of a code selecting unit 10
in the base station controller 1. FIG. 4 is a flowchart showing
code assignment processes, for the mobile station 3 and the
base station 2, performed in the code selecting unit 10. When
a first selector 11 of the base station controller 1 receives the
radio channel set-up request message from the mobile
station 3 (S0101), the first selector 11 analyses rate infor-
mation in the message (S0102), and determines a code level
needed for the mobile station 3 and the base station 2
(S0103). In FIG. 3, for instance, the code level requested by
the mobile station 3 is level 3. Secondly, a second selector
12 of the base station controller 1 selects candidate codes
which can be used in the determined level (S0104). In FIG.
3, C.sub.3(1), C.sub.3(3) and C.sub.3(4) are selected as the
candidate codes.

A level detector 13 of the base controller 1 selects a code
out of the candidate codes (S0105), selects another code in
a level one more upper than the selected code (S0106), and
judges whether or not the one more upper level code can be
assigned (S0107). In FIG. 3, if the candidate code is C.sub.3
(1), the one more upper level code is C.sub.2(1). Then, when
the one more upper level code is able 1o be assigned, the
judging procedure is repeated upwards along the branches
until it comes to a code which can not be assigned (S1018,
$0109). If a code that is not assignable is detected, the code
and its level are memorized in a level list 16 for each of the
candidate codes (S0107, $0110). When C.sub.3(1) in FIG. 3
is the candidate code, one more upper code C.sub.2(1) is not
assignable. Then, C.sub.3(1), C.sub.2(1) and the level 2 are
stored in the level list 16 as shown in FIG. 13. This
procedure is performed for each candidate code to complete
the level list 16 shown in FIG. 13 (S0111).

A third selector 14 selects a candidate code whose upper
not-assignable code has the lowest level, in the level list 16
(S0112). Then, the candidate code is selected to be assigned
to the mobile station 3 (S0113). If there are several candidate
codes whose upper not-assignable codes have the same code
level, any of the candidate codes can be selected. If a
candidate code has no upper not-assignable code, the top
level code is regarded as the upper not-assignable code. As
shown in FIG. 13, C.sub.2(1) being the upper not-assignable
code and level 2 are selected for the candidate code C.sub.3
(1) in FIG. 3. C.sub.1(1) and level 1 are for the candidate
code C.sub.3(3), and C.sub.1(i) and level 1 are for the
candidate code C.sub.3(4). Therefore, C.sub.3(1), whose
upper not-assignablé code is C.sub.2(1), is selected as a code
to be assigned. According to this assigning method, C.sub.3
(3) and C.sub.3(4) in FIG. 3 are not selected. The code
C.sub.3(1) is assigned to the mobile station 3 by a code
assigning unit 15. I a new call corresponding to level 2 is
requested afier the call corresponding to level 3 has been in
use as shown in FIG. 3, C.sub.2(2) can be assigned to the
new call.

According to the present assigning method, a channel
mismatch at the code assigning time of a new call starting,
caused by the tree structure characteristic, is avoided. There-
fore, a code assignment for multi-rate transmission can be
performed without deteriorating the channel utilization effi-
ciency. It is also acceptable to provide the code selecting unit
10 of FIG. 12 in the base station 2 instead of the base station”
controller 1.

P
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Embodiment 2

FIG. § illustrates a code assignment sequence showing a
code switching procedure, according to the present embodi-
ment. FIG. 6 shows a code structure applied for the code
switching procedure of FIG. 5. FIG. 7 shows a code struc-
ture used in selecting a candidate code for the code switch-
ing. FIG. 8 is a procedure flowchart for the code assignment
sequence of FIG. 5. FIG. 14 shows a configuration of the
base station controller according to the present embodiment.
Referring to FIGS. 1, 5, 6, 7, 8 and 14, the code assignment
according to the present embodiment will now be described.

The code switching is explained with reference to FIG. 6
showing a code assignment state change. The same code
definition as FIG. 3 is used in FIG. 6. As stated in Embodi-
ment 1, when a code has been already assigned to the mobile
station 3, it is impossible to newly assign a code in upper
level than the assigned code to another mobile station 3,
because of the characteristic of spreading codes having tree
structured orthogonal multi-spreading factor. In the left of
FIG. 6, as C.sub.4(1) and C.sub.4(3) have been already
assigned, it is impossible 10 assign C.sub.3(1) and C.sub.3
(2) to another mobile station 3. Accordingly, if there is a call
requesting a transmission rate corresponding to level 3 at
this time, the call is to be lost. By switching the code from
Csub.4(3) to C.sub.4(2), however, C.sub.3(2) can be
assigned, so that the call requesting the transmission rate
corresponding to level 3 is accepted.

Referring to FIGS. 1 and S, the code assignment proce-
dure and the code switching procedure regarding the base
station controller 1, the base station 2, and the mobile station
3 will now be explained. In FIG. 1, a mobile station #1 (3a)
has been already used, and a mobile station #2 (35) newly
makes a call. As shown in FIG. 5, the mobile station #2 (35)
transmits a radio channel set-up request message indicating
a transmission rate, to the base station controller 1 as stated
in Embodiment 1.

When there is no assignable code as shown in the left of
FIG. 6, it is necessary to perform code switching. Therefore,
the mobile station #1 (3a) and a code are selected for the
code switching, based on a method stated later. The radio
channel set-up request message is transmitted 10 a base
station 2a in order to assign the selected code to the mobile
station #2 (3b).

The base station 2a judges whether the code appointed in
the radio channel set-up request message can be used or not.
In this case, as the code is being used by the mobile station
#1 (3a), it is judged to be not usable. Then, a code switching
request is transmitted to the base station controller 1. On
receiving the code switching request from the base station
2a, the base station controller 1 transmits a code switching
request message including information of code after switch-
ing to the mobile station #1 (3a). In the case of FIG. 6, the
base station controller 1 defines C.sub.4(2) as the code
after-switching in the code switching request message.

When the mobile station #1 (3a) receives the code switch-
ing request message, the mobile station #1 (3a) switches the
original code to the target code (code after switching)
(Csub4(2) in FIG. 6), and transmits a code switching
complete message to the base station controller 1. The base
station controller 1 judges, by receiving the code switching
complete message, that the code has been switched in the
mobile station #1 (3a). (The state has been changed from the
left side to the right side in FIG. 6.) Then, the base station
controller 1 transmits the code switching complete message
to the base station 2a. After receiving the code switching
complete message, the base station 2 transmits a radio
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channel set-up complete message to the base station con-
troller 1. The base station controller 1 transmits the radio
channel set-up complete message to the mobile station #2
(30) in order to assign an assignable and requested-level
code whose level is corresponding to the transmission rate
requested by the mobile station #2 (3b) (that is, C.sub.3(2)
in FIG. 6). .

By performing the above procedures, a new radio channel
requested by the mobile station 3 has been set up between
the mobile station 3 and the base station 2. Now, the code
switching procedure, for the mobile station #1 (3a) and the
base station 2a, performed in the base station controller 1,
and the code assigning procedure, for the mobile station #2
(36) and the base station 2a, performed in the controller 1 are
explained with reference to FIGS. 7, 8 and 14. Similar to
FIG. 3, FIG. 7 shows a tree structure of codes having
orthogonal multi-spreading factor sequence. The candidate
code/not-assignable in the figure represents an unused code
which is corresponding to a requested transmission rate and
whose lower level code has been already assigned. FIG. 14
shows a configuration of a code-switching/code-assignment
processing unit 20 in the base station controller 1. FIG. 8 is
a flowchart showing a code switching and a code assigning
process performed in the code-switching/code-assignment
processing unit 20.

Similar to Embodiment 1, when the first selector 11 of the
base station controller 1 receives the radio channel set-up
request message from the mobile station #2 (35) (S0101),
the first selector 11 analyzes rate information in the message
(50102) and determines a code level in the tree structure
corresponding to the rate information (S0103). In FIG. 7, for
instance, the code level corresponding to the rate informa-
tion is level 3. The second selector 12 of the base station
controller 1 retrieves an assignable code of the determined
level (S0104). When there is no assignable candidate code of
the determined level (S0201), a fourth selector 21 selects a
code which is not assignable and has not been itself
assigned, as a candidate code (S0204). In FIG. 7, C.sub.3(1)
and C.sub.3(2) are such codes. In the case of there being no
code which is not assignable and has not been itself assigned
yet (S6202: No), the original call becomes lost (S0203).

An assigned code detector 22 selects a code out of
candidate codes (C.sub.3(2) in FIG. 7) (S0205), and detects
an assigned code in lower level than the selected candidate
code. (In FIG. 7 case, C.sub.4(3)) (S0206). A switchable
code detector 23 retrieves codes to see whether there is a
swilchable code at the same level as the above assigned code
or not. (S0208). When there is a switchable code in the same
level as the assigned code (C.sub.4(2) in FIG. 7), the
candidate code (C.sub.3(2)), the assigned code (C.sub.4(3))
and the switchable code (C.sub.4(2)) are stored in a switch-
ing list 26 as shown in FIG. 15 (S0210). This procedure is
performed for every candidate code and every assigned code
at the lower level than the candidate code. (50207, S0209,
S0211). In the case of there being candidate codes, the
switchable code detector 23 selects one candidate code
having the least number of assigned codes at its lower level,
as an assignment target code (S0213).

In the above case, all the assigned codes have their
switchable codes in the same level. In FIG. 7, there are two
candidate codes: C.sub.3(1) and C.sub.3(2). As shown in
FIG. 15, either of C.sub3(1) and C.sub.3(2) has one
assigned code (C.sub.4(1) is for C.sub.3(1), and C.sub.4(3s)
is for C.sub.3(2)), and both the candidate codes C.sub.3(1)
and C.sub.3(2) have their switchable codes (C.sub.4(4) for
C.sub.3(1) and C.sub.4(2) for C.sub.3(2)) in the same level
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(level 4). Therefore, either of C.sub.3(1) and C.sub.3(2) can
be selected as the assignment target code.

A code switch directing unit 24 switches the assigned
code at the lower level of the selected assignment target code
to the stored switchable code (S0214). In the case of
selecting C.sub.3(2) as the assignment target code in FIG. 7,
C.sub.4(3) is switched to C.sub.4(2). The code used by the
mobile station #1 (3a) in FIG. 5 is corresponding to the
assigned code. An assigning unit 25 assigns the selected
assignment target code to the mobile station #2 (3b)
(S0215).

The switching possibility is checked for all the assigned
codes at the lower level of all the candidate codes, in the
present embodiment. The checking process, however, can be
completed at the first time of detecting a candidate code
which has-an assigned code to be switched at the lower level.

Even when a channel mismatch exists, according to the
present embodiment, the call loss rate is reduced because a
new high rate call can be achieved by switching a code being
used in the mismatch channel. It is also acceptable to
provide the code selecting unit 10 and the code-switching/
code-assignment processing unit 20 of FIG. 14 in the base
station 2 instead of the base station controller 1.

Embodiment 3

FIG. 9 illustrates a code assignment sequence showing a
code switching procedure, according to the present embodi-
ment. FIG. 16 shows a system structure. Referring to FIGS.
1, 9, and 16, the code switching according to the present
embodiment will be explained below.

As stated in Embodiment 2, it is sometimes necessary to
switch codes during the communication. The code switching
during the communication should be simultaneously per-
formed at the base station 2 and the mobile station 3 in order
not to stop the communication and so as to reduce interfering
in other communication. The simultaneous switching is
performed based on code switch timing information sent
from a timing information sending unit 33 in the base station
2 to the mobile station 3. FIG. 9 illustrates procedures of
sending the code switch timing information from the base
station 2 to the mobile station 3.

The procedures, from transmitting a radio channel set-up
request message by the mobile station #2 (34) up to trans-
mitting a code switching request message to the mobile
station #1 (3a) by the base station controller 1, are the same
as Embodiment 2 shown in FIG. 5. Therefore, procedures
after the above will now be described in the present embodi-
ment. A code switch informing unit 31 of the base station
controller 1 transmits a code switching request message
indicating a target code (code after switching) to the mobile
station #1 (3a). On receiving the code switching request
message, a code switching unit 35 of the mobile station #1
(3a) starts preparing for the code switching and transmits a
code switching response message to the code switch inform-
ing unit 31 of the base station controller 1.

After receiving the code switching response message, the
code switch informing unit 31 transmits the message indi-
cating that the code of the mobile station #1 (3a) can be
switched, to the base station 2a. Receiving the code switch-
ing response message, the timing information sending unit
33 of the base station 2a transmits a code switching start
message to the mobile station #1 (3a). This code switching
start message includes start timing information for the code
switching. Then, if the radio channel is composed of frames,
the code switching start message can be time information
per frame.
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It is acceptable to switch at the time of frame N (N is equal
to 1 or an integer more than 1) after receiving the code
switching start message. It is also acceptable for the timing
information to use a code period of the spreading code.
Thus, a switching unit 34 is synchronized with the code
switching unit 35 in order to switch the code.

Receiving the code switching start message, the code
switching unit 35 of the mobile station #1 (3a) switches the
original code (code before switching) to the target code
(code after switching) based on the time prescription speci-
fied in advance, using the timing information in the message.
Then, the code switching unit 35 transmits a code switching
complete message to the timing information sending unit 33
in the base station 2a using the target code. By receiving the
code switching complete message, the timing information
sending unit 33 judges that the code switching has been
properly completed, and transmits the code switching com-
plete message to the base station controller 1. By receiving
the code switching complete message, a code releasing unit
32 of the base station controller 1 judges that the code used
by the mobile station #1 (3a) has been released, and trans-
mits a radio channel set-up complete message for assigning
the code used by the mobile station #1 (3a) to the mobile
station #2 (3b).

As the code switch timing between the mobile station 3
and the base station 2 can be set up according to the present
embodiment, it is not necessary for the base station 2 to
simultaneously perform reception and transmission using
both the original code and the target code. Consequently,
interfering with other communications is reduced.

Embodiment 4

FIG. 10 illustrates a code assignment sequence showing a
code switching procedure using the maximum ratio combi-
nation of the mobile station 3, according to the present
embodiment. FIG. 17 shows a system structure. Referring to
FIGS. 10 and 17, the code switching according to the present
embodiment will now be described.

The procedures, from transmitting the radio channel set-
up request message by the mobile station #2 (3b) up to
transmitting the code switching request message by the base
station 2a to the base station controller 1, are the same as
Embodiment 2 shown in FIG. §. Therefore, procedures after
the above will now be described in the present embodiment.

As shown in FIG. 10, after the base station 2a sends the
code switching request message to the base station coatroller
1, a transmitting unit 43 of the basc station 2a performs
reception and transmission with a regenerating unit 44 of the
mobile station #1 (3a) using both the original code (code
before switching) and the target code (code after switching).
When the base station controller 1 receives the code switch-
ing request message from the base station 2a, a first code
switching unit 41 of the base station controller 1 transmits
the message to the mobile station #1 (3a), and instructs the
regenerating unit 44 of the mobile station #1 (3a) to switch
the code. On receiving the code switching request message,
the regenerating unit 44 begins 1o receive signals based on
the maximum ratio combination, using both the original
code (code just in use) and the target code appointed by the
code switching request message.

Regarding the transmission, either of the following meth-
ods is acceptable. One is to independently switch the code
by using a second code switching unit 45 of the mobile
station #1 (3a). The other is to transmit signals from the
mobile station #1 (3a) with using both the original code in
use and the target code. In this casc of transmitting with
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using both the codes, it is also acceptable to perform the
maximum ratio combination at the base station 2.
When the second code switching unit 45 of the mobile
station #1 (3a), in which the reception has been performed
by the regenerating unit 44 based on the maximum ratio
combination, begins to independently receive signals using
the target code only, a switching complete informing unit 46
of the mobile station #1 (3a) transmits a code switching
complete message to a code releasing unit 42 of the base
station controller 1 with using the target code. Then, the
code releasing unit 42 judges that the code having been used
in the mobile station #1 (3a) until this time is released and
the code switching is completed. The code releasing unit 42
transmits the code switching complete message to the base
station 2a. On receiving the code switching complete mes-
sage from the base station controller 1, the base station 2a
stops transmitting signals to the mobile station #1 (3a) using
the original code, releases the original code, prepares for the
reception and the transmission with the mobile station #2
(3b) using the original code, and transmits a radio channel
set-up complete message to the base station controller 1.
After receiving the radio channel set-up complete mes-
sage from the base station 2a, the base station controller 1
transmits the message indicating to set up the original code,
having been used in the mobile station #1 (3a), for the
mobile station #2 (3b). As stated above, the code switching
process using the maximum ratio combination has been
performed.
According, to the present embodiment procedures, the
code switch timing can be achieved based on own timing of
the mobile station 3 without deteriorating the channel qual-
ity. Namely, the time needed for code switching can be
reduced.
In addition, it is also acceptable that the code assignment
is controlled by the base station 2 instead of the base station
controller 1.
Having thus described several particular embodiments of
the invention, various alterations, modifications, and
improvements will readily occur to those skilled in the art.
Such alterations, modifications, and improvements are
intended to be part of this disclosure, and are intended to be
within the spirit and scope of the invention. Accordingly, the
foregoing description is by way of example only, and not
intended to be limiting. The invention is limited only as
defined in the following claims and the equivalents thereto.
What is claimed is:
1. A radio communication method of a mobile station used
for a radio communication system employing CDMA<Code
Division Multiple Access) for radio access and providing
multi-rate transmission, the radio communication system
including a base station controlling apparatus, a plurality of
base stations, and a plurality of mobile stations, the mobile
station being one of said plurality of mobile stations, the
radio communication method comprising steps of:
receiving code information by message from the base
station controlling apparatus or from one of said plu-
rality of base stations, said code information for switch-
ing a first code being used to a second code;

receiving timing information by message, said timing
information including an integer representing a frame
at which the first code is switched to the second code;

switching from the first code to the second code based on
the code information and the timing information
received, said step of switching performed in synchro-
nization with switching from the first code to the
second code at the one of the plurality of base stations;
and ’
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transmitting a completion message from said mobile
station to the base station controlling apparatus or to the
one of said plurality of base stations to indicate comple-
tion of the step of switching from the first code to the
second code, wherein

the timing information is used to synchronize the switch-

ing at the mobile station with the switching at the one
of plurality of base stations.

2. A mobile station used for a radio communication
system employing CDMA (Code Division Multiple Access)
for radio access and providing multi-rate transmission, the
radio communication system including a base station con-
trolling apparatus, a plurality of base stations, and a plurality
of mobile stations, the mobile station being one of said
plurality of mobile stations, the mobile station comprising;

a switching unit configured to receive code information

by message from the base station controlling apparatus
or from one of said plurality of base stations, said code
information for switching a first code being used to a
second code, said switching unit further configured to
receive timing information by message, said timing
information including an integer representing a frame
at which the first code is switched to the second code,
said switching unit further configured to switch from
the first code to the second code based on the code
information and the timing information received and in
synchronization with a switching from the first code to
the second code at one of a plurality of base stations,
said switching unit further configured to transmit a
completion message to the base station controlling
apparatus or to the one of said plurality of base stations
to indicate completion switching from the first code to
the second code, wherein

the timing information is used to synchronize the switch-

ing at the mobile station with the switching at the one
of plurality of base stations.
3. A radio communication method of a mobile station used
for a radio communication system employing CDMA (Code
Division Multiple Access) for radio access and providing
multi-rate transmission, the radio communication system
including a base station controlling apparatus, a plrality of
base stations, and a plurality of mobile stations, the mobile
station being one of said plurality of mobile stations, the
radio communication method comprising steps of:
receiving code information by message from the base
station controlling apparatus or from one of said plu-
rality of base stations, said code information for switch-
ing a first code being used to a second code;

receiving timing information by message, said timing
information including an integer representing a frame
at which the first code is switched to the second code
at said mobile station;

switching from the first code to the second code at said

frame represented by said integer; and

transmitting from said mobile station a completion mes-

sage to the base station controlling apparatus or to the
one of said plurality of base stations to indicate comple-
tion of the step of switching from the first code to the
second code, wherein

the timing information is further configured to cnable the

one of a plurality of base stations to switch from the
first code to the second code at said frame represented
by said integer.

4. A mobile station used for a radio -communication
system employing CDMA (Code Division Multiple Access)
for radio access and providing multi-rate transmission, the

radio communication system including a base station con-

co L
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trolling apparatus, a plurality of base stations, and a plurality at said frame represented by said integer, said switching
of mobile stations, the mobile station bemg one of said unit! further conﬁgured to transmit a comp]e[ion mes-
plurality of mobile stations, the mobile station comprising: sage to the base station controlling apparatus or to the
a switching unit configured to receive code information one of said plurality of base stations to indicate comple-
by message from the base station controlling apparatus s tion switching from the first code to the second code,

or from one of said plurality of base stations, said code
information for switching a first code being used to a
second code, said switching unit further configured to

wherein
the timing information is further configured to enable the
receive timing information by message, said timing one of a plurality of base stations to switch from the
information including an integer representing a frame 10 first code to the second code at said frame represented
at which the first code is switched to the second code by said integer.
at said mobile station, said switching unit further con-
figured to switch from the first code to the second code * % x s %
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7 ABSTRACT

The communication system comprises a transmitter (1A)
and a receiver (2A). Both, the transmitter (1A) and the
receiver (2A) are capable of operating in a normal mode or
a compressed mode in which setting of a predetermined idle
time is allowed. The transmitter (1A) effects transmission
power control to a frame in each mode. When operating in
the compressed mode, the transmitter (LA) inserts of the idle
time in such a manner so as to reduce adverse affect of 2
transmission power control error that occurs after the idle
time.
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COMMUNICATION SYSTEM,
TRANSMITTER, RECEIVER, AND
COMMUNICATION METHOD

CROSS REFERENCES

This application is a2 Continuation of co-pending Interna-
tional Application PCT/JP00/04288, which has not been
published in English, has an International filing date of Jun.
29, 2000, and has a priority date of Aug. 27, 1999, based on
Japanese-Laid-Open-Document No. JP11-241217. The
entire disclosure of both of these documents is hereby
incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a communication system
adaplable to a radio communication, such as a mobile
communication and a satellite communication. More
particularly, this invention relates to a communication
system, a transmitter, a receiver, and a communication
method capable of reducing characteristics deterioration at
compressed mode transmission in a CDMA (Code Division
Multiple Access) communication system.

BACKGROUND ART

A conventional communication system will be explained
here. For example, in the CDMA cellular system, the same
carrier frequency is repetitively used within a cell, and
handover between the frequencies is not necessary within
the same cell. However, when the CDMA cellular system
coresides with the existing system, handover between dif-
ferent carrier frequencics becomes necessary. Three con-
crete examples of handover between different carrier fre-
quencies are given below.

The first example is the handover of the frequency
between adjacent cells. When different carrier frequencies
are assigned to adjacent cells, because the traffic is heavy
due to of an increase of the number of subscribers, handover
becomes necessary betwecen such cells. The second example
is the handover of the frequency between cells of the
umbrella structure. For example, when the umbrella struc-
ture is formed, different carrier frequencies are assigned to
large and small cells, and the handover is necessary between
these cells. The third example is the handover of the
frequency between the third generation system represented
by the W(Wide)-CDMA system and the second generation
system represented by the current cellular phone system.

When the bandover takes place under the foregoing
conditions, it is necessary to detect the power of different
frequency carriers. In order to perform such detection, the
receiver must be able to detect two frequencies. However, if
the receiver is to detect two frequencies, the necessary
structure makes the arrangement of the receiver either larger
in size or complex in structure.

The handover method includes two types: handover led
by a mobile station (Mobile Assisted Handover: MAHO)
and handover led by a network (Network Assisted Han-
dover: NAHO). In NAHO, the load on the mobile station is
less as compared to MAHO, however, synchronization with
cach mobile station becomes necessary in the base station.
Furthermore, in NAHO, in order to trace each mobile station
separately, the arrangement of the base station/network
becomes complex and huge.

Thus, MAHO is preferable from the point of view from
the mobile station. However, in order to judge whether the
handover should take place or not, intensities of two differ-
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ent frequency carriers have to be observed. Different from
the TDMA (Time Division Multiple Access) system used in
the second generation, the CDMA cellular system generally
uses continuous transmission for both transmission and
reception. Hence, in order to observe the intensities of two
different frequency carriers, the transmission or reception
timing has to be suspended to observe the other frequency
unless a receiving device capable of handling two frequen-
cies is prepared.

Accordingly, in the conventional communication system,
a technique related to a compressed mode has been
proposed, in which transmission information in the normal
mode is ime compressed, so that the compressed informa-
tion is transmitted in a shorter time and the other frequency
carrier is observed in the remaining time. One cxample is
described in PCT Unexamined patent Publication No.
8-500475 entitled as “Discrete Transmission for Scamless
Handover in DS-CDMA System”. This publication discloses
means 10 attain a compressed mode for cutting a data
transmission time shorter by reducing a spreading factor of
used spreading codes.

The compressed mode disclosed in the above publication
will be explained in brief. FIG. 20 is a view showing a
transmission example in the normal mode and compressed
mode in the conventional CDMA ccllular system. Vertical
axis represents the power rate/transmission power and hori-
zontal axis represents time. Compressed mode transmission
is interposed between normal transmission frames. For
example, in case of transmission in the compressed mode, a
non-transmission time is set within a descending frame
(compressed frame). The time length can be set arbitrarily.
The non-transmission time is used as an idle time during
which the intensity of the other frequency carrier is mea-
sured. As has been discussed, in the conventionai CDMA
cellular system, interposing the idle time between the com-
pressed mode frame transmissions allows slot transmission.

Also, at the foregoing compressed mode transmission, the
transmission power increases with a time ratio between the
idle time and frame (compressed mode frame) transmission
time. Thus, as is shown in FIG. 20, the compressed mode
frame is transmitted at higher transmission power than the
normal transmission frame. Consequently, it is possible to
maintain the transmission quality at the frame transmission
in the compressed mode.

Besides the foregoing publication, the references as to the
compressed mode include Gustafsson, M. et. al,, “Com-
pressed Mode Techniques for Inter-Frequency Measure-
ments in a Wide-band DS-CDMA System”, Proc. of 8th
IEEE PIMRC, ’97. The latter publication discloses means to
attain the compressed mode in case of increasing a coding
rate, using multi-code transmission, or using multi-bit trans-
mission modulation system, such as 16 QAM, besides the
case of reducing the spreading factor.

On the other hand, in the conventional CDMA cellular
system, in order 1o solve the “perspective (near-and-far)
problem” that an undesired signal from a nearby station
interferes with a desired signal from a remote station,
transmission power control to the mobile station is effected
so that the reception power in each base station will be equal.
Hence, in the conventional CDMA cellular system, the
channel state that is changed with time by adverse affect,
such as fading, is corrected, so that not only can the required
communication quality be secured at the receiver station, but
also the line capacity can be utilized efficiently. The follow-
ing description will describe the transmission power control
in the conventional communication system with reference tg-
the accompanying drawings. g
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FIG. 21 is a view showing the transmission power control
at the normal mode transmission in the conventional com-
munication system. To begin with, the receiver station
determines reception power on the target such that meets the
required communication quality, that is, target power. Here,
the required communication quality on the target is not
limited to the reception power, and may be a power ratio
(SIR: Signal-to-Interference Ratio) between a desired signal
and an interference signal instead. Then, the receiver station
compares the power of the received desired signal with the
target power, and if the former is greater than the latter, the
receiver station sends a transmission power control com-
mand (TPC) to the transmitter station to lower the transmis-
sion power, and if the former is smaller than the latter, the
receiver station sends a TPC command to the transmitter
station to increase the transmission power. Upon receipt of
the TPC command, the transmitter station changes the
transmission power by using prescribed power amplitude: A
in accordance with the content in the TPC command. Here,
the transmission power control is performed per time unit
called as a slot to follow a change in the channel state
(channel state) shown in the drawing. Either a fixed value or
a value that varies in accordance with a certain rule is given
as the value of A.

FIG. 22 is a view showing the transmission power control
at the compressed mode fransmission in the conventional
communication system. The target power is not changed
between the normal mode transmission and compressed
mode transmission for ease of explanation. However, in
general, there is a case that the set value of the target power
is changed so as to ensure the required quality at the
compressed mode transmission. Basic operations at the
compressed mode transmission, such as following a change
in the channel state, are the same as those at the normal
mode transmission. However, at the compressed mode
transinission, the receiver station does not receive a signal
during the idle time in the compressed mode, and thecefore,
the receiver station cannot send a transmission power con-
trol command (TPC) to the transmitter station properly. This
disables the transmission side to follow a change in the
channel state, and when the transmission is resumed, a
signal is sent on the transmission power immediately before
shifting to the compressed mode as is shown in the drawing,
thereby causing a “transmission power control error”.
Accordingly, in the conventional communication system,
the transmission power control error caused by the com-
pressed mode transmission is converged as soon as possible
by employing a method of increasing the power amplitude
A, for example. Hereinafter, a period since the transmission
is resumed until the transmission power control error is
converged (that is, a period until the reception power is
restored in the vicinity of the target power) is referred 1o as
a transmission power control convergence time.

Furthermore, in the conventional communication system,
in order to achieve an interleave effect, the setting position
of the:idle time (non-transmission time) in the compressed
mode is placed near the center of the frame formed by a
plurality of slots as shown in FIG. 23, so that interleave is
effected per base unit of a frame. In order to achieve a
satisfactory interleave effect, it is more preferable to place
the idle time near the center of the frame where bits within
the frame can be dispersed with time than to place the idle
time at the end of the frame to narrow the bits region after
the interleave.

However, in the foregoing conventional communication
systern, a data volume within one frame is compensated with
the actual transmitting time being compressed at the com-
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pressed mode transinission, and for this reason, a method of
increasing a transmission rate by lowering the spreading
factor or a method of increasing the transmission rate by
reducing a coding rate is employed. Hence, as was discussed
above as the prior art, in case that the idle time is placed near
the center of the frame, slots wilh a lower spreading factor
or slots with a reduced coding rate are placed in the
transmission power control convergence time as shown in
FIG. 23, which results in considerable deterioration in signal
decoding accuracy. In shon, the conventional communica-
tion system has a problem that adverse affect of the trans-
mission power control error caused by the idle time is much
greater than in the normal frame.

In addition, in the conventional communication system, in
order to reduce the transmission power control error caused
by the idle time, there has been proposed a method, in which
the idle time is dispersed to more than one position so as to
be placed discretely with time. However, according to the
proposed method, each idle time is short, and when consid-
eration is given to processing time or the like, there arises a
problem that efficicncy is reduced when observing the
intensity of a different frequency carrier.

The present invention is devised to solve the above
problems. It is an object of the present invention to obtain a
communication system, a transmitter and a receiver, and a
communication method capable of reducing adverse affect
of the transmission power control error caused by the idle
time without dispersing the idle time at the compressed
mode transmission within a frame.

DISCLOSURE OF THE INVENTION

A communication system of the present invention, includ-
ing a transmitter and a receiver both capable of operating in
a normal mode or a compressed mode in which setting of a
predetermined non-transmission time is allowed, the trans-
mitter effecting transmission power control to a frame in
each mode, wherein, when operating in the compressed
mode, the transmitter changes a position of the non-
transmission lime in such a manner so as to minimize
adverse affect of a transmission power control error that
occurs after the non-transmission time.

According to the above-mentioned aspect, the position of
the non-transmission time (idle time) in the compressed
mode is changed in such a manner so as to minimize adverse
affect of a transmission power control error that occurs after
the non-transmission time, for example, with consideration
given to the adverse affect of the transmission power control
error and the interleave effect. Thus, different from the
conventional method, it is not necessary fo adapt a method
of dispersing the non-transmission time at the compressed
mode transmission within a frame.

According to the communication system of another aspect
of the present invention, when the unit of interleaving is set
to one frame, the transmitter places the non-transmission
time in the compressed mode rearward from a ceater of a
compressed frame.

According to the above-mentioned aspect, adverse affect
of the transmission power control error is taken into
consideration, and the position of the non-transmission time
in tbe compresséd mode is determined so as to be placed
rearward from the center of the compressed frame, for
example, thereby allowing observanon of a different fre-
quency carrier within the non-transmission time.

According to the communication system of another aspect
of the present invention, the transmitter places data of at
least one slot after the non-transmission time within the
compressed frame, so that a satisfactory interleave effe
achieved.
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According 1o the above-mentioned aspect, the position of
the non-transmission time in the compressed mode is deter-
mined so as to be placed rearward from the center of the
compressed frame, for example, with consideration given to
the adverse affect of the transmission power control error
and the interlcave effect, and further, data of at least one slot
is placed after the non-transmission time within the com-
pressed frame, thereby allowing observation of a different
frequency carrier within the non-transmission time.

According to the communication system of another aspect
of the present irivention, when the unit of interleaving is set
to one frame and the non-transmission time extends over
two frames, the transmitter places the non-transmission time
in the compressed mode longer in a first frame and set
relatively shorter in a second frame.

According to the above-mentioned aspect, the non-
transmission time is set relatively longer in a first frame and
set relatively shorter in a second frame, so that a satisfactory
interleave effect can be achieved even when the non-
transmission time extends over first and following second
frames with consideration given to adverse affect of the
transmission power control error to the second frame.

According to the communication system of another aspect
of the present invention, the receiver estimates maximum
Doppler frequency, compares the estimated maximum Dop-
pler frequency with a preset threshold of the maximum
Doppler frequency, and when the estimated maximum Dop-
pler frequency is higher than the threshold, negotiates with
the transmitter not to effect control as to a change of the
position of the non-transmission time and when the esti-
mated maximum Doppler frequency is lower than the
threshold, the transmitter places the non-transmission time
in the compressed mode rearward from the center of the
compressed frame.

According to the above-mentioned aspect, the estimated
value of the maximum Doppler frequency is compared with
the preset threshold of the maximum Doppler frequency, and
when a frequency of the estimated value is lower than the
threshold, the non-transmission time is placed rearward in
the compressed frame. On the other hand, when the fre-
quency of the estimated value is higher than the threshold,
negotiation is made so as not to adjust the non-transmission
time, and the non-transmission time is placed near the center
of the compressed frame. In other words, the position of the
non-transmission time in the compressed frame is changed
in response to the pitch of the fading frequency.

According to the communication system of another aspect
of the present invention, the transmitter and receiver set a
step size of power in transmission power control larger than
a predetermined value set as a reference value through
negotiation, and reduce a number of slots needed for the
transmission power control error convergence that occurs
after the non-transmission time.

According to the above-mentioned aspect, the step sizc of
the transmission power control is determined in response to
the fading frequency, and further, by estimating the trans-
mission power control error convergence time based on the
step size, the non-transmission time is set with consideration
given to the adverse affect of the transmission power control
error caused by the non-transmission time and the interleave
effect.

According to the communication system of another aspect
of the present invention, in an area where moving at a high
speed is expected, the control as to a change of the position
of the non-transmission time is not effected, and in an area
where moving at a high speed is not expected, the non-
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transmission time in the compressed mode is placed rear-
ward from the center of the compressed frame.

According to the above-mentioned aspect, by estimating
the fading frequency based on the largeness of the cell
radius, the non-transmission time is set with consideration
given to the adverse affect of the transmission power control
error caused by the non-transmission time and the interleave
effect.

A transmitter of another aspect of the present invention
for operating in a normal mode or a compressed mode in
which setting of a predetermined non-transmission time is
allowed and effecling transmission power control to a frame
in each mode wherein, when operating in the compressed
mode, changing a position of the non-transmission time in
such a manner so as to minimize adverse affect of a
transmission power control error that occurs afler the non-
transmission time.

According to the above-mentioned aspect, the position of
the non-transmission time in the compressed mode is
changed in such a manner so as to minimize the adverse
affect of the transmission power control error that occurs
after the non-transmission time, for example, with consid-
eration given to the adverse affect of the transmission power
control error and the interleave effect.

According to the transmitter of another aspect of the
present invention, when the unit of interleaving is set to one
frame, placing the non-transmission time in the compressed
mode rearward from a center of a compressed frame.

According 1o the above-mentioned aspect, adverse affect
of the transmission power control error is taken into
consideration, and the position of the non-transmission time
in the compressed mode is determined so as to be placed
rearward from the center of the compressed frame, for
example, thereby allowing observation of a different fre-
quency carrier.

According to the transmitter of another aspect of the
present invention, placing data of at least one slot after the
non-transmission time within the compressed frame, so that
a satisfactory interleave effect is achieved.

According to the above-mentioned aspect, the position of
the non-transmission time in the compressed mode is deter-
mined so as to be placed rearward from the center of the
compressed frame, for example, with consideration given to
the adverse affect of the transmission power control error
and the interleave effect, and further, data of at least one slot
is placed after the non-transmission time within the com-
pressed frame, thereby allowing observation of a different
frequency carrier.

According to the transmitter of another aspect of (he
present invention, when the unit of interleaving is set to one
frame and the non-transmission lime extends over (wo
frames, placing the non-transmission time in the compressed
mode longer in a first frame and set relatively shorter in a
second frame.

According to the above-mentioned aspect, the non-
transmission lime is set relatively longer in a first frame and
set relatively shorter in a second frame, so that a satisfactory
interleave effect can be achieved. even when the non-
transmission time extends over first and following second
frames with consideration given to the adverse affect of the
transmission power control error to the second frame.

According to the transmitter of another aspect of the
present invention, through negotiation with a receiver, set-
ling a step size of power in transmission power control larger
than a predetermined value set as a reference value, 2
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reducing a number of slots needed for the transmission
power control error convergence that occurs after the non-
transmission time.

According to the above-mentioned aspect, the step size of
the transmission power control is determined in response to
the fading frequency, and further, by estimating the trans-
mission power control error convergence time based on the
step size, the non-transmission time is set with consideration
given to the adverse affect of the transmission power coatrol
error caused by the non-transmission time and the interleave
effect.

A receiver of another aspect of the present invention
estimates maximum Doppler frequency, compares the esti-
mated maximum Doppler frequency with a preset threshold
of the maximum Doppler frequency, and when the estimated
maximum Doppler frequency is higher than the threshold,
negotiates with a transmitter not to effect control as to a
change of the position of the non-transmission time.

According to the above-mentioned aspect, the estimated
value of the maximum Doppler frequency is compared with
the preset threshold of the maximum Doppler frequency, and
when a frequency of the estimated value is higher than the
threshold, negotiation is made so as not to adjust the
non-transmission time, and the non-lransmission time is
placed near the center of the compressed frame.

According to the receiver of another aspect of the present
invention, through negotiation with a transmitter, setting a
step size of power in transmission power control larger than
a predetermined value set as a reference value, and reducing
a number of slots necessary for a transmission power control
error that occurs after the non-transmission time to con-
verge.

According to the above-mentioned aspect, the step size of
the transmission power control is determined in response to
the fading frequency, and further, by estimating the trans-
mission power control error convergence time based on the
step size, the non-transmission time is st with consideration
given to the adverse affect of the transmission power control
error caused by the non-transmission time and the interleave
effect.

A communication method of another aspect of the present
invention comprises a transmission step and a reception siep
operating in a normal mode or a compressed mode in which
setting of a predetermined non-transmission time is allowed,
the transmission step including effecting of transmission
power control, wherein, when operating in the compressed
mode, a position of the non-transmission time is changed in
the transmission step in such a manner so as to minimize
adverse affect of a transmission power control error that
occurs after the non-transmission time.

According to the above-mentioned aspect, the position of
the non-transmission time in the compressed mode is
changed in such a manner so as to minimize adverse affect
of a transmission power control error that occurs after the
pon-transmission time, for example, with consideration
given to the adverse affect of the transmission power control
error and the interleave effect.

According to the communication method of another
aspect of the present invention, when the unit of interieaving
is set to one frame, in the transmission step, the non-
transmission time in the compressed mode is placed rear-
ward from a center of a compressed frame.

According to the above-mentioned aspect, adverse affect
of the transmission power control error is taken into
consideration, and the position of the non-transmission time
in the compressed mode is determined so as to be placed
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rearward from the center of the compressed frame, for
example, thereby allowing observation of a differcnt fre-
quency carrier.

According 1o the communication method of another
aspect of the present invention, in the transmission step, data
of at least one slot is placed after the non-transmission time
within the compressed frame, so that a satisfactory inter-
leave effect is achieved.

According 10 the above-mentioned aspecl, the position of
the non-transmission time in the compressed mode is deter-
mined so as 1o be placed rearward from the center of the
compressed frame, for example, with consideration given to
the adverse affect of the transmission power control error
and the interleave effect, and further, data of at least one slot
is placed after the non-transmission time within the com-
pressed frame, thereby allowing observation of a different
frequency carrier.

According 1o the communication method of another
aspect of the present invention, when the uait of interleaving
is set 1o one frame and the non-transmission time extends
over lwo frames, in the transmission step, the non-
transmission time in the compressed mode is set relatively
longer in a first frame and set relatively shorter in a second
frame.

According to the above-mentioned aspect, the non-
transmission time is set relatively longer in a first frame and
set relatively shorter in a second [rame, so that a satisfaclory
interleave effect can be achieved even when the non-
transmission time extends over first and following second
frames with consideration given to adverse affect of the
transmission power control error to the second frame.

According to the communication method of another
aspect of the present invention, in the reception step, a
maximurn Doppler frequency is estimated, and the estimated
maximum Doppler frequency is compared with a preset
threshold of the maximum Doppler frequency, and when the
estimated maximum Doppler frequency is higher than the
threshold, a negotiation is made with a transmitter not to
effect control as to a change of the position of the non-
transmission time; and in the transmission step, when the
frequency of the estimated maximum Doppler frequency is
lower than the threshold, the non-transmission time in the
compressed mode is placed rearward from the center of the
compressed frame.

According o the above-mentioned aspect, the estimated
value of the maximum Doppler frequency is compared with
the preset threshold of the maximum Doppler frequency, and
when a frequency of the estimated value is lower than the
threshold, the non-transmission time is placed rearward in
the compressed frame. On the other hand, when the fre-
quency of the estimated value is higher than the threshold,
negotiation is made so as not to adjust the non-transmission
time, and the non-transmission time is placed near the center
of the compressed frame.

According to the communication method of another
aspect of the present invention, in the transmission step and
reception step, a step size of power in transmission power
control is sct larger than a predetermined value set as a
reference value through negotiation, and a number of slots
needed for the transmission power control error convergence
that occurs after the non-transmission time is reduced.

According 1o the above-mentioned aspect, the step size of
the transmission power control is determined in response 10
the fading frequency, and further, by estimating the trans-
mission power control error convergence time based on the
step size, the non-transmission time is set with consideration
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given to the adverse affect of the transmission power control
error caused by the non-transmission time and the interleave
effect.

According to the communication method of another
aspect of the present invention, in an area where moving at
a high speed is expected, the control as to a change of the
position of the non-transmission time is not effected, and in
an area where moving at a high speed is not expected, the
non-transmission time in the compressed mode is placed
rearward from the center of the compressed frame.

According to the above-mentioned aspect, by estimating
the fading frequency based on the largeness of the cell
radius, the non-transmission time is set with consideration
given 1o the adverse affect of the transmission power control
error caused by the non-transmission time and the interleave
effect.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view depicting an arrangement of a first
cmbodiment of a communication systcm of the present
invention;

FIG. 2 is a view depicting an arrangement as {o trans-
mission power control by a transmission controller 11A in
the first embodiment;

FIG. 3 is a view depicting an arrangement as to trans-
mission power control by a reception controller 21A in the
first embodiment;

FIG. 4 is a view showing a setting position of an idle time
at compressed mode transmissjon in the first embodiment;

FIG. 5 is a view showing an optimal position of the idle
time when consideration is given to adverse affect of a
transmission power control error;

FIG. 6 shows a flowchart of the various steps in this
communication method according to the first embodiment;

FIG. 7 is a view showing a setting position of an idle time
at compressed mode transmission in a second embodiment;

FIG. 8 is a view showing adverse affect of a transmission

power control error thal occurs after the idle time to a second

frame;

FIG. 9 is a view depicting an arrangement of a third
embodiment of the communication system of the present
nvention;

FIG. 10 is a view depicting an arrangement as {o trans-
mission power control by a reception controller 21B in the
third embodiment;

FIG. 11 is a view showing a setting position of an idle
time at compressed mode transmission in the third embodi-
ment (when the fading frequency is low);

FIG. 12 is a view showing another setting position of an
idle time at compressed mode transmission in the third
embodiment (when the fading frequency is high);

FIG. 13 shows a flowchart of the various steps in this
communication method according to the third embodiment;

FIG. 14 is a view depicting an arrangement of a fourth
embodiment of the communication system of the present
invention;

FIG. 15 is a view depicting an arrangement as 10 lrans-
mission power control by a transmission controller 11C in
the fourth embodiment;

FIG. 16 is a view showing a setting position of an idle
time at compressed mode transmission in the fourth embodi-
ment;

FIG. 17 is a view showing an optimal position of an idle
time when the number of slots in a transmission power
control error convergence time is reduced;
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FIG. 18 is a view showing another optimal position of an
idle time when the number of slots in a transmission power
control error convergence time is reduced;

FIG. 19 shows a flowchart of the various steps in this
communication method according 1o the fourth embodi-
ment;

FIG. 20 is a view showing a transmission example in a
normal mode and a compressed mode in a conventional
CDMA cellular system;

FIG. 21 is a view showing transmission power control at
normal mode transmission in a conventional communication
system;

FIG. 22 is a view showing transmission power control at
compressed mode transmission in a conventional commu-
nication system; and

FIG. 23 is a view showing a position of an idle time at
compressed mode transmission in a conventional commu-
nication system.

BEST MODE FOR CARRYING OUT THE
INVENTION

Preferred embodiments of a communication system and a
communication method of the present invention are
described in detail below with reference to accompanying
drawings. It should be appreciated, however, that the present
invention is not limited to the embodiments described below.

FIG. 1 is a view depicling an arrangement of a first
embodiment of the communication system of the present
invention. In the present embodiment, the CDMA (Code
Division Multiple Access) system will be explained as an
example of the communication system. However, the com-
munication system is not limited to the CDMA system, and
can be any radio communication system (mobile
communication, satellite communication, etc.) adapting the
communication method of the present invention.

As shown in FIG. 1, the communication system of the
present invention comprises a transmitter 1A and a receiver
2A. Such a transmitter 1A and receiver 2A are provided to
the basc station and each of the mobile station forming the
system. The base station and each mobile station commu-
nicate wirclessly by means of the CDMA communication
system.

Configuration of the transmitter 1A will be explained
here. The transmitter 1A includes a transmission controller
11A, an crror comrection encoder 12, an interleaver 13, a
framing/spreading device 14, and a radio frequency trans-
mitter 15. The transmission controller 11A chiefly controls
the operations of the interleaver 13, framing/spreading
device 14, and radio frequency transmitter 15 through nego-
tiation with the receiver 2A. For example, the transmission
controller 11A specifies the number of frames subject to
interleave in cach of the normal mode (non-compressed
mode) and compressed mode through negotiation with the
receiver 2A. Also, in the compressed mode, the transmission
controller 11A specifies a change of the spreading factor and
transmission timing for transmitting a frame in the com-
pressed mode to the framing/spreading device 14. Further,
the transmission controller 11A directs the radio frequency
transmitter 15A to increase/decrease transmission power.

The error correction encoder 12 generates coding data by
effecting the error correction coding to a transmission data
sequence. The interleaver 13 interleaves the time sequential
orders per bit unit of the coding data, so that should
sequential bits of a transmission signal be lost by fading
during transmission (in case that a burst data error occu{,
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adverse affect of a transmission error can be minimized. The
interleaver 13 can interleave more than one frame, and when
specified the number of frames subject to interleave by the
transmission controller 11A, the interleaver 13 effects the
interleave to that number of frames.

The framing/spreading device 14 spreads the normal
mode and compressed mode by using a user-specific spread-
ing code into a broad band, and forms a frame suitable to
each mode. When specified the transmission timing for each
mode by the transmission controller 11A, the framing/
spreading device 14 transmits the frame to the radio fre-
quency transmitter 15 at that transmission timing. Further,
when a change of the spreading factor is specified by the
transmission controller 11A in the compressed mode, the

framing/spreading device 14 generates a transmission signal

by using a spreading factor lower than that in the normal
mode as per instruction.

The radio frequency transmitter 15 converts the transmis-
sion signal obtained in the framing/spreading device 14 into
a radio frequency and transmits the same. The radio fre-
quency transmilter 15 outputs the transmission signal by
increasing/decreasing the transmission power under the con-
trol of the transmission coniroller 11A. For example, the
radio frequency transmitter 15 outputs the transmission
signal in the compressed mode by increasing average trans-
mission power from that in the normal mode.

Next, configuration of the receiver 2A will be explained.
The receiver 2A includes a reception controller 21A, an error
correction decoder 22, a deinterleaver 23, a deframing/
despreading device 24, and a radio frequency receiver 25A.
The reception controller 21A chiefly controls the operation
of the deinterleaver 23 and deframing/despreading device 24
through negotiation with the transmitter 1A. For example,
the reception controller 21A specifies the number of frames
subject to deinterleave suitable in each of the normal mode
and compressed mode through negotiation with the trans-
mitter 1A. Also, in the compressed mode, the reception
controller 21A specifies a change of the spreading factor and
reception timing for receiving a frame in the compressed
mode to the deframing/despreading device 24.

The radio frequency receiver 25A decodes a reception
signal sent from an unillustrated antenna. The deframing/
despreading device 24 generates a frame for each of the
normal mode and compressed mode by means of despread-
ing with a spreading code allocated to the user of the
receiver 2A. Also, when specified the reception timing for
each mode by the reception controller 21A, the deframing/
despreading device 24 takes in the reception signal from the
radio frequency receiver 25A at that reception timing.
Further, when specified a change of the spreading factor by
the reception controller 21A in the compressed mode, the
deframing/despreading device 24 generates a reception sig-
nal by using a spreading factor lower than that in the normal
mode as per iostruction.

The deinterleaver 23 deinterleaves the time sequential
orders per bil unit for the frame generated in the deframing/
despreading device 24 in an inverse order in the interleaver
13 in the trapsmitter 1A. Like the interleaver 13, the deinter-
leaver 23 can also dcinterleave more than one frame, and
effects the deinterleave to that number of frames subject to
deinterleave specified by the reception controller 21A. In
addition, the error correction decoder 22 generates decoding
data, that is, a reception data sequence, by cffecting the error
correction decoding to a signal to which the deinterleave has
been effected.

The transmission controller 11A and reception controller
21A operate in the following manner. FIG. 2 is a view
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depicting an arrangement as to transmission power control
by the transmission controller 11A of the present embodi-
ment. Legend 111A denotes a normal mode/compressed
mode detecting device and legend 112A denotes a transmis-
sion power controller. The normal mode/compressed mode
detecting device 111A determines liming at which the nor-
mal mode shifts to the compressed mode through negotia-
tion with the receiver 2A, and specifies a change of the
spreading factor and transmission timing to the framing/
spreading device 14. Similarly, the normal mode/
compressed mode detecting device 111A directs the trans-
mission power controller 112A to increase average
transmission power to suppress deterioration of a commu-
nication quality caused when compressing data in the com-
pressed mode. When directed to increase the average trans-
mission power, the transmission power controller 112A
determines transmission power per slot unit based on the
average transmission power and a transmission power con-
trol command (TPC command) from the receiver 2A, and
specifies the determination result 1o the radio frequency
transmitter 15.

FIG. 3 is a view depicting an arrangement as to trans-
mission power control by the reception controller 21A of the
present embodiment. Legend 211A denotes a normal mode/
compressed mode detecting device and Numeral 212
denotes a reception power controller. The normal mode/
compressed mode detecting device 211A determines timing
at which the normal mode shifts to the compressed mode
through negotiation with the transmitter 1A, and specifies a
change of spreading factor and reception timing to the
deframing/despreading device 24. In the normal mode and
compressed mode, the reception power controller 212 com-
pares the target power set so as to meet the required
communication quality with power of the reception signal
based on reception power control information notified by the
radio frequency receiver 25B. When the latter is greater than
the former, the reception power controller 212 notifies the
transmitter 1A of a transmission power control command
directing to lower the transmission power by predetermined
power amplitude A. On the other hand, when the latter is
smaller than the formner, the reception power controller 212
notifies the transmitter 1A of a transmission power control
command directing to increase the transmission power by
predetermined power amplitude A.

Next, how and where (bereafter referred to as ‘setting
position’) the ideal time is set will be explained. FIG. 4 is a
view showing an example of the setting position of the idle
time at the compressed mode transmission. Herein, one
frame is given as an interleave unit. For example, in the
compressed mode, because data is compressed for
transmission, if the transmission power control error con-
vergence time is the same, decoding characteristics are’
deteriorated more by adverse affect of the transmission
power control error compared with the frame in the normal
mode. For this reason, the normal mode/compressed mode
detecting device 111A of the present embodiment controls
the idle time to be placed rearward from the center of the
compressed frame by specifying the transmission timing
shown in FIG. 2. Upon receipt of the specification, the
traming/spreading device 14 places the idle time at the
desired position within the compressed frame.

If the number of slots after the idle time within the
compressed frame decreases, so does the interleave effect
within the compressed frame. Thus, in order to achieve a
satisfactory interleave effect, at least one slot is set after the
idle time within the compressed frame. In the present
embodiment, because one frame is given as the imerlea\g
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unit, the number of slots after the idle time within the
compressed frame is sct at least one. However, in case that
the interleave unit extends over more than one frame, the
number of slots after the idle time may be 0 (nil).

When the idle time is placed rearward from the center of
the compressed frame as has been discussed, the number of
slots after the idle time, that is, the number of slots given
with a lowered spreading factor or the slots given with a
reduced coding rate to be placed in the transmission power
control convergence time, is smaller than the conventional
number of slots. Accordingly, the signal decoding accuracy
is upgraded significantly. In other words, in the communi-
cation system of the present cmbodiment, adverse affect of
the transmission power control error caused by the idle time
can be reduced markedly compared with the prior art. In
addition, when the number of slots after the idle time within
the compressed frame is set to one or more, the transmission
power control convergence time is divided into the first and
following second frames, that is, extends over two frames.
Cousequently, deterioration in decoding accuracy in the
following second frame can be decreased.

When the number of slots after the idle time is set to 0
(nil), adverse affect of the transmission power control error
is minimized. However, in this case, most of the slots arc
placed forward in the compressed frame, and there may be
a case where a satisfactory interleave effect cannot be
obtained. Thus, in the present embodiment, consideration is
given to both the interleave effect and the adverse affect of
the transmission power control error, and the idle time is
placed rearward in the compressed frame and the number of
slots after the idle time within the compressed frame is at
least one.

FIGS. 5(a) and 5(b) are views showing an optimal posi-
tion of the idle time when consideration is given to adverse
affect of the transmission power control error. In the present
embodiment, the explanation is given for a case where one
typical frame includes 15 slots for ease of explanation. TGL
(transmission Gap Length) denotes the number of slots in
the idle time in the compressed mode; a small letter b
denotes the number of slots after the idle time in the
compressed frame; 15-TGL-b denotes the number of slots
before the idle time in the compressed frame; and RL
(Recover Length) denotes the transmission power control
error convergence time. In FIG. 5, 7 slots are given as the
number TGL of idle slots in the compressed mode and also
7 slots are given as the transmission power control error
convergence time RL.

For example, given TGL=7 in the idle time in the com-
pressed mode, then the transmitter 1A has to transmit all the
data (bits) in (15-TGL)=8 slots. Here, given RL=7 as the
transmission power control error convergence time caused
when adversely affected by the idle time, a ratio of being
adversely affected by the transmission power control error
when the number b of slots is varied (0 to 4), thal is, a ratio
< of the number of slots (b slots) after the idle time to the
number of slots (8 slots) used in transmitting data, can be
illustrated as FIG. 5. It is understood that the smaller the
number b of the slots after the idle time, the less the adverse
affect of the transmission power control error caused by the
idle time become. However, in order 1o achieve a satisfac-
tory interleave effect such that attains the error correction
coding effect by randomizing errors that occur continuously,
consideration has to be given to the number of slots after the
idle time to some extent.

Next, a concrete example of the communication method
between the transmitter 1A and receiver 2A will be
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explained. It is assumed that the idlc time in the compressed
mode is placed at the above-explained optimal position in
the communication system shown in FIG. 1. FIG. 6 shows
a flowchart of the various steps in this communication
method.

To begin with, the transmission controller 11A in the
transmitter 1A and the reception controller 21A in the
receiver 1A determine the offset of frame timing for the
transmission power control error convergence through nego-
tiation at the normal mode transmission before the com-
pressed mode transmission starts (Step S1). Then, the nor-
mal mode/compressed mode detecting device 111A and
normal mode/compressed mode detecting device 211A
determine the interleave method (the number of frames
subject to interleave, efc.), transmission/rcception timing
related to the compressed frame, and parameters, such as
spreading factor and average transmission power based on
tbe idle time necessary to observe a different carrier fre-
quency (Step S2). Then, the transmitter 1A and receiver 1B
use the specified interleave method (Step S21) and carry out
transmission/reception in the normal mode until the com-
pressed frame timing thus determined comes (No in Step
$22 and No in Step S31).

When the compressed frame timing comes under these
conditions (Yes in Step S22 and Yes in Step S31), the
transmission controller 11A in the transmitter 1A specifies a
change of the spreading factor and transmission timing to
the framing/spreading device 14. Then, upon receipt of these
specifications, the framing/spreading device 14 generates,
out of the data to which the interleave has been effected, a
transmission data frame in which the idle time is placed
rearward within thc compressed frame (Step S23). Then,
with the specified average transmission power under the
control of the transmission controlier 11A (Step $24), the
radio frequency traosmitter 15 outputs a fransmission signal
in the compressed mode (Step S25).

On the other hand, the reception controller 21A in the
receiver 2A specifies a change of the spreading factor and
reception timing to the deframing/despreading device 24
(Step 832). Upon receipt of these specifications, the
deframing/despreading device 24 generates a reception dala
frame out of a reception signal reccived through the radio
frequency receiver 25A (Step S33). Further, the deinter-
leaver 23 effects the deinterleave by a predetermined method
(Step S34), whereby data with high decoding accuracy can
be obtained as a result.

In this manner, in the present embodiment, consideration
is given to the adverse affect of the transmission power
control error and the interleave effect, and the position of the
idle time in the compressed mode is determined so as 1o be
placed rearward from the center of the compressed frame.
Consequently, it is possible to prevent deterioration of the
communication quality caused when observing a different
frequency carrier.

As discussed above, in the present embodiment, by plac-
ing the idle time rearward from the center of the compressed
frame by using the above method, it is possible to reduce the
adverse affect of the transmission power control error caused
by the idle time without dispersing the idle time within the
frame at the compressed mode transmission as was in the
conventional method. In the present embodiment, the posi-
tion of the idle time was determined when one frame is given
as an interleave unit. However, in case that more than one
frame is given as the interleave unit, the position of the idle
time in the compressed mode is also determined by giving
consideration (o the adverse affect of the transmission power
control error and the interleave effect. . Cii g
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FIG. 7 is a view showing a setting position of the idle time
at the compressed mode transmission in a second embodi-
ment. In the present embodiment, assume that the idle time
in the compressed mode extends over two frames and one
frame is given as the interleave unit. The arrangement of the
communication system, arrangement of the transmission
controller, and arrangement of the reception controller are
identical with those explained in the first embodiment with
reference to FIG. 1, FIG. 2, and FIG. 3. Thus, like compo-
nents are labeled with like legends and the explanation of
these components is not repeated for ease of explanation.
Also, because the communication method in the compressed
mode in the communication system of the present embodi-
menl is identical with the one detailed with reference to the
flowchart in FIG. 6, the explanation thereof is not repeated,
cither.

For example, on the foregoing assumption, the traosmis-
sion power control error afier the idle time adversely affects
only the second frame as shown in FIG. 7. More specifically,
as shown in FIG. 8, given TGL=7, RL=4, and 30 slots as the
compressed frame in which the idle time extends over two
frames (when 15 slots are given as one frame in the normal
mode), if the idle time is placed at the position (a), the
adversely affect given to the second frame by the transmis-
sion power control error convergence time is 4 slots/12 slots.
On the other hand, if the idle time is placed at the position
(b), the adversely affect given 1o the second frame by the
transmission power control error convergence lime is 4
slots/14 slots.

Here, if the idle time extends over the first and following
second frames, the normal mode/compressed mode detect-
ing device 111A in the transmission controller 11A of the
present embodiment considers the adverse affect of the
transmission power control error 1o the second frame, and
places the idle time more in the first frame and less in the
following second frame, so that a satisfactory interleave
effect can be achieved (see FIG. 7).

As has been discussed, in the present embodiment, even
when the idle time extends over two frames, consideration
is given 1o the adverse affect of the transmission power
control error and the idle time is placed so that a satisfactory
interleave effect is achieved in the second frame.
Consequently, it is possible 1o suppress deterioration of the
communication quality in the compressed mode.

FIG. 9 is a view depicting an arrangement of a third
embodiment in the communication system of the present
invention. In the present embodiment, like components with
respect to the first embodiment discussed with reference to
FIG. 1 are labeled with like legends, and the explanation of
these components is not repeated for ease of explanation.
Also, in the present embodiment, the CDMA system will be
explained as an example of the communication system.
However, the communication system is not limited to the

CDMA system and can be any radio communication syslem

(mobile communication, satellite communication, etc.)
adapting the communication method of the present inven-
tion.

‘The communication system of the present invention com-
prises a transmitter 1A and a receiver 2B. The transmitter 1A
and receiver 2B are provided (o the base station and each
mobile station forming the system. The base station and each
mobile station communicate wirelessly by means of the
CDMA communication systém. The transmitter 1A is iden-
tical with its counterpart in the first embodiment, and the
explanation thereof is not repeated herein for ease of expla-
nation. The following description will describe the arrange-
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ment of the receiver 2B as to the difference from its
counterpart in the first embodiment alone.

The receiver 2B includes a reception controller 21B, an
error correction decoder 22, a deinterleaver 23, a deframing/
despreading device 24, and a radio frequency receiver 25B.
The reception controller 21B chiefly controls the operations
of the deinterleaver 23 and deframing/despreading device 24
through negotiation with the transmitter 1A. The reception
controller 21B specities a change of the spreading factor and
reception timing for receiving a compressed frame to the
deframing/despreading device 24 in the compressed mode.
Further, the reception controller 21B compares an estimated
value of the maximum Doppler frequency (fading
frequency) notified as fading information by the radio fre-

quency receiver 25B with a preset threshold of the maxi-.

mum Doppler frequency, and when a frequency of the
estimated value is higher than the threshold, the reception
controller 21B negotiates with the transmitter 1A not to
control the position of the idle time, that is, to set the idle
time near the center of the frame.

The radio frequency receiver 25B decodes a reception
signal sent from an unillustrated antenna. The radio fre-
quency receiver 25B estimates the maximum Doppler fre-
quency based on the reception signal, and notifics the same
to the reception controller 21B as the fading information.

The following description will describe operations of the
reception controller 21B of the present embodiment as to
differences from those of the reception controller 21A with
reference to the accompanying drawings. FIG. 10 is a view
depicting an arrangement as to transmission power control
by the reception controller 21B of the present embodiment.
Legend 211B denotes a normal mode/compressed mode
detecting device. The normal mode/compressed mode
detecting device 211B determines timing to shift to the
compressed mode through negotiation with the transmitter
1A, and specifies a change of the spreading factor and
reception timing to the deframing/despreading device 24.
The normal mode/compressed mode detecting device 211B
compares the fading information notified by the radio fre-
quency receiver 25B with the preset threshold of the maxi-
mum Doppler frequency, and when a frequency of the
estimated value related to the maximum Doppler frequency
notified as the fading information is higher than the
threshold, the normal mode/compressed mode detecting
device 211B negotiates with the transmitter 1A not to adjust
the idle time.

Nex, the following description will describe a setling
position of the idle time at the compressed mode transmis-
sion in the present embodiment. FIGS. 11 and 12 are views
showing an example of the setting position of the idle time
at the compressed mode transmission. It should be noted that
the present embodiment is applicable to a case where the
maximum Doppler frequency is higher than that in the first
embodiment.

For example, when the fading (the illustrated channel
state) is high; a relatively short time is given as a time
interval during which the reception power drops, thereby
dispersing the occurrence of errors with time. Hence, the
effect of improving the communication quality by means of
the transmission power control is reduced with deterioration
following the channel state, and conversely, the effect of
improving the communication quality by means of the error
correction coding/interleave is increased. Therefore, for
example, when the fading frequency is high, if the idle time
is placed rearward in the compressed frame in the same
manner as the first embodiment, the compressed data bits are
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distributed unevenly forward within the compressed frame,
thereby possibly impairing the randomizing effect attained
by means of interleave.

Accordingly, in the present embodiment, the reception
controller 21B compares the fading information notified by
the radio frequency receiver 25B with the preset threshold of
the maximum Doppler frequency, and when a frequency of
the estimated value of the maximum Doppler frequency
notified as the fading information is lower than the
threshold, as is shown in FIG. 11, the reception controller
21B places the idle time rearward in the compressed frame
in the same manner as the first embodiment.

On the other band, when the reception controller 21B
compares the fading information notified by the radio fre-
quency receiver 25B with the preset threshold of the maxi-
mum Doppler frequency and a frequency of the estimated
value of thc maximum Doppler frequency notified as the
fading information is higher than the threshold, the reception
controller 21B negotiates with the transmitter 11A not to
adjust the idle time, so that, as is shown in FIG. 12, the idle
time is placed near the center of the compressed frame.

In this manaer, by changing the position of the idle time
in the compressed frame in response to the pitch of the
fading frequency, it is possible to effect the control such that
does not deteriorate the interlcave effect when the fading
frequency is high and the transmission power coatrol effect
when the fading frequency is low. In addition, for example,
a similar effect can be achieved by placing the idle time
rearward in the compressed frame in the same manner as the
first embodiment in an area where moving at a high speed is
not expected (when the fading frequency is low), and by
placing the idle time near the center of the compressed frame
when moving at a high speed is expected (when the fading
frequency is high).

Next, a concrete example of the communication method
between the transmitter 1A and receiver 2B will be
explained. It is assumed that the idle time in the compressed
mode is placed at the above-explained optimal position in
the communication system shown in FIG. 8. FIG. 13 shows
a flowchart of the various steps in this communication
method. The steps same as those in the above-described first
embodiment are labeled with like step numbers, and the
explanation of these steps is not repeated for ease of expla-
nation.

To begin with, at the normal mode transmission before
shifting to the compressed mode transmission, the radio
frequency receiver 25B in the receiver 2B estimates the
maximum Doppler frequency based on the received recep-
tion signal, and notifies the same to the reception controller
21B as the fading information (Step S41). Upon receipt of
the fading information, the reception controller 21B com-
pares the fading information with the preset threshold of the
maximum Doppler frequency, and when a frequency of the
estimated value is higher than the threshold (No in Step
§42), the reception controller 21B stops the setting of the
offset of the idle time fot the transmission power control
error convergance (Step S43), and places the idle time near
the center of the compressed frame. When the frequency of
the estimated value of the frequency is lower than the
threshold (Yes in Step S42), the reception controller 21B
places the idle time rearward in the compressed frame in the
same manner as the first embodiment in the following steps.

As discussed above, in the present embodiment, a similar
effect as that in the first embodiment can be achieved.
Further, by changing the position of the idle time in the
compressed frame in response to the pitch of the fading
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frequency, it is possible to effect the control such that does
deteriorate the interleave effect when the fading frequency is
high and the transmission power control effect when the
fading frequency is low.

The maximum Doppler frequency is not necessarily esti-
mated by measuring the reception signal. For example, in
the cellular communication, a large radius is given to the
cells that provide a communication service by the base
location for the service to a mobilc station having a higher
moving rate, suchas use in an automobile or a train, whereas
a smaller radius is given to the cells that provide a service
to a quasi-station mobile station in use at a walking pace or
in a semi-fixed station. Thus, in general, it can be said that
when the cell radius is large, the fading frequency is high,
and when the cell radius is small, the fading frequency is
low. Hence, in this case, a similar effect can be achieved by
estimating the Doppler frequency (fading frequency) based
on the largeness of the cell radius and carrying out the above
control.

FIG. 14 is a view depicting an arrangement of a fourth
embodiment of the communication system of the present
invention. In the present embodiment, the components iden-
tical with those explained in the first embodiment with
reference to FIG. 1 and those explained in the second
embodiment with reference to FIG. 9 are labeled with like
legends, and explanation of these components is not
repeated for ease of explanation. In the present embodiment
also the CDMA system will be explained as an example of
the communication system. However, the communication
system is not limited to the CDMA system, and can be any
radio communication system (mobile communication, sat-
ellite communication, elc.) adapting the communication
method of the present invention.

As shown in FIG. 14, the communication system of the
present invention comprises a transmitter 1C and a receiver
2C. The transmitter 1C and receiver 2C are provided to the
base station and each mobile station forming the system, and
the base station and each mobile station communicate wire-
lessly by means of the CDMA communication system.
Herein, the explanation of the transmitter 1C and receiver
2C will be given as to the differences from their counterparts
in the first and second embodiments alone.

To begin with, the transmitter 1C forming the communi-
cation system will be explained. In FIG. 14, the transmitter
1C includes a transmission coatroller 11C, an error correc-
tion encoder 12, an interleaver 13, a framing/spreading
device 14, and a radio frequency transmitter 15.

FIG. 15 is a view depicting an arrangement as to the
transmission control by the transmission controller 11C of
the present embodiment. Legend 111C denotes a normal
mode/compressed mode detecting device, and legend 112C
denotes a transmission power controller. The normal mode/
compressed mode detecting device 111C negotiates with the
receiver 2C based on the fading information notified by the
receiver 2C to determine a transmission power control step
size, and notifics a step size specifying signal to the trans-
mission power controller 112C. At the same time, the normal
mode/compressed mode detecting device 111C estimates a
convergence time for a transmission power control error that
occurs after the idle time in the compressed mode based on
the fading information and transmission power control step
size. Then, with the consideration given to the adverse affect
of the transmission power control error and the interleave
effect, the normal mode/compressed mode detecting device
111C determines the position of the idle time. The other
operations of the normal mode/compressed mode detecting
device 111C are the same as those explained in the first
embodiment. :

Page 149 of 203 Page ID




Case 2:10-cv-09967-CAS -PJW Document 1l Filed 12/28/1
#:158

US 6,829,489 B2

19

The transmission power controller 112C controls power
amplitude in the transmission power control in accordance
with the step size specifying signal sent from the normal
mode/compressed mode detecting device 111C. The other
operations of the transmission power controller 112C are the
same as those explained in the first embodiment.

Next, configuration of the receiver 2C forming the com-
munication system will be explained. The receiver 2C
includes a reception controller 21C, an error correction
decoder 22, a deinterleaver 23, a deframing/despreading
device 24, and a radio frequency receiver 25B.

The reception controller 21C chiefly controls the opera-
tions of the deinterleaver 23 and deframing/despreading
device 24 through negotiation with the transmitter 1C. The
reception controller 21C specifies a change of the spreading
factor and reception timing for receiving a compressed
frame to the deframing/despreading device 24 in the com-
pressed mode. Further, the reception controller 21C notifies
an estimated value of the maximum Doppler frequency
notified as the fading information by the radio frequency
receiver 25B to the receiver 1C, and estimates a transmission
power control error convergence time through negotiation
with the transmitter 1C to determine the transmission power
control step size and an offset quantity of the idle time.

FIG. 16 is a view showing an examplc of the sctting
position of the idle time at the compressed mode transmis-
sion and the transmission control step size set by the
foregoing operations. In FIG. 16, A denotes the step size
before the idle time in the compressed frame, and a A (a>1)
denotes the step size after the idle time. For example, in the
present embodiment, by setting the transmission control step
size larger than that in the first embodiment, the number of
the slots necessary to converge the transmission power
control error that occurs after the idle time is reduced.

FIGS. 17(a) to 17(¢) and FIGS. 18(a) to 18(c) are views
showing an optimal position of the idle time in the com-
pressed mode when the number of the slots in the transmis-
sion power control error convergence time after the idle time
is reduced by changing the transmission control step size by
the foregoing operations. These drawings reveal that the
smaller the number b of the slots after the idle time, the less
the adverse affect of the transmission power control error
caused by the idle time. It should be noted, however, that, in
order to achicve a satisfactory interleave effect that attains
the error correction coding effect by randomizing errors that
occur continuously, consideration has to be given to the
number of slots after the idle time to some extent.

Next, a concrete example of the communication method
between the transmitter 1C and receiver 2C will be
explained. It is assumed that the idle time in the compressed
mode is placed at the above-explained optimal position in
the communication system shown in FIG. 14. FIG. 19 shows
a flowchart of the various steps in this communication
method. The steps identical with those explained in the first
embodiment are labeled with like step numbers, and the
explanation of these steps is not repeated for ease of expla-
nation.

To begin with, the radio frequency receiver 15B of the
receiver 2C eslimates the maximum Doppler frequency
based on a received reception signal at the normal mode
transmission before shifting to the compressed mode
transmission, and notifies the estimated value to the recep-
tion controller 21C as the fading information (Step S51).
The receiver 2C notifies the estimated maximum Doppler
frequency further to the transmission controller 11C in the
transmilter 1C (Step S52) . Then, the transmission controller
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11C and reception controller 21C determine the step size in
the transmission power control based on the notified Dop-
pler frequency, and estimate a time necessary for the trans-
mission power control error to converge, while making
negotiation to determine the idle time position (Step $53).
The operations afierwards are the same as those explained in
the first embodiment.

As has been discussed, in the present embodiment, the
step size in the transmission power control is determined in
response to the fading frequency and further the transmis-
sion power control error convergence time is estimated from
the step size. Thus, it is possible to set the idle time in the
compressed mode with consideration given to the adverse
affect of the transmission power coatrol error caused by the
idle time and the interleave cffect, and also to suppress
deterioration of the communication quality in the com-
pressed mode.

The maximum Doppler frequency is not necessarily esti-
mated by measuring the reception signal. For example, in
the cellular communication, a large radius is given to the
cells that provide a communication service by the base
location for the service to a mobile station having a higher
moving rate, such as use in an automobile or a train, whereas
a smaller radius is given to the cells that provide a service
to a quasi-station mobile station in use at a walking pacc or
in a semi-fixed station. Thus, in general, it can be the that
when the cell radius is large, the fading frequency is high,
and when the cell radius is small, the fading frequency is
low. Hence, in this case, a similar effect can be achieved by
estimating the Doppler frequency (fading frequency) based
on the largeness of the cell radius and carrying out the above
control.

As explained above, according to one aspect of the
present invention, the position of the non-transmission time
(idle time) in the compressed mode is changed in such a
manner so as to minimize adverse affect of a transmission
power control error that occurs after the non-transmission
time, for example, with consideration given to the adverse
affect of the transmission power control error and the
interleave effect. Consequently, there can be offered an effect
that it is possible to obtain a communication system capable
of reducing adverse affect of the transmission powcr control
error caused by the non-transmission time without adapting
a conventional method, by which the non-transmission time
at the compressed mode transmission is dispersed within a
frame.

According to the another aspect of the present invention,
adverse affect of the transmission power control error is
taken into consideration, and the position of the non-
transmission time in the compressed mode is determined so
as to be placed rearward from the center of the compressed
frame, for example. Consequently, there can be offered an
effect that it is possible to obtain a communication system
capable of preventing deterioration of a communication
quality occurred when observing a different frequency car-
rier.

According 1o the another aspect of the present invention,
the position of the non-transmission time in the compressed
mode is determined so as to be placed rearward from the
center of the compressed frame, for example, with consid-
eration given to the adverse affect of the transmission power
control error and the interleave effect, and further, data of at
least one slot is placed after the non-transmission time
within the compressed frame. Consequently, there can be
offered an effect that it is possible to obtain a communication
syslem capable of improving a communication quality in
association with observation of a different frequency carrier.
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According to the another aspect of the present invention,
the non-transmission time is sct relatively longer in a first
frame and set relatively shorter in a second frame, so that a
satisfactory interleave effect can be achieved even when the
non-transmission time extends over first and following sec-
ond frames with consideration given to adverse affect of the
transmission power control error to the second frame.
Consequently, there can be offered an effect that it is possible
to obtain a communication systcm capable of suppressing
deterioration of 2 communication quality in the compressed
mode.

According 10 the another aspect of the present invention,
the estimated value of the maximum Doppler frequency is
compared with the preset threshold of the maximum Dop-
pler frequency, and when a frequency of the estimated value
is lower than the threshold, the non-transmission time is
placed rearward in the compressed frame. On the other hand,
when the frequency of the estimated value is higher than the
threshold, negotiation is made so as not to adjust the
non-transmission time, and the non-transmission time is
placed near the center of the compressed frame. By changing
the position of the non-transmission time in the compressed
frame in response to the pitch of the fading frequency in this
manner, there can be offered an effect that it is possible to
obtain a communication syslem capable of effecting control
such that does not deteriorate the interleave effect when the
fading frequency is high and the transmission power control
effect when the fading frequency is low.

According to the another aspect of the present invention,
the step size of the transmission power control is determined
in response to the fading frequency, and further, the trans-
mission power control error convergence time is estimated
based on the step size. Conscquently, there can be offered an
effect that it is possible to obtain a communication system
capable of setting non-transmission time with consideration
given to the adverse affect of the transmission power control
error caused by the non-transmission time and the interleave
effect, and suppressing deterioration of a communication
quality in the compressed mode.

According to the another aspect of the present invention,
the fading frequency is high when the celi radius is large and
the fading frequency is low when the cell radius is small.
Consequently, by estimating the fading frequency based on
the largeness of the cell radius, there can be offered an effect
that it is possible to obtain a communication system capable
of seiting the non-transmission time with consideration
given to the adverse affect of the transmission power control
error caused by the non-transmission time and the interleave
effect, and suppressing deterioration of a communication
quality in the compressed mode.

According to the another aspect of the present invention,
the position of the non-transmission time in the compressed
mode is changed in such a manner so as to minimize the
adverse affect of the transmission power control error that
occurs after the non-transmission time, for example, with
consideration given to the adverse affect of the transmission
power control error and the interleave effect. Consequently,
there can be offered an effect that it is possible to obtain a
transmitter capable of reducing adverse affect of the trans-
mission power control error caused by the non-transmission
time without adapting a conventional method, by which the
non-transmission time at the compressed mode transmission
is dispersed within a frame.

According 1o the another aspect of the present invention,
adverse affect of the transmission power control error is
taken into consideration, and the position of the non-
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transmission time in the compressed mode is determined so
as to be placed rearward from the ccnter of the compressed
frame, for example. Consequently, there can be offered an
effect that it is possible to obtain a transmitter capable of
preventing deterioration of a communication quality
occurred when observing a different frequency carrier.

According to the another aspect of the present invention,
the position of the non-transmission time in the compressed
mode is determined so as to be placed rcarward from the
center of the compressed frame, for example, with consid-
eration given to the adverse affect of the transmission power
control error and the interleave effect, and further, data of at
least one slot is placed after the non-transmission time
within the compressed frame. Consequently, there can be
offered an effect that it is possible to obtain a transmitter
capable of improving a communication-quality in associa-
tion with observation of a different frequency carrier.

According to the another aspect of the present invention,
the non-transmission time is set relatively longer in a first
frame and set relatively shorter in a second frame, so that a
satisfactory interleave effect can be achieved even when the
non-transmission time extends over first and following sec-
ond frames with consideration given to adverse affect of the
transmission power control error to the sccond frame.
Consequently, there can be offered an effect that it is possible
to obtain a transmitter capable of suppressing deterioration
of a communication quality in the compressed mode.

According 1o the another aspect of the present invention,
the step size of the transmission power control is determined
in response to thé fading frequency, and further, the trans-
mission power control error convergence time is estimated
based on the step size. Consequently, there can be offered an
effect that it is possible to obtain a transmitter capable of
setting the non-transmission time with consideration given
1o the adverse affect of the traasmission power control error
caused by the non-transmission time and the interleave
effect, and suppressing deterioration of a communication
quality in the compressed mode.

According to the another aspect of the present invention,
the estimated value of the maximum Doppler frequency is
compared with the preset threshold of the maximum Dop-
pler frequency, and when a frequency of the estimated value
is higher than the threshold, negotiation is made so as not 1o
adjust the non-transmission time, and the non-transmission
time is placed near the center of the compressed frame.
Consequently, by changing the position of the non-
transmission time in the compressed frame in response to the
fading frequency, there can be offered an effect that it is
possible 1o obtain a receiver capable of effecting control
such that does not deteriorate the interleave effect when the
fading frequency is high.

According to the another aspect of the present invention,
the step size of the transmission power control is determined
in response 1o the fading frequency, and further, the trans-
mission power control error convergence time is estimated
based on the step size. Consequently, there can be offered an
effect thal it is possible to obtain a receiver capable of setting
the non-transmission time with coasideration given to the
adverse affect of the transmission power control error caused
by the non-transmission time and the interleave effect, and
suppressing deterioration of a communication quality in the
compressed mode.

According 1o the another aspect of the present invention,
the position of the non-transmission time in the compressed
mode is changed in such a manner so as to minimize adverse
affect of a transmission power control error that occurs after

Page 151 of 203 Page ID




Case 2:10-cv-09967-CAS

W Document1 Filed 12/28/1

#:160

US 6,829,489 B2

23

the pon-transmission time, for example, with consideration
given to the adverse affect of the transmission power control
error and the interleave effect. Consequently, there can be
offered an effect that it is possible to obtain a communication
method capable of reducing adverse affect of the transmis-
sion power control error caused by the gon-transmission
time without adapting a conventional method, by which the
non-transmission time at the compressed mode transmission
is dispersed within a frame.

According to the another aspect of the present invention,
adverse affect of the transmission power control error is
taken into consideration, and the position of the non-
transmission time in the compressed mode is determined so
as (o be placed rearward from the center of the compressed
frame, for example. Consequently, there can be offered an
effect that it is possible to provide a communication method
capable of preventing deterioration of a communication
quality occurred when observing 2 different frequency car-
rier.

According to the another aspect of the present invention,
the position of the non-transmission time in the compressed
mode is determined so as to be placed rearward from the
center of the compressed frame, for example, with consid-
cration given to the adverse affect of the transmission power
control error and the interleave effect, and further, data of at
least one slot is placed after the non-transmission time
within the compressed frame. Consequently, there can be
offered an effect that it is possible to obtain a communication
method capable of improving a communication quality in
association with observation of a different frequency carrier.

According to the another aspect of the present invention,
the non-transmission time is sct relatively longer in a first
frame and sel relatively shorter in a second frame, so that a
satisfactory interleave effect can be achieved even when the
non-transmission time extends over first and following sec-
ond frames with consideration given to adverse affect of the
transmission power control crror to the second frame.
Consequently, there can be offered an effect that it is possible
to obtain a communication method capable of suppressing
deterioration of a communication quality in the compressed
mode.

According to the another aspect of the present invention,
the estimated value of the maximum Doppler frequency is
compared with the preset threshold of the maximum Dop-
pler frequency, and when a frequency of the estimated value
is lower than the threshold, the non-transmission time is
placed rearward in the compressed frame. On the other hand,
when the frequency of the estimated value is higher than the
threshold, negotiation is made so as not to adjust the
non-transmission time, and the non-transmission time is
placed near the center of the compressed frame. By changing
the position of the non-transmission time in the compressed
frame in response to the pitch of the fading frequency in this
manner, lhere can be offered an effect that it is possible (o
obtain a communication method capable of effecting control
such that does not deteriorate the interleave effect when the
fading frequency is high and the transmission power control
effect when the fading frequency is low.

According to the another aspect of the present invention,
the step size of the ransmission power control is determined
in response to the fading frequency, and further, the trans-
mission power control efror convergence time is estimated
based on the step size. Consequently, there can be offered an
effect that it is possible to obtain a communication method
capable of setting the non-transmission time with consider-
ation given to the adverse affect of the transmission power
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control] error caused by the non-transmission time and the
interleave effect, and suppressing deterioration of a commu-
nication quality caused in the compressed mode.

According to the another aspect of the present invention,
the fading frequency is high when the cell radius is large and
the fading frequency is low when the cell radius is small.
Consequently, by estimating the fading frequency based on
the largeness of the cell radius, there can be ofered an effect
that it is possible to obtain a communication method capable
of sctting the non-transmission time with consideration
given to the adverse affect of the transmission power control
error caused by the non-transmission time and the interleave
effect, and suppressing deterioration of a communication
quality in the compressed mode.

Industrial Applicability

As explained above, the communication system, trans-
mitter and receiver, and communication method of the
present invention are useful in a radio communication, such
as a mobile commupication and a salellite communication,
and particularly suitable to the CDMA communication
system, in which the other frequency carrier is observed in
the compressed mode and handover is effected based the
observation result.

What is claimed is:

1. A communication system including a transmitter and a
receiver both capable of operating in at least one of a normal
mode and a compressed mode in which setting of a prede-
termined non-transmission time is allowed,

wherein said transmitter effects transmission power con-

trol to maintain a received target power on a frame in
each mode, and, when operating in the compressed
mode, said transmitter changes 2 position of the non-
transmission time to minimize adverse effect of a
transmission power coatrol error that occurs after the
non-transmission time.

2. The communication system according to claim 1,

wherein, when a unit of interleaving is set to one frame,

said transmitter places the non-transmission time in the
compressed mode rearward from a center of a com-
pressed frame, and

said transmitter places data of at lcast one slot after the

non-transmission time within the compressed frame, so
that a satisfactory interleave effect is achieved.
3. The communication system according to claim 1,
wherein, when the unit of interleaving is set to one frame
and the non-transmission time extends over two
frames, said transmitter places the non-transmission
time in the compressed mode longer in a first frame and
set relatively shorter in a second frame.
4. The communication system according to claim 2,
wherein said receiver estimates maximum Doppler
frequency, compares the estimated maximum Doppler
frequency with a preset threshold of the maximum
Doppler frequency, and when the estimated maximum
Doppler frequency is higher than the threshold, nego-
tiates
with said transmitter not 1o effect control as to a change
of the position of the non-transmission lime; and

when the estimated maximum Doppler frequency is lower
than the threshold, said transmitter places the non-
transmission time in the compressed mode rearward
from the center of the compressed frame; and

in an area where moving at a high speed is expected, the

control as to a change of the position of the non-
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transmission time is not effected, and in an area where
moving at a high speed is not expected, the pon-
transmission time in the compressed mode is placed
rearward from the center of the compressed frame.

5. The communication system according to claim 2,

wherein said transmitter and receiver set a step size of
power in transmission power control larger than a
predetermined value set as a reference value through
negotiation, and reduce a number of slots nceded for
the transmission power control error convergence that
occurs after the non-transmission time.

6. A transmitter that operates in at least one of a normal
mode and a compressed mode in which setting of a prede-
termined non-transmission time is allowed,

wherein said transmitter effects transmission power con-
trol to maintain a received target power on a frame in

-each mode, and, when operating in the compressed
mode, said transmilter changes a position of the non-
lransmission time to minimize adverse effect of a
transmission power control error that occurs after the
non-transmission time.

7. The transmitter according to claim 6,

wherein, when a unit of interleaving is set to one frame,
said transmitter places the non-transmission time in the
compressed mode rcarward from a center of a com-
pressed frame; and

said transmitter places data of at least one slot after the
non-transmission time within the compressed frame, so
that a satisfactory interleave effect is achieved.

8. The transmiiter according to claim 6,

wherein when a unit of interleaving is set to one frame and
the non-transmission time extends over two frames,
said transmitter places the non-transmission time in the
compressed mode longer in a first frame and set rela-
tively shorter in a second frame.

9. The transmitter according to claim 7,

wherein, through negotiation with a receiver, said trans-
milter sels a step size of power in transmission power
control larger than a predetermined value set as a
reference value, and reduces a pumber of slots needed
for the transmission power control error convergence
that occurs after the non-transmission time.

10. A receiver that communicates with a transmitter that

changes a position of a non-transmission time,

wherein said receiver estimates maximum Doppler
frequency, compares the estimated maximum Doppler
frequency with a preset threshold of the maximum
Doppler frequency, and when a frequency of the esti-
mated maximum Doppler frequency is higher than the
threshold, negotiates with the transmitter not to effect
control as to a change of a position of a non-
transmission time.

11. A receiver,

wherein said receiver, through negotiation with a
transmitter, sets a step size of power in transmission
power control to maintain a received target power, said
step size being larger than a predetermined value set as
a reference value, and reduces a gumber of slots
necessary for a transmission power control error con-
vergence that occurs after a non-transmission time.

12. A communication method comprising:

a transmission step and a reception step operating in at
least one of a normal mode and a compressed mode in
which setting of a predetermined non-transmission
time is allowed, the transmission step-including effect-
ing of transmission power control to maintain a
received target power on a frame in each mode,
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wherein, in the transmission step, when operating in the
compressed mode, a position of the non-transmission
time is changed to minimize adverse effect of a trans-
mission power control error that occurs after the non-
transmission time.

13. The communication method according to claim 12,

wherein, in the transmission step, when a unit of inter-
leaving is set to one frame, the non-transmission time
in the compressed mode is placed rearward from a
center of a compressed frame; and

in the transmission step, data of at least one slot is placed
after the non-transmission time within the compressed
frame, so that a satisfactory interleave effect is
achieved.

14. The communication method according to claim 12,

wherein, in the transmission step, when a unit of inter-
leaving is set to one frame and the non-transmission
time extends over two frames, the non-transmission
time in the compressed mode is set relatively longer in
a first frame and set relatively shorter in a second
frame.

15. The communication method according to claim 13,

wherein, in the reception step, a maximum Doppler
frequency is estimated, and the estimated Doppler
frequency is compared with a preset threshold of the
maximum Doppler frequency, and when the estimated
maximum Doppler frequency is higher than the
threshold, a negotiation is made with a transmitter not
to effect control as 10 a change of the position of the
non-transmission time; and

in the transmission step, when a frequency of the esti-
mated maximum Doppler frequency is lower than the
threshold, the non-transmission time in the compressed
mode is placed rearward from the center of the com-
pressed frame; and ‘

in an area where moving at a high speed is expected, the
control as to a change of the position of the non-
transmission time is not ¢ffected, and in an arca where
moving at a high speed is notl expecled, the non-
transmission time in the compressed mode is placed
rearward from the center of the compressed frame.

16. The communication method according to claim 13,

wherein in the transmission step and reception step, a step
size of power in transmission power control is set larger
than a predetermined value set as a reference value
through negotiation, and a number of slots needed for
the transmission power control error convergence that
occurs after the non-transmission time is reduced.

17. A communication system including a transmitter and

a receiver both capable of operating in at least one of a
normal mode and a compressed mode in which setting of a
predetermined non-transmission time is allowed, wherein
the transmitter effects transmission power control on a frame
in each mode, and comprises:

a transmission power control unit controlling a transmis-
sion power after the non-transmission time in the
compressed mode; and

a frame generation unit placing a center of the non-
transmission timne rearward from a center of a com-
pressed frame.

18. A transmitter operating in at least one of a normal
mode and a compressed mode in which setting of a prede-
termined non-transmission time is allowed, effecting trans-
mission power control on a frame in each mode, and
comprising:

a transmission power control unit controlling a transmis-

sion power after the non-transmission time in the
compressed mode; and
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a frame generation unit placing a center of the non-
transmission time rearward from a center of a com-
pressed frame.

19. A communication method including the steps of
transmitting and receiving, the steps both operating in at
least one of a normal mode and a compressed mode in which
setting of a predetermined non-transmission time is allowed,
wherein the step of transmitting effects transmission power
control, and comprises:

5
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a transmission power control step of controlling a trans-
mission power after the non-transmission time in the

compressed mode; and

a frame generation step of placing a center of the non-
transmission time rearward from a center of a com-

pressed frame.
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ENCIPHERING APPARATUS AND METHOD,

DECIPHERING APPARATUS AND METHOD

AS WELL AS INFORMATION PROCESSING
APPARATUS AND METHOD

This is a continuation of application Ser. No. 09/872,509
filed Jun. 1, 2001 now abandoned, which is a continuation
of application Ser. No. 09/059,776, filed Apr. 14, 1998, now
U.S. Pat. No. 6,256,391, the enlirety thereof being incorpo-
rated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an enciphering apparatus and
method, a deciphering apparatus and method and an infor-
mation processing apparatus and method, and more particu-
larly to an enciphering apparatus and method, a deciphering
apparatus and method and an information processing appa-
ratus and method by which high security is assured.

2. Description of the Related Art

Recently, a network is available which is composed of a
plurality of electronic apparatus represented by AV appara-
tus, computers and so forth which are connected to each
other by a bus so that various data may be communicated
belween them.

Where a network of the type mentioned is employed, for
example, data of a movie reproduced from a DVD (Digital
Video Disk or Digital Versatile Disk) by a DVD player
connected to the network can be transferred through the bus
to and displayed by a display unit such as a television
receiver or a monitor. Usually, it is licensed from the
proprietor of copyright at a point of time when a DVD is
purchased to display and enjoy a movie reproduced from the
DVD on a display unit.

However, it is not usually licensed from the proprietor of
copyright 1o copy data reproduced from the DVD onto
another recording medium and utilize thc same. Thus, in
order to prevent data sent out through the bus (network)
from being copied illegally, it is a possible idea to encipher
the data on the sending side and decipher the data on the
receiving side.

However, consumer electronics apparatus (CE apparatus)
such as DVD players and television receivers are normally
designed and produced for predetermined objects and are
each produced such that it is impossible for a user to modify
it or incorporate a different part into it to acquire or alter
internal data (change of functions) of the apparatus. On the
other hand, for example, in regard to personal computers, the
architecture or circuitry is open to the public, and it is
possible to add a board or install various application sofi-
ware to add or alter various functions.

Accordingly, in regard to a personal computer, it can be
performed comparatively readily to directly access or alter
data on an internal bus of the personal computer by adding
predetermined hardware or applying a software program.
This signifies that, by producing and applying application
software, it can be performed readily, for example, to receive
data transmitted as ciphered data from a DVD player to a
television receiver and decipher or copy the received data by
a personal computer.

In other words, a personal computer has a weak connec-
tion between a link portion which effects communication via
a bus and an application portion which prepares data to be
transmitted and utilizes received data, and includes many
portions which can be modified physically and logically by
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a user. In contrast, a CE apparatus has a strong connection
between them and includes little portion which allows
intervention of a user.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an
enciphering apparatus and method, a deciphering apparatus
and method and an information processing apparatus and
method by which illegal copying of data can be prevented
with a higher degree of certainty.

In order to attain the object described above, according to
an aspect of the present invention to provide an enciphering
apparatus, comprising enciphering means for enciphering
data using a cryptographic key, first generating means for
generating a first key, second generating means for genet-
ating a second key which is changed at a predetermined
timing while the data is enciphered, and producing means
for producing the cryptographic key using the first key and
the second key.

According to another aspect of the present invention,
there is provided an enciphering method, comprising the
steps of enciphering data using a cryptographic key, gener-
ating a first key, generating a second key which is changed
al a predetermined timing while the data are enciphered, and
producing the cryptographic key using the first key and the
second key.

With the enciphering apparatus and the enciphering
method, since a cryptographic key is produced using a first
key and a second key which is changed at a predetermined
timing while data is enciphered, encipherment can be per-
formed with a high degree of security.

According to a further aspect of the present invention,
there is provided a deciphering apparatus, comprising
receiving means for receiving enciphered data, deciphering,
means for deciphering the received data using a crypto-
graphic key, first generating means for generating a first key,
second generating means for generating a second key which
is changed at a predetermined timing while the data is
deciphered, and producing means for producing the crypto-
graphic key using the first key and the second key.

According to a still further aspect of the present invention,
there is provided a deciphering method, comprising the steps
of receiving enciphered data, deciphering the received data
using a cryptographic key, generating a first key, generating
a second key which is changed at a predetermined timing
while the data is deciphered, and producing the crypto-
graphic key using the first key and the second key.

With the deciphering apparatus and the deciphering
method, since a cryptographic key is produced using a first
key and a second key which is changed at a predetermined
timing while data is deciphered, enciphered data can be
deciphered with a higher degree of security.

According to a yet further aspect of the present invention,
there is provided an information processing system, com-
prising a plurality information processing apparatus con-
nected to each other by a bus, the information processing
apparatus including first information processing apparatus
each having a function whose change is not open to a user,
and second information processing apparatus each having a
function whose change is open to a user, each of the first
information processing apparatus including first receiving
means for receiving enciphered data, first deciphering means
for deciphering the data received by the first receiving
means using a cryptographic key, first generating means for
generating a first key, second generating means for gener-
ating a second key which is changed at a pfedetcrmineT_/,
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timing while the data is deciphered, and first producing
means for producing the cryptographic key using the first
key generated by the first generating means and the second
key generated by the second generating means, each of the
second information processing apparatus including second
receiving means for receiving enciphered data, third gener-
ating means for generating the first key, fourth generating
means for generating the second key which is changed at a
predetermined timing while the data is deciphered, second
producing means for producing a first cryptographic key
using one of the first key generated by the third generating
means and the second key generated by the fourth generat-
ing means, third producing means for producing a second
cryptographic key using the other of the first key generated
by the third generating means and the second key generated
by the fourth means, second deciphering means for deci-
phering the enciphered data received by the receiving means
using the first cryptographic key, and third deciphering
means for further deciphering the data deciphered by the
second deciphering means using the second cryptographic
key.

According to a yet further aspect of the present invention,
there is provided an information processing method for an
information processing system composed of a plurality
information processing apparatus connected to each other by
a bus, the information processing apparatus including first
information processing apparatus each having a function
whose change is not open to a user, and second information
processing apparatus each having a function whose change
is open to a uscr, comprising the steps performed by each of
the first information processing apparatus of receiving enci-
phered data, deciphering the data received in the receiving
step using a cryptographic key, generating a first key,
generating a second key which is changed at a predeter-
mined timing while the data is deciphered, and producing
the cryptographic key using the first key generated in the
first generating step and the second key generated in the
second generating step, and the steps performed by each of
the second information processing apparatus of receiving
enciphered data, generating the first key, generating the
second key which is changed at a predetermined timing
while the data is deciphered, producing a first cryptographic
key using one of the first key and the second key, producing
a second cryptographic key using the other of the first key
and the second key, deciphering the enciphered data
received in the receiving step using the first cryptographic
key, and deciphering the deciphered data further using the
second cryptographic key.

With the information processing system and the informa-
tion processing method, since, in the first information pro-
cessing apparatus which have functions whose change is not
open to a user, a cryptographic key is produced using a first
key and a second key which is changed at a predetermined
timing while data is deciphered, but in the second informa-

tion processing apparatus which have functions whose

change is open to a user, a first cryptographic key is
produced using one of a first key and a second key which is
changed at a predetermined timing while data is deciphered,
and then a second cryptographic key is produced using the
other, whereafter the enciphered data is deciphered using the
first cryptographic key, and the deciphered data is further
deciphered using the second cryptographic key, the infor-
mation processing apparatus and method has a higher degree
of reliability than ever.

According to a yet further aspect of the present invention,
there is provided an information processing apparatus, com-
prising receiving means for receiving data transmitted
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thereto through a bus, producing means composed of a
software program for producing a first cryptographic key
and a second cryptographic key which is changed at a
predetermined timing while the data is deciphered from the
data received by the receiving means, first deciphering
means for deciphering the enciphered data received by the
receiving means using one of the first cryptographic key and
the second cryptographic key produced by the producing
means, and second deciphering means for deciphering and
processing the data deciphered by the first deciphering
means further using the other of the first cryptographic key
and the second cryptographic key produced by the produc-
ing means.

According to a yet further aspect of the present invention,
there is provided an information processing method, com-
prising the steps of receiving data transmitted thereto
through a bus, producing, from the received data, a first
cryptographic key and a second cryptographic key which is
changed at a predetermined timing while the data is deci-
phered, deciphering the received enciphered data using one
of the first cryptographic key and the second cryptographic
key, and deciphering the deciphered data further using the
other of the first cryptographic key and the second crypto-
graphic key.

With the information processing apparatus and the infor-
mation processing method, since a first cryptographic key
and a second cryptographic key which is changed at a
predetermined timing while data is deciphered are produced
based on a software program, decipherment can be per-
formed for each application program, and illegal copying
can be prevented with a higher degree of accuracy.

The above and other objects, features and advantages of
the present invention will become apparent from the fol-
lowing description and the appended claims, taken in con-
junction with the accompanying drawings in which like
parts or elements are denoted by like reference characters.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing an example of a
construction of an information processing system to which
the present invention is applied;

FIG. 2 is a block diagram showing an example of internal
constructions of a DVD player, a personal computer and a
magneto-optical disk apparatus shown in FIG. 1;

FIG. 3 is a block diagram illustrating an authentication
procedure performed in the information processing system
of FIG. 1;

FIG. 4 is a timing chart illustrating the authentication
procedure illustrated in FIG. 3;

FIG. 5 is a diagrammatic view illustrating a format of a
node_unique_ID;

FIG. 6 is a timing chart illustrating another authentication
procedure;

FIG. 7 is a similar view but illustrating a further authen-
tication procedure;

FIG. 8 is a similar view but illustrating a still further
autheatication procedure;

FIG. 9 is a similar view but illustrating a yet further
authentication procedure;

FI1G. 10 is a block diagram illustrating an enciphering
procedure;

FIG. 11 is a block diagram showing an example of a
construction of a 1394 interface used in the enciphering
procedure of FIG. 10;

FIG. 12 is a block diagram showing an example of 2 more

detailed construction of the 1394 interface of FIG. 11; 4:
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FIG. 13 is a block diagram showing an example of a more
detailed construction of a linear feedback shift register
shown in FIG. 12;

FIG. 14 is a block diagram showing an example of a more
detailed construction of the linear feedback shift register of
FIG. 13;

FIG. 15 is a block diagram showing an example of a
construction of a 1394 interface used in the enciphering
procedure of FIG. 10.

FIG. 16 is a block diagram showing an example of a more
detailed construction of the 1394 interface of FIG. 15;

FIG. 17 is a block diagram showing an example of a
construction of a 1394 interface used in the enciphering
procedure of FIG. 10;

FIG. 18 is a block diagram showing an example of a more
detailed construction of the 1394 interface of FIG. 17,

FIG. 19 is a block diagram showing an example of a
construction of an application section used in the encipher-
ing procedure of FIG. 10;

FIG. 20 is a block diagram showing an example of a more
detailed construction of the application section of FIG. 19;

FIG. 21 is a block diagram showing another example of
the construction of the 1394 interface used in the encipher-
ing procedure of FIG. 10:

F1G. 22 is a block diagram showing another example of
the construction of the 1394 interface used in the encipher-
ing procedure of FIG. 10;

FIG. 23 is a block diagram showing another example of
the construction of the 1394 interface used in the encipher-
ing procedure of FIG. 10; and

FIG. 24 is a block diagram showing another example of
the construction of the application section used in the
enciphering procedure of FIG. 10.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring first to FI1G. 1, there is shown an exemplary
information processing system to which the present inven-
tion is applied. The information processing system shown
includes a DVD player 1, a personal computer 2, an mag-
neto-optical disk apparatus 3, a data broadcasting receiver 4,
a monitor 5 and a television receiver 6 all connected to each
other by an IEEE 1394 serial bus 11.

Referring now FIG. 2, there are shown more detailed
internal constructions of the DVD player 1, personal com-
puter 2 and magneto-optical disk apparatus 3 of the infor-
mation processing system shown in FIG. 1. The DVD player
1 is connected to the 1394 bus 11 by a 1394 interface 26. The
DVD player 1 includes a CPU 21 which executes various
processes in accordance with programs stored in a ROM 22.
A RAM 23 is used to suitably stores data, programs and so
forth necessary for the CPU 21 to execute various processes.
An operation section 24 is formed from buttons, switches, a
remote controller and so forth, and when it is operated by a
user, it outputs a signal corresponding to the operation. A
drive 25 drives a DVD not shown to reproduce data recorded
on the DVD. An EEPROM (Electrically Erasable Program-
mable Read Only Memory) 27 stores information such as
key information which must remain stored also after the
power supply to the apparatus is turned off. An internal bus
28 connects the components to each other.

The magneto-optical disk apparatus 3 includes a CPU 31,
a ROM 32, a RAM 33, an operation section 34, a drive 35,
a 1394 interface 36, an EEPROM 37 and an internal bus 38
which have similar functions to those of the DVD player 1
described above. Here, description of the similar compo-
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nents is omitted to avoid redundancy. It is to be noted,
however, that the drive 35 drives not a DVD but a magneto-
optical disk not shown to record or reproduce data onto or
from the magneto-optical disk.

The personal computer 2 is connected to the 1394 bus 11
via a 1394 interface 49. The personal computer 2 includes a
CPU 41 which executes various processes in accordance
with programs stored in a ROM 42, and a RAM 43 into
which data, programs and so forth necessary for the CPU 41
to execute various processes are stored suitably. A keyboard
45 and a mouse 46 are connected to an input/output interface
44, and the input/output interface 44 outputs signals inputted
thereto from the keyboard 45 and the mouse 46 to the CPU
41. Further, a hard disk drive (HDD) 47 is connected to the
input/output interface 44 so that data, programs and so forth
can be recorded onto and reproduced from a hard disk not
shown by the hard disk driver 47. Further, an extended board
48 can be suitably mounted onto the input/output interface
44 so that a necessary function can be additionally provided

to the personal computer 2. An EEPROM 50 is used to store

information which must remain stored also after the power
supply to the personal computer 2 is turned off such as
information of various keys. An internal bus 51 is formed
from, for example, a PCI (Peripheral Component Intercon-
nect) bus, a local bus or the like and connects the compo-
nents mentioned above to each other.

It is to be noted that the internal bus 51 is open to the user
so that the user can suitably receive data transmitted by the
internal bus 51 by suitably connecting a predetermined
board to the extended board 48 or by producing and install-
ing a predetermined software program.

In contrast, in any of consumer electronics (CE) apparatus
such as the DVD player 1 and the magneto-optical disk
apparatus 3, the internal bus 28 or the internal bus 38 is not
open to a user and the user cannot acquire data transmitted
in it unless special alteration is performed for it.

Subsequently, a procedure of authentication performed
between a source and a sink is described. Here, the authen-
tication procedure is performed, for example, as seen in FIG.
3, between firmware 20 as one of software programs stored
in advance in the ROM 22 of the DVD player 1 serving as
a source and a license manager 62 as one of sofiware
programs stored in the ROM 42 of the personal computer 2
serving as a sink and processed by the CPU 41.

FIG. 4 illustrates a procedure of authentication performed
between the source (DVD player 1) and the sink (personal
computer 2). A service key (service_key) and a function
(hash) are stored in advance in the EEPROM 27 of the DVD
player 1. They are both provided to the user of the DVD
player 1 from the proprietor of copyright, and the user stores
them in the EEPROM 27 secretly.

The service key is provided for each information provided
by the proprietor of copyright and is common to systems
which are constructed using the 1394 bus 11. It is to be noted
that the system in the present specification signifies a general
apparatus formed from a plurality of apparatus.

The hash function is a function for outputting data of a
fixed length such as 64 bits or 128 bits in response to an
input of an arbitrary length, and is a function with which,
when y(=hash(x)) is given, it is difficult to determine x, and
also it is difficult to determine a set of x1 and x2 with which
hash(x1)=hash(x2) is satisfied. As representative ones of
one-directional hash functions, MD5, SHA and so forth are
known. The one-directional hash function is explained in

Edition), Wiley”.

detail in Bruce Schneier, “Applied Cryptography (Second F
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Meanwhile, for example, the personal computer 2 as a
sink stores an identification number (ID) and a license key
(license_key) given from the proprietor of copyright and
peculiar to the personal computer 2 itself secretly in the
EEPROM 50. The license key is a value obtained by
applying the hash function to data (ID 1! service_key) of n+m
bits obtained by conuecting the ID of n bits and the service
key of m bits. In particular, the license key is represented by
the following expression:

license_key=has(ID | | service_key)

For the 1D, for example, a node_unique_ID prescribed in
the standards for a 1394 bus can be used. The node_u-
nique_ID is composed of, as seen from FIG. 5, 8 bytes (64
bits), wherein the first 3 bytes are managed by the IEEE and
given from the IEEE to the individual maker of electronic
apparatus. Meanwhile, the lower S bytes can be given by
each maker to each apparatus provided to any user by the
maker itself. Each maker applies, for example, numbers of
the lower 5 bytes serially to individual apparatus with a
single number applied to one apparatus, and if all available
numbers for the 5 bytes are used up, then another node_u-
nique_ID whose upper 3 bytes are different is given (o the
maker whereas a single number is applied to one apparatus
with the lower 5 bytes. Accordingly, the node_unique_ID is
different among diffcrent units irrespective of its maker and
is unique to each unit.

In step S1, the firmware 20 of the DVD player 1 controls
the 1394 interface 26 to request the personal computer 2 for
an ID through the 1394 bus 11. The license manager 62 of
the personal computer 2 receives the request for an 1D in
step S2. In particular, the 1394 interface 49 outputs, when it
receives the signal of the request for an ID transmitted
thereto from the DVD player 1 through the 1394 bus 11, the
signal to the CPU 41. The license manager 62 of the CPU 41
reads out, when the request for an ID is received, the ID
stored in the EEPROM 50 and transmits the ID from the
1394 bus 11 to the DVD player 1 through the 1394 interface
49 in step S3.

In the DVD player 1, the ID is received by the 1394
interface 26 in step S4 and supplied to the firmware 20
which is being operated by the CPU 21.

The firmware 20 couples, in step SS, the ID transmitted
thereto from the personal computer 2 and the service
key stored in the EEPROM 27 to produce data (ID ! |
service_key) and applies a hash function as given by the
following expression to the data to produce a key lk:

Lk=hash(ID | service_key)

Then, in step S6, the firmware 20 produces a crypto-
graphic key sk which is hereinafier described in detail. The
cryptographic key sk is utilized as a session key in the DV
player 1 and the personal computer 2.

Then, in step S7, the firmware 20 enciphers the crypto-
graphic key sk produced in step S6 using the key lk

45

produced in step S5 as a key to obtain enciphered data

(enciphered key) e. In other words, the firmware 20 calcu-
lates the following expression:

e=Enc (lk,sk)

where Enc(A, B) represents to encipher data B using a key
A in a common key cryptography.

Then, in step S8, the firmware 20 transmits the enciphered
data e produced in step S7 to the personal computer 2. In
particular, the enciphered data e is transmitted from the 1394
interface 26 of the DVD player 1 to the personal computer
2 through the 1394 bus 11. In the personal computer 2, the

60
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enciphered data e is received by the 1394 interface 49 in step
S59. The license manager 62 deciphers the enciphered data e
received in this manner using the license key stored in the
EEPROM 50 in accordance with the following expression to
produce a deciphering key sk":

sk'=Dec (license_key.e)

where Dec(A, B) represents to decipher data B using a key
A in a common key cryptography.

It is to be noted that, as an algorithm for encipherment in
the common key cryptography, the DES is known. Also the
common key cryptography is explained in detail in “Applied
Cryptography (Second Edition)” mentioned hereinabove.

The key lk produced in step S5 by the DVD player 1 has
a value equal to that (license_key) stored in the EEPROM 50
of the personal computer 2. In other words, the following
expression is satisfied:

lk=license_key

Accordingly, the key sk' obtained by the decipherment in
step S10 by the personal computer 2 has a value equal to that
of the cryptographic key sk produced in step S6 by the DVD
player 1. In other words, the following expression is satis-
fied:

sk'=sk

In this manner, the keys sk and sk' which are equal to cach
other can be possessed commonly by both of the DVD
player 1 (source) and the personal computer 2 (sink). Thus,
either the key sk can be used as it is as a cryptographic key,
or a pseudo-random number may be produced based on the
key sk and used as a cryptographic key by both of the source
and the sink.

Since the license key is produced based on the 1D peculiar
to the apparatus and the service key corresponding to
information to be provided as described above, another
apparatus cannot produce the key sk or sk'. Further, any
apparatus which is not authorized by the propretcr of
copyright cannot produce the sk or sk’ since it does not have
a license key. Accordingly, when the DVD player 1 there-
after enciphers reproduction data using the cryptographic
key sk and transmits resulting data to the personal computer
2, where the personal computer 2 has the license key
obtained legally, since it has the cryptographic key sk', it can
decipher the enciphered reproduction data transmitted
thereto from the DVD player 1. However, where the per-
sonal computer 2 is not legal, since it does not have the
cryptographic key sk', it cannot decipher the enciphered
reproduction data transmitted thereto. In other words, since
only a legal apparatus can producc the common crypto-
graphic keys sk and sk', authentication is performed as a
result.

Even if the license key of the single personal computer 2
is stolen, since the ID is different among different units, it is
impossible for another apparatus to decipher enciphered data
transmitted thereto from the DVD player 1 using the license
key. Accordingly, the security is augmemed.

FIG. 6 illustrates zn exemplary procedure when not only
the personal computer 2 but also the magneto-optical disk
apparatus 3 function as a sink with respect to a source (DVD
player 1).

In this instance, an ID1 is stored as an 1D and a
license_key1 is stored as a license key in the EEPROM 50
of the personal computer 2 which serves as a sinkl, but in
the magneto-optical disk apparatus 3 which serves as a
sink2, an ID2 is stored as an ID and a license _key2 is stored
as a license key in the EEPROM 37.
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Processes in steps S11 to S20 performed between the
DVD player 1 (source) and the personal computer 2 (sink1)
are substantially similar to the processes in steps S1 to S10
illustrated in FIG. 4. Therefore, description of the processes
in steps S11 to S20 is omitted to avoid redundancy.

After the DVD player 1 cooperates with the personal
computer 2 to perform an authentication procedure in such
a manner as described above, it requests, in step S21, the
magpeto-optical disk apparatus 3 for an ID. When the ID
requesting signal is received via the 1394 interface 36 in step
S22 by the magneto-optical disk apparatus 3, firmware 30
(FIG. 10) in the magneto-optical disk apparatus 3 reads out
the ID (ID2) stored in the EEPROM 37 in step S23 and
transmits the ID from the 1394 interface 36 to the DVD
player 1 through the 1394 bus 11. The firmware 20 of the
DVD player 1 receives the ID2 via the 1394 interface 26 in
step S24 and produces a key 1k2 based on the following
expression in step S25:

“Ik2=hash(ID2 | | service_key)

Further, the firmware 20 calculates the foilowing expres-
sion in step S26 to encipher the key sk produced in step S16
using the key 1k2 produced in step S25 to produce enci-
phered data e2:

e2=Enc(lk2,sk)

Then, in step S27, the firmware 20 transmits the enci-
phered data €2 from the 1394 interface 26 to the magneto-
optical disk apparatus 3 through the 1394 bus 11.

The magneto-optical disk apparatus 3 receives the enci-
phered data e2 via the 1394 interface 36 in step S28, and
calculates the following expression in step S29 to produce a
cryptographic key sk2':

sk2'=Dec(license_key2, e2)

The cryptographic keys sk1' and sk2' are obtained by the
personal computer 2 and the magneto-optical disk apparatus
3, respectively, in such a manner as described above. The
values of them are an equal value to the cryptographic key
sk of the DVD player 1.

While, in the procedure of FIG. 6, the DVD player 1
requests the personal computer 2 and the magneto-optical
disk apparatus 3 individually for an ID and processes the
received IDs, where a request for an ID can be delivered by
broadcast communication, such a procedure as illustrated in
FIG. 7 can be performed.

In particular, in the procedure of FIG. 7, the DVD player
1 as a source requests all sinks, which are, in the present
procedure, the personal computer 2 and the magneto-optical
disk apparatus 3, for an ID by broadcast communication.
After the personal computer 2 and the magneto-optical disk
apparatus 3 receive the signal of the request for transfer of
an ID in steps S42 and S43, respectively, each of them reads
out the ID1 or the ID2 stored in the EEPROM 50 or the
EEPROM 37 and transfers it to the DVD player 1 in step S44
or step S45. The DVD player 1 receives the IDs in steps S46
and S47.

The DVD player 1 produces a cryptographic key Ikl
based on the following expression in step S48:

Ik1=hash(ID1 | | service_key)

Further, in step S49, a cryptographic key 1k2 is produced
based on the following expression:

lk2=has(ID2 1 | service_key)

In the DVD player 1, a cryptographic key sk is produced
further in step 850, and in step S51, the cryptographic key
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sk is enciphered as given by the following expression using
the key 1k1 as a key:

el=Enc(lkl,sk)

Further, in step 852, the cryptographic key sk is enci-
phered in accordance with the following expression using
the key 1k2 as a key:

e2=Enc(lk2,sk)

Furthermore, in step S53, the values ID1, el, ID2 and e2
thus obtained are coupled as given by the following expres-
sion to produce enciphered data e:

e=ID1 llelilID21te2

The enciphered data e produced in the DVD player 1 in
such a manner as described -above is transmitted to the
personal computer 2 and the magneto-optical disk apparatus
3 by broadcast communication further in step S54.

The personal computer 2 and the magneto-optical disk
apparatus 3 receive the enciphered data e in steps S55 and
$56, respectively. Then, in the personal computer 2 and the
magneto-optical disk apparatus 3, calculation indicated by
the following expressions is performed in steps S57 and S58
so that cryptographic keys sk1' and sk2' are produced,
respectively:

skl'=Dec(license_keyl el)

sk2'=Dec(license_key2,e2)

FIG. 8 illustrates an example of a procedure where one
sink can enjoy a plurality of services (decipherment of a
plurality of kinds of information). Referring to FIG. 8, in the
present procedure, for example, the personal computer 2
serving as a sink has a plurality of license keys (li-
cense_keyl, license_key2, license_key3 and so forth) stored
in the EEPROM 50 thereof. The DVD player 1 serving as a
source has a plurality of service keys (service_keyl, ser-
vice_key2, service_key3 and so forth) stored in the
EEPROM 27 thereof. In this instance, when the DVD player
1 requests the personal computer 2 as a sink for an ID in step
$81, it transfers a service_ID for identification of informa-
tion (a service) to be transferred subsequently from the DVD
player 1. When the personal computer 2 receives the servi-
ce_ID in step S82, it selects one of the plurality of license
keys stored in the EEPROM 50 which corresponds to the
service_ID and performs deciphering processing in step S90
using the selected license key. The other operations are
similar to those illustrated in FIG. 4. -

FIG. 9 illustrates a further example of a procedure. In the
present procedure, the DVD player 1 serving as a source has
a service_key, a hash function and a pseudo-random number
generation function pRNG stored in the EEPROM 27
thereof. They have been given from the proprietor of copy-
right and are stored secretly. Meanwhile, in the EEPROM 50
of the personal computer 2 serving as a sink, an ID, LK, LK',
function G and pseudo-random number generation function
pRNG given thereto from the proprietor of copyright are
stored.

LK is a unique random number produced by the propri-
etor of copyright, and LK' is produced so that it may satisfy
the following expressions:

LK*=G™1(R)
R=pRNG(H)(+)pRNG(LK)

H=hash(ID 1 | service_key)

pr‘age 184 of 203 Page ID

%




Case 2:10-cv-09967-CAS

JW Document1l Filed 12/28/
#:193

US 7,242,769 B2

1

It is to be noted that G*~1 signifies an inverse function of
G. G"-1 has such a characteristic that it can be calculated
simply if a predetermined rule is known, but if the rule is not
known, it is difficult to calculate. For such a function, a
function which is used for a public key cryptography can be
used.

Further, the pseudo-random function gencration function
may be provided as hardware.

The firmware 20 of the DVD player 1 first requests the
license manager 62 of the personal computer 2 for an ID in
step S101. The license manager 62 of the personal computer
2 reads out, when it receives the ID requesting signal in step
$102, the ID stored in the EEPROM 50 and transfers it to the
DVD player 1 in step S103. The firmware 20 of the DVD
player 1 receives this ID in step S104 and calculates the
following expression in step S105:

H=hash(ID ! | service_key)

Further, the fimware 20 produces a key sk in step S106
and calculates the following expression in step S107:

e=sk(+)pRNG(H)

It is to be noted that A (+) B represents operation of
exclusive ORing of A and B.

In other words, the key sk is enciphered by operating
exclusive ORing, for each bit, of a result pRNG (H) obtained
by inputting H calculated in step S105 to the pseudo-random
genenation key pRNG and the key sk produced in step S106.

Then, in step S108, the firmware 20 transmits e to the
personal computer 2.

In the personal computer 2, this e is received in step S109,
and the following expression is calculated in. step S110:

sk'=e(+)GLE)+)pRNG(LK)

In particular, exclusive ORing of e transmitted from the
DVD player 1, the value G(LK') obtained by applying LK'
stored in the EEPROM 50 to the function G also stored in
the EEPROM S0 and the result pRNG(LK) obtained by
applying LK' stored in the EEPROM 50 to the pseudo-
random number generation function pRNG also stored in the
EEPROM 50 is calculated to obtain a key sk'.

Here, as seen from the following expression, sk=sk"

sk’ = e(+)GILK X+ )pRNG(LK)
= sk(+)pRNG(H)(+)R(+)pRNG(LK)
= sk(+)pRNG(H)(+)pRNG{H) + pRNG(LK)(+)pRNG(LK)

= sk

In this manner, the DVD player 1 as a source and the
personal computer 2 as a sink can possess the cryptographic
keys sk and sk', which are equal to cach other, commonly.
Since only the proprictor of copyright can produce LK and
LK, even if the source tries to produce LK or LK' illegally,
it cannot produce the same, and consequently, the security
can be further promoted.

While, in the description above, authentication is per-
formed between a source and a sink, for example, the
personal computer 2 can normally use an arbitrary applica-
tion program as a load. Further, as such application program,
an application program produced illegally may be used.
Accordingly, for each application program, it must be dis-
criminated whether or not it is licensed from the proprietor
of copyright. Therefore, as shown in FIG. 3, also between
each application soction 61 and the license manager 62,
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authentication processing may be performed in such a
manner as described above. In this instance, the license
manager 62 serves as a source, and the application section
61 serves as a sink.

Subsequently, operation when, after authentication is per-
formed (after common possession of a cryptographic key is
performed), enciphered data is transferred from a source
using a cryptographic key to a sink and the enciphered data
is deciphered by the sink is described.

In an apparatus whose internal functions are not open to
an ordinary user such as the DVD player 1 or the magneto-
optical disk apparatus 3, processing of encipherment and
decipherment of data communicated through the 1394 bus
11 is performed by the 1394 interface 26 or the 1394
interface 36. While, for the encipherment and the decipher-
ment, a session key S and a time variable key i are used, the
session key S and the time variable key i (more accurately,
a key 1" to be used for production of the time variable key i)
are supplied from the firmware 20 or the firmware 30 to the
1354 interface 26 or the 1394 interface 36, respectively. The
session key S is composed of an initial value key Ss to be
used as an initial value and a disturbance key Si to be used
for disturbing the time variable key i. The initial value key
Ss and the disturbance key Si can be composed of upper bits
and lower bits of predetermined bit numbers of a crypto-
graphic key sk (=sk') produced in the authentication
described above, respectively. The session key S is suitably
updated for each session, for example, for information of
each one movie or for each reproduction. In contrast, the
time variable key i produced from the disturbance key Si and
the key i' is updated frequently in one session, and for
example, time information at a predetermined timing or the
like can be used.

Now, it is assumed that video data reproduced by and
outputted from the DVD player 1 service as a source is
transmitted to the magneto-optical disk apparatus 3 and the
personal computer 2 through the 1394 bus 11 so that it is
deciphered by the magneto-optical disk apparatus 3 and the
personal computer 2. In this instance, in the DVD player 1,
enciphering processing is performed using the session key S
and the time variable key i by the 1394 interface 26. In the
magneto-optical disk apparatus 3, deciphering processing is
performed using the session key S and the time variable key
i by the 1394 interface 36.

In contrast, in the personal computer 2, the license man-
ager 62 supplies the initial value key Ss of the session key
S 1o the application section 61 and supplies the disturbance
key Si and the time variable key i (more accurately, the key
i' for production of the time variable key i) to the 1394
interface 49 (link portion). Then, by the 1394 interface 49,
a time variable key i is produced from the disturbance key
Si and the key i’ and decipherment is performed using the
time variable key i, and the deciphered data is further
deciphered using the session key S (more accurately, the
initial value key Ss) by the application section 61.

In this manner, in the personal computer 2, since the
internal bus 51 is open to a user, only decipherment in the
first stage is performed by the 1394 interface 49 so that
resulting data still remains in a condition of a cryptograph.
Then, further decipherment in the second stage is performed
by the application section 61 to produce a non-cryptograph.
By this, the personal computer 2 is inhibited from adding a
function suitably to the same to copy data (a non-crypto-
graph) communicated by the internal bus 51 onto the hard
disk 47 or any other apparatus.

In this manner, in the present system, while, in a CE
apparatus whosc intcrmal bus is not open, an enciphering or
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deciphering procedure is performed once using a session key
8 and a time variable key i, in another apparatus (the
personal computer 2 or the like) whose intemal bus is open,
a deciphering procedure is performed separately as a deci-
phering procedure in which the time variable key i is used
and another deciphering procedure in which the session key
S is used. In order to allow both of the deciphering procedure
by one stage and the deciphering procedure by two separate
stages to be performed in this manner, the following expres-
sion must be satisfied:

Dec(S,Dec(i, Enc(algo(S+i),Data)))=Data

where algo(S+i) represents a result obtained by inputting the
session key S and the time variable key i to a predetermined
algorithm.

FIG. 11 shows an example of a construction of the 1394
interface 26 which satisfies the expression above. Referring
to FIG. 11, in the 1394 interface 26 shown, data of m bits
produced by an additive generator 71 is supplied to a shrink
generator 73. Meanwhile, a linear feedback shift register
(LFSR) 72 outputs data of 1 bit and supplies it to the shrink
generator 73. The shrink generator 73 selects the output of
the additive generator 71 in response to the output of the
linear feedback shift register 72 and outputs the selected data
as a cryptographic key to an adder 74. The adder 74 adds an
inputted non-cryptograph (data of m bits to be transmitted to
the 1394 bus 11) and the data of m bits (cryptographic key)
supplied from the shrink generator 73 and outputs a result of
the addition as a cryptograph (enciphered data) to the 1394
bus 11.

The addition processing of the adder 74 is addition of the
output of the shrink generator 73 and a non-cryptogr aph by
mod 2"m (" signifies a power exponent). In other words, data
of m bits are added to each other, and a sum with a
carry-over ignored is outputied.

FIG. 12 shows an example of a more detailed construction
of the 1394 interface 26 shown in FIG. 11. Of the session key
S outputted from the firmware 26, the initial value key Ss is
transferred via an adder 81 to and stored into a register 82.
The initial value key Ss is composed of, for example, 55
words (one word has a width from 8 bits to 32 bits). Further,
of the session key S supplied from the firmware 20, the
disturbance key Si composed of, for example, 32 bits of the
LSB (Least Significant Bit) side is stored into another
register 85.

A key i' is stored into a further register 84. Here, for
example, each time one packet is transmitted through the
1394 bus 11, a key 1' of 2 bits is supplied to the register 84,
and when a key 1' for 16 packets (32 bits) is stored into the
register 84, it is added to the disturbance key Si of 32 bits
stored in the register 85 by an adder 86 and is supplied as a
final time variable key i to the adder 81. The adder 81 adds
the value currently stored in the register 82 and the time
variable key i supplied from the adder 86 and supplies a
result of the addition to the register 82 so that it is stored into
the register 82.

Where the number of bits of a word of the register 82 is,
for example, 8, since the time variable key i outputted from
the adder 86 is 32 bits, the time variable key i is divided into
four parts of 8 bits, and each 8 bits are added to the word of
a predetermined address (0 to 54) of the register 82.

After the initial value key Ss is first stored into the register
82 in this manner, it is updated with the time variable key i
each time a non-cryptograph for 16 packets is transmitted.

An adder 83 selects predetermined 2 words (in the case of
a timing illustrated in FIG. 12, the words at the address 23
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and the address 54) of the 55 words stored in the register 82,
and adds the two selected words and outputs a resulting
word to the shrink generator 73. Further, the output of the
adder 83 is transferred, at the timing illustrated in FIG. 12,
to the address 0 of the register 82 so that it is stored in place
of the preceding stored value at the address 0.

Then, at the next timing, the addresses of the two words
1o be supplied to the adder 83 are shified upwardly by one
word in FIG. 12 from the address 54 and the address 23 to
the address 53 and the address 22, respectively, and also the
address to be updated with the output of the adder 83 is
shified to a higher address in the figure. However, since an
address higher than the address 0 is not present, in this
instance, the address is shifted to the address 54.

It is to be noted that the adders 81, 83 and 86 may
otherwise operate exclusive ORing.

The linear feedback shift register 72 is composed of, for
example, as shown in FIG. 13, a shift register 101 of n bits,
and an adder 102 for adding values of predetermined bits
(registers) of the n bits of the shift register 101. The shift
register 101 stores a bit supplied from the adder 102 into the
register b, lefimost in FIG. 13 and shifis data which has been
stored there till then to the next register b,_, on the right
side. Also the registers b,_,, b,_,, . . . perform similar
processing. Then, at a further next timing, a value obtained
by addition of the values of the bits by the adder 102 is
stored into the leftmost bit b, in FIG. 13. The operations
described above are successively repeated while an output is
successively outputted one by one bit from the rightmost
register b, in FIG. 13.

While FIG. 13 shows an example of an ordinary con-
struction, more particularly the linear feedback shift register
72 may be constructed in such a manner as shown, for
example, in FIG. 14. In the linear feedback shift register 72
shown in FIG. 14, the shift register 101 is composed of 31
bit, and the value of the register b, at the right end in FIG.
14 and the register b, at the left end in FIG. 14 are added
by the adder 102, and a result of the addition is fed back to
the register b,,.

When the data of 1 bit outputted from the linear feedback
shift register 72 has the logical value 1, a condition dis-
crimination section 91 transfers data of m bits supplied from
the adder 83 of the additive generator 71 as it is to a FIFO
(first-in first-out) memory 92 so as to be stored into the FIFO
92. On the other hand, when the data of 1 bit supplied from
the linear feedback shift register 72 has the logic value 0, the
condition discrimination section 91 does not accept the data
of m bits supplied from the CPU 31 but interrupts the
enciphering processing. In this manner, only those of data of
m bits produced by the additive generator 71 which are
outputted at timings at which the linear feedback shift
register 72 outputs the logical value 1 are selected and stored
into the FIFO 92 of the shrink generator 73.

The data of m bits stored in the FIFO 92 is supplied as a
cryptographic key to the adder 74, by which it is added to
data of a non-cryptograph to be transmitted (reproduction
data from a DVD) to produce a cryptograph.

The enciphered data is supplied from the DVD player 1 to
the magneto-optical disk apparatus 3 and the personal com-
puter 2 through the 1394 bus 11.

The 1394 interface 36 of the magneto-optical disk appa-
ratus 3 has such a construction as shown in FIG. 15 in order
to decipher data received from the 1394 bus 11. Referring to
FIG. 15, in the 1394 interface 36 shown, data of m bits
outputted from an additive generator 171 and data of 1 bit
outputted from a linear feedback shift register 172 are
supplied (o a shrink generator 173. Then, a key of m bits
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outputted from the shrink generator 173 is supplied to a
subtractor 174. The subtractor 174 subtracts the key supplied
from the shrink generator 173 from a cryptograph to deci-
pher the cryptograph into a non-cryptograph.

In particular, the 1394 interface 36 shown in FIG. 15 has
a basically similar construction to the 1394 interface 26
shown in FIG. 11, but is different only in that the adder 74
shown in FIG. 11 is replaced by the subtractor 174.

FIG. 16 shows an example of a more detailed construction
of the 1394 interface 36 shown in FIG. 15. Referring to FIG.
16, while also the 1394 interface 36 has a basically similar
construction to the 1394 interface 26 shown in FIG. 12, the
adder 74 shown in FIG. 12 is replaced by the subtractor 174.
The other components of the additive generator 171, the
linear feedback shift register 172, the shrink generator 173,
an adder 181, a register 182, another adder 183, registers 184
and 185, a further adder 186, a condition discrimination
section 191 and a FIFO 192 correspond 1o the additive
generator 71, linear feedback shift register 72, shrink gen-
erator 73, adder 81, register 82, adder 83, registers 84 and
85, adder 86, condition discrimination section 91 and FIFO
92 shown in FIG. 12, respectively.

Accordingly, since operation of the 1394 interface 36 is
basically same as that of the 1394 interface 26 shown in FIG.
12, overlapping description of it is omitted here to avoid
redundancy. However, in the 1394 interface 36 of FIG. 16,
a key of m bits outputted from the FIFO 192 of the shrink
generator 173 is subtracted from a cryptograph by the
subtractor 174 1o decipher the cryptograph into a non-
cryptograph.

As described above, in the 1394 interface 36, enciphered
data are deciphered at a time using the session key S (initial
value key Ss and disturbance key-Si) and the time variable
key i.

In contrast, as described above, in the personal computer
2, decipherment is performed in two stages individually by
the 1394 interface 49 and the application section 61.

FIG. 17 shows an exemplary construction of the 1394
interface 49 where decipherment is performed by hardware.
Referring to FIG. 17, the 1394 interface 49 shown has a
basic construction similar to that of the 1394 interface 36
shown in FIG. 15. In particular, also the present 1394
interface 49 is composed of an additive generator 271, a
linear feedback shift register 272, a shrink generator 273 and
a subtractor 274, and those components have basically
similar constructions to those of the additive generator 171,
linear feedback shift register 172, shrink generator 173 and
subtractor 174 shown in FIG. 15, respectively. However,
while, in the 1394 interface shown in FIG. 17, similar keys
to those of the 1394 interface 36 shown in FIG. 15 are
supplied as the key i' to be for production of the time
variable key i and the disturbance key Si of the session key
S for disturbing the time variable key i from the license
manager 62 to the additive generator 271, as the initial value
key Ss, an identity element wherein all bits are 0 is supplied.

In particular, as shown in FIG. 18, since all of the bits of
the initial value key Ss are 0, substantially similarly to the
alternative case wherein no initial value key Ss is present, a
cryptographic key is produced based only on the time
variable key i. As a result, the subtractor 274 performs only
decipherment based on the time variable key i of a crypto-
graph. Further, since decipherment based on the initial value
key Ss is not performed, data obtained as a result of the
decipherment does not make a complete non-cryptograph,
but remains in a condition of a cryptograph. Accordingly,
even if the data is fetched from the internal bus 51 and

—
<

w

30

35

40

60

65

16

recorded onto the hard disk 47 or some other recording
medium, it cannot be utilized as it is.

Then, the construction of the application section 61 which
deciphers data deciphered once based on the time variable
key i by hardware in the 1394 interface 49 in such a manner
as described above further by software is composed of, as
shown in FIG. 19, an additive generator 371, a linear
feedback shift register 372, a shrink generator 373 and a
subtractor 374. The basic constructions of the components
are similar to those of the additive generator 171, linear
feedback shift register 172, shrink generator 173 and sub-
tractor 174 shown in FIG. 15, respectively.

However, while, as the initial value key Ss of the session
key S, an ordinary initial value key is supplied in a similar
manaer as in the case of FIG. 15, each of the disturbance key
Si and the key i’ to be used for production of the time
variable key i is data of an identity element wherein all bits
are (.

As a result, as particularly shown in F1G. 20 (the elements
371 10 392 correspond to the elements 171 to 192 shown in
FIG. 16, respectively), since the key i' stored in the register
384 and the disturbance key Si stored in the register 385 are
0 at all bits thereof, also the time variable key i outputted
from the adder 386 is 0 at all bits, and operation substantially
similar to that of the alternative case wherein the time
variable key i is not present is performed. In other words, a
cryptographic key based only on the initial value key Ss is
produced. Then, by the subtractor 374, a cryptograph is
deciphered into a non-cryptograph based on the crypto-
graphic key produced in such a manner as described above.
Since this cryptograph has been obtained by the decipher-
ment in the first stage based on the time variable key i by the
1394 interface 49 as described above, a complete non-
cryptograph can be obtained by performing decipherment in
the second stage based on the initial value key Ss here.

In the magneto-optical disk apparatus 3, when a crypto-
graph is deciphered in such a manner as cescribed above, the
CPU 31 supplies the deciphered data to the drive 35 so that
it may be recorded onto a magneto-optical disk.

Meanwhile, in the personal computer 2, the CPU 41
(application section 61) supplies the data deciphered in such
a manner as described above, for example, to the hard disk
drive 47 so as to be recorded. In the personal computer 2,
while a predetermined board can be connected as the
cxtended board 48 to monitor data communicated by the
internal bus 51, since the element which can finaily decipher
data transmitted to the internal bus 51 is the application
section 61, even if the extended board 48 can monitor the
data for which the decipherment based on the time variable
key. i has been performed by the 1394 interface 49 (the data
for which decipherment based on the session key S has not
been performed as yet), data deciphered completely to a
non-cryptograph cannot be monitored. Therefore, illegal
copying can be prevented. -

Itis to be noted that common possession of a session key
may be performed using, for example, the Diffie-Hellman
method or the like.

It is to be note that, in some other case such as, for
cxample, where the 1394 interface 49 or the application
section 61 of the personal computer 2 has such a compara-
tively low processing capacity that it cannot perform deci-
phering processing, if one or both of the session key and the
time variable key are formed from an identity element on the
source side while they are used with the identity element
alse on the sink side, then communication of data is possible
substantially without using the session key and the time
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variable key. However, where this method is employed, the
possibility that data may be illegally copied increases.

If the application section 61 itself originates from illegal
copying, then there is the possibility that deciphered data
may be copied illegally. However, this can be prevented if
the application section 61 is authenticated by the license
manager 62 in such a manner as described above.

As the authentication method in this instance, in addition
to a common key cryptography, a digital autograph for
which a public key cryptography is used can be utilized.

The 1394 interfaces shown in FIGS. 11,12 and 15 to0 20
described above satisfy a relationship of a homomorphism
(bomomorphism). In particular, when keys K, and K, are
elements of a Galois field G, a result K, K, of a group
operation. of them makes an element of the Galois field G.
Further, the following expression is satisfied with regard to
a predetermined function H:

HK K)=H(K Y H(K))

FIG. 21 shows a further exemplary construction of the
1394 interface 26. In the 1394 interface 26, a session key 8
is supplied to linear feedback shift registers 501 to 503 so
that initialization is performed with it. The widths n, to n, of
the linear feedback shift registers 501 to 503 are individually
approximately 20 bits, and the individual widths n, to n, are
constructed so as to be relatively prime. Accordingly, for
example, of the session key S, for example, the upper n, bits
are initially set to the linear feedback shift register 501, and
the next upper n, bits are initially set to the linear feedback
shift register 502 while the further next upper n, bits are
initially set to the linear feedback shift register 503.

Each of the linear feedback shift registers 501 to 503
performs a shifting operation by m bits when an enable
signal of, for example, the logical value 1 is inputted from
a clocking function 506, and outputs data of m bits. The
value of m may be, for example, 8, 16, 32, 40 or the like.

Outputs of the linear feedback shift register 501 and the
lincar feedback shift register 502 are inputted to an adder
504, by which they are added. Of the addition value of the
adder 504, a carry component is supplied 1o the clocking
function 506 while a sum component is supplied to an adder
505, by which it is added to an output of the linear feedback
shift register 503. A carry component of the adder 505 is
supplied to the clocking function 506 while a sum compo-
nent is supplied to an exclusive OR circuit 508.

The clocking function 506 outputs, since the combination
of the data supplied from the adder 504 and the adder 505
is one of 00, 01, 10 and 11,.data of one of 000 to 111 in
accordance with the combination of the data to the linear
feedback shift registers 501 to 503. Each of the linear
feedback shift registers 501 to 503 performs a shifting
operation of m bits and cutputs new data of m bits when the
logical value 1 is inputted, but when the logical value 0 is
inputted, it outputs data of m bits same as that outputted in
the preceding cycle.

The exclusive OR circuit 508 operates exclusive ORing of
the sum component outputted from the adder 505 and a time
variable key i stored in a register 507 and outputs a result of
the calculation to an exclusive OR circuit 509. The exclusive
OR circuit 509 operates exclusive ORing of a non-crypto-
graph inputted and the cryptographic key inputted from the
exclusive OR circuit 508 and outputs a result of the calcu-
lation as a cryptograph.

FIG. 22 shows another exemplary construction of the
1394 interface 36 of the magneto-optical disk apparatus 3.
Referring to FIG. 22, the 1394 interface 36 shown includes
elements 601 to 609 which are similar 1o the elements 501
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to 509 described hereinabove with reference to FIG. 21,
respectively. Therefor, overlapping description of the similar
components is omitted here to avoid redundancy. The 1394
interface 36 of FIG. 22, however, is different from the 1394
interface 26 of FIG. 21 in that, while, in the 1394 interface
26, enciphering processing is performed, deciphering pro-
cessing is performed in the 1394 interface 36.

FIG. 23 shows another exemplary construction of the
1394 interface 49 of the magneto-optical disk apparatus 3.
Referring to FIG. 23, the 1394 interface 36 shown includes
elements 701 to 709 which are similar to the elements 601
to 609 described hereinabove with reference to FIG. 22,
respectively. However, the session key S initially set to the
linear feedback shift registers 701 to 703 is an identify
element wherein all bits are 0. Accordingly, in the present
instance, deciphering processing is performed substantially
only with the time variable key i stored in the register 707.

FIG. 24 shows an exemplary construction of the applica-
tion section 61 of the personal computer 2. Referring to FIG.
24, the application section 61 shown includes elements 801
to 809 which have basically similar constructions to those of
the elements 601 to 609 described hereinabove with refer-
ence to FIG. 22, respectively. The application section 61 is
different from the 1394 interface 36 of FIG. 22 only in that
the time variable key i to be inputted to the register 807 is
an identity element wherein all bits are 0. Accordingly, in the
application section 61, a cryptographic key is produced and
deciphering processing is performed based only on the
session key S.

It is to be noted that, since the processing illustrated in
FIGS. 19, 20 and 24 is performed by the application section
61, it is processed by software.

While, in the foregoing description, the DVD player 1
serves as a source and the personal computer 2 and the
magneto-optical disk apparatus 3 serve as sinks, any appa-
ratus can serve as a source or a sink.

Further, also the external bus for interconnecting the
different apparatus is not limited to the 1394 bus, but various
buses can be utilized, and also the electronic apparatus to be
connected to the external bus are not limited to those
described above, but an arbitrary apparatus can be con-
nected.

Having now fully described the invention, it will be
apparent to one of ordinary skill in the art that many changes
and modifications can be made theretv without departing
from the spirit and scope of the invention as set forth herein.

What is claimed is: :

1. An enciphering apparatus for enciphering data using a
cryptographic key, comprising:

first providing means for providing first information;

second providing means for providing second information

which is changed during a session;

producing means for producing a cryptographic key based

on the first information and the second information; and
enciphering means for enciphering data using said cryp-
tographic key, wherein said cryptographic key is
changed at a predetermined timing during the session in
accordance with a change in said second information.

2. An enciphering apparatus according to claim 1, further
comprising transmission means for transmitting data enci-
phered with the cryptographic key 1o another apparatus via
a bus.

3. An enciphering method for enciphering data using a
cryptographic key, comprising the steps of:

providing first information;

providing second information which is changed during a

session;
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producing a cryptographic key based upon the first infor-

mation and the second information; and

enciphering data using said cryptographic key, wherein

said cryptographic key is changed at a predetermined
timing during the session in accordance with a change
in said second information.

4. A deciphering apparatus for deciphering data using a
cryptographic key, comprising:

receiving means for receiving enciphered data;

first providing means for providing first information;

second providing means for providing second information

which is changed during a session;

producing means for producing a cryptographic key based

upon the first information and the second information;
and

deciphering means for deciphering said received enci-

phered data using said cryptographic key, wherein said
cryptographic key is changed at a predetermined timing
during the session in accordance with a change in said
second information.

§. A deciphering method for deciphering data using a
cryptographic key, comprising the steps of:

receiving enciphered data;

providing first information;

providing second information which is changed during a

session;

producing a cryptographic key based upon the first infor-

mation and the second information; and

deciphering said received enciphered data using said

cryptographic key, wherein said cryptographic key is
changed at a predeterinined timing during the session in
accordance with a change in said second information.

6. An enciphering apparatus for enciphering data using a
cryptographic key, comprising:

an encipherer;

a first information provider;

a second information provider; and

a cryptographic key producer coupled with said enci-

pherer, whereby said encipherer enciphers data using a
cryptographic key produced by said cryptographic key
producer based upon first information provided by said
first information provider and second information pro-
vided by said second information provider and changed
at a predetermined timing during a session.

7. The enciphering apparatus according to claim 6, funther
comprising a transmitter coupled with said encipherer; said
transmitter transmitting data enciphered with a crypto-
graphic key to another apparatus via a bus.

8. A deciphering apparatus for deciphering data using a
cryptographic key, comprising:

a receiver; .

a decipherer coupled with said receiver,

a first information provider;

a second information provider; and

a cryptographic key producer coupled with said deci-

pherer, whereby said decipherer deciphers data
received by said receiver using a cryptographic key
produced by said cryptographic key producer based
upon first information provided by said first informa-
tion provider and second information provided by said
second information provider and changed at a prede-
termined timing during a session.

9. An enciphering method according to claim 3, further
comprising the step of transmitting data enciphered with the
cryptographic key to another apparatus via a bus.

10. An enciphering apparatus for enciphering data using
a cryptographic key, comprising:
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first providing means for providing first information
which is held in common with another device in an
authentication process by communication between the
two devices;
second providing means for providing second information
which is changed at a predetermined timing;

producing means for producing the cryptographic key
based on the first information held in common with the
other device and the second information which is used
for changing the cryptographic key; and

enciphering means for enciphering data using said cryp-

tographic key, wherein said cryptographic key is
changed at a predetermined timing in accordance with
a change in said second information.

11. An enciphering apparalus according to claim 10,
further comprising transmission means for transmitting the
data enciphered with the cryptographic key to another
apparatus via a bus.

12. An enciphering method for enciphering data using a
cryptographic key, comprising the steps of:

providing first information which is held in common with

another device in an authentication process by com-
munication between the two dcvices;

providing second information which is changed at a

predetermined timing;

producing a cryptographic key based upon the first infor-

mation held in common with the other device and the
second information which is used for changing the
cryptographic key; and

enciphering data using said cryptographic key, wherein

said cryptographic key is changed at a predetermined
timing in accordance with a change in said second
information.

13. A deciphering apparatus for deciphering data using a
cryptographic key, comprising:

receiving means for receiving enciphered data;

first providing means for providing first information

which is held in common with another device in an
authentication process by communication between the
two devices;
second providing means for providing second information
which is changed at a predetermined timing;

producing means for producing a cryptographic key based
upon the first information held in common with the
other device and the second information which is used
for changing the cryptographic key; and

deciphering means for deciphering said received enci-

phered-data using said cryptographic key, wherein said
cryptographic key is changed at a predetermined timing
in accordance with a change in said second informa-
tion.

14. A deciphering method for deciphering data using a
cryptographic key, comprising the steps of:

receiving enciphered data;

providing first information which is held in common with

another device in an authentication process by com-
munication between the two devices;

providing second information which is changed at a

predetermined timing;

producing a cryptographic key based upon the first infor-

mation held in common with the other device and the
second information which is used for changing the
cryptographic key; and

deciphering said received enciphered data using said

cryptographic key, wherein said cryptographic key is
changed at a predetermined timing in accordance with
a change in said second information.
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15. An enciphering apparatus for enciphering data using
a cryptographic key, comprising:

an encipherer;

a first information provider;

a second information provider; and

a cryptographic key producer coupled with said enci-

pherer, whereby said encipherer enciphers data using a
cryptographic key produced by said cryptographic key
producer based upon first information provided by said
first information provider and held in common with
another device in an authentication process by com-
munication between the two devices, and second infor-
mation provided by said second information provider
and changed at a predetermined timing.

16. The enciphering apparatus according to claim 15,
further comprising a transmitter coupled with said enci-
pherer; said transmitter transmitting data enciphered with a
cryptographic key to another apparatus via a bus.

17. A deciphering apparatus for deciphering data using a
cryptographic key, comprising:

15

22

a receiver;

a decipherer coupled with said receiver;

a first information provider;

a second information provider; and

a cryptographic key producer coupled with said deci-
pherer, whereby said decipherer deciphers data
received by said receiver using a cryptographic key
produced by said cryptographic key producer based
upon first information provided by said first informa-
tion provider and held in common with another device
in an authentication process by communication
between the two devices and second information pro-
vided by said second information provider and changed
at a predetermined timing.

18. An enciphering method according to claim 12, further

comprising the step of transmitting data enciphered with the
cryptographic key to another apparatus via a bus.

* ¥ ® ¥ K
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TELEPHONE APPARATUS WITH AUDIO
RECORDING FUNCTION AND AUDIO
RECORDING METHOD TELEPHONE
APPARATUS WITH AUDIO RECORDING
FUNCTION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a telephone apparatus with an
audio recording function and its audio recording method
which can prescrve a response to a partner side and a
message from the partner side. More particularly, the inven-
tion relates to a telephone apparatus with an audio recording
function and its audio recording method which are suitable
for use in a cellular phone of a cellular telephone system of
the CDMA (Code Division Multiple Access) system.

2. Description of the Related Art

In recent years, many lelephones having a voice memo-
randum function (simply referred to as a voice memo
function hereinbelow) for enabling a response of an answer-
phone to be informed from this side to the partner side when
the user is absent or enabling a message from the partner
side to be left have been brought to market. In the telephone
having the voice memo function, a response of the answer-
phone from the partner side can be previously recorded in
case of absence. When there is a reception call from the
partner side, a voice of the response of the answer-phone is
reproduced and is sent to the partner side. Thus, the absence
can be notified to the partner side and it is promoted to
decide whether the message should be left or not as neces-
sary. When there is 2 message from the partner side, the
message from the partner side is accumulated in the tele-
phone having the voice memo function. When the message
from the partner side remains, the user of the telephone
reproduces the message when he comes home. Thus, the
user of the telephone can confirm the contents of the
remaining message from the partner side in case of absence.

As such a telephone with the voice memo function,
hitherto, for example, there has been known a telephone
such that a drive unit of a small tape casselle is provided, a
small magnetic tape cassette is set into the tape cassette drive
unit of the telephone main body, and a response of an
answer-phone or a voice of a message of the partner side is
recorded in the small magnetic tape cassette. Hitherto, there
has also been known a telephone such that a semiconductor
memory is provided, a response of an answer-phone or a
voice of a message of the partner side is converted into a
digital signal, and the response of the answer-phone or the
voice of the message of the partner side is recorded as a
digital signal into the semiconductor memory.

A construction such that the voice memo function is
installed in a cellular phone of a cellular telephone system is
considered. As mentioned above, as telephones baving the
voice memo function, the telephone in which a voice is
recorded in the small tape cassette and the telephone in
which a voice is recorded as a digital signal into the
semiconductor memory have been known. However, in the
cellular phone of the cellular telephone system, it is difficult
to use a magnetic tape cassette in order to realize a small size
and a light weight. Therefore, in a case such that the voice
memo function is installed in the cellular phone of the
cellular telephone system, a construction such that the
response of the answer-phone or the message of the partner
side is recorded in the scmiconductor memory is considered.

However, in the voice memo function using the semicon-
ductor memory, a semiconductor memory of a large capacity
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is necessary in order to record for a long time. When the
memory of the large capacity is installed, it becomes an
obstacle for realization of a small size and a light weight and
the costs rise.

OBJECTS AND SUMMARY OF THE
INVENTION

It is, therefore, an object of the invention to provide a
telephone apparatus with an audio recording function which
can record and reproduce a voice for a long time without
using a memory of a large capacity and an audio recording
method of such a telephone apparatus with the audio record-
ing function.

To accomplish the above object, according to one aspect
of the invention, there is provided an audio recording
method of recording a voice into a storage device, compris-
ing: an audio processing step of compressing a non-
compressed audio signal when such a signal is inputted and
keeping a compressed audio signal as it is when such a
compressed signal is inputted; and a storing step of storing
an output derived in the audio processing step inlo the
storage device.

According to another aspect of the invention, there is
provided an audio reproducing method of reproducing a
voice from a storage device, comprising: a reading step of
reading a compressed signal which was stored and recorded
in the storage device; and an audio processing step of
receiving an output derived in the reading step, decompress-
ing the output derived in the reading step when an output of
a non-compressed audio signal is required, and keeping the
output derived in the reading step as it is when an output of
the compressed audio signal is required.

According to still another aspect of the invention, there is
provided a transmitting method having a step of recording
and reproducing a voice to/from a storage device, compris-
ing: a compressing step of receiving a non-compressed
audio signal and compressing it; a storing step of storing an
output derived in the compressing step into the storage
device; a reading step of reading out a compressed signal
which was stored and recorded in the storage device; a
modulating step of receiving an output derived in the
reading step and modulating it; a high frequency signal
processing step of converting an output derived in the
modulating step into a high frequency signal; and a trans-
mitting step of transmitting an output derived in the high
frequency signal processing step.

According to further another aspect of the inveation, there
is provided a recciving method baving a step of recording
and reproducing a voice to/from a storage device, compris-
ing: a receiving step of receiving a high frequency signal; a
demodulating step of demodulating an output derived in the
receiving step; a storing step of storing a previously com-
pressed audio signal which is obtained from an output
derived in the demodulating step into the storage device as
it is; a reading step of reading out the compressed signal
which was stored and recorded in the storage device; and a
decompressing step of decompressing an output derived in
the reading step.

According to the invention, an audio recording apparatus,
an audio reproducing apparatus, a transmitting apparatus,
and a receiving apparatus to accomplish the above methods
are also provided, respectively.

The above and other objects and features of the present
invention will become apparent from the following detailed
description and the appended claims with reference to the
accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing an example of a
cellular phone of the CDMA system to which the present
invention is applied;

FIG. 2 is a schematic diagram for us¢ in explanation of
QCELP; and

FIG. 3 is a schematic diagram for use in explanation of an
example of a cellular phone of the CDMA system to which
the invention is applied.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

An embodiment of the present invention will now be
described hereinbelow with reference to the drawings. The
invention is suitable when it is used in, for example, a
cellular phone of a cellular telephone system of the CDMA
system.

The CDMA sysiem is a system in which a carrier wave of
a transmission signal is spectrum spread by using a pseudo
random noise code (PN code) as a spread code and is
transmitted and a pattern and a phase of a code sequence of
a spread code are made different, thereby enabling a multiple
access.

According to the CDMA system, a spread spectrum
system is used as a communication system. In the spread
spectrum system, the PN (Pseudo random Noise) code is
multiplied o the carrier wave upon transmission and the
carrier wave is modulated by the PN code. Since the PN
code is a random code, by modulating the carrier wave by
the PN code as mentioned above, its frequency spectrum is
widened. Upon reception, the same PN code as that on the
transmitting side is multiplied. Upon reception, when the
same PN code as that upon transmission is used and their
phases coincide, an inverse spread is performed.

According to the spread spectrum syslem, in order to
inversely spread the signal upon reception, the same PN
code as that on the transmitting side is necessary with
respect to not only the pattern but also the phase. By
changing the pattern or phase of the PN code, therefore, the
multiple access can be performed. A system in which the
multiple access is enabled by making the patiern or phase of
the code sequence of the spread code different as mentioned
above is called a CDMA system.

FIG. 1 shows an example of a cellular phone of a cellular
telephone system of the CDMA system to which the inven-
tion can be applied. In FIG. 1, an audio signal is inputted to
a microphone 1 upon transmission. The audio signal is
supplied 10 an A/D cooverter 2 and an analog audio signal
is converted into a digital audio signal by the A/D converter
2. An output signal of the A/D converter 2 is supplied to an
audio signal processing circuit 3.

The inputted digital audio signal is compressed by the
audio signal processing circuit 3. The audio signal process-
ing circuit 3 is controlled by a controller 14. As a compres-
sion encoding system, various systems have been proposed.
For example, a system such as QCELP (Qualcomm Code
Excited Linear Prediction) such that a plurality of coding
speeds can be selected in accordance with a nature of a voice
of a speaker or a busy situation of a communication path can
be used. According to the QCELP, four kinds of coding
speeds can be selected in accordance with the nature of the
voice of the speaker or the busy situation of the communi-
cation path.

An output signal of the audio signal processing circuit 3
is supplied to an error correction encoding circuit 4. An error
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correction code of a convolution code is added to transmis-
sion data. An output of the error correction encoding circuit
4 is supplied 1o an interleaving circuit 5. The transmission
data is interleaved by the interleaving circuit 5. An output
signal of the interleaving circuit 5 is supplied to a spread
spectrum circuit 6.

A carrier signal is modulated by the spread spectrum
circuit 6 and the spectrum of the signal is spread by the PN
code. Since the PN code is a random code, by multiplying
the PN code as mentioned above, a frequency width of the
carrier signal is widened and a spread spectrum is per-
formed. For example, a BQPSK modulation is used as 2
modulation system of the transmission data. .

An output signal of the spread spectrum circuit 6 is
supplied to an RF circuit 7. The RF circuit 7 is controlled by
the controller 14. A frequency of a transmission signal is
converted (o a predetermined frequency. An output signal of
the RF circuit 7 is power amplified and, thereafter, is
supplied 1o an antenna 8. A radio wave from the antenna 8
is transmitted toward a base station.

Upon reception, a radio wave from the base station is
received by the antenna 8. A reception signal from the
antenna 8 is supplied to the RF circuit 7. The reception
signal is converted into an intermediate frequency sigoal of
a predetermined frequency by the RF circuit 7.

An output signal of the RF circuit 7 is supplied 1o an
inverse spread spectrum circuit 9. The sigral which was
spectrum spread and transmitted is inversely spread by the
inverse spread specirum circuit 9 and the data is demodu-.
lated. An output signal of the inverse spread spectrum circuii
9 is supplied to a deinterlcaving circuit 10.

The reception data is deinterleaved by the deinterleaving
circuil 10 in correspondence to the interleaving process on
the transmitting side. An output of the deinterleaving circuit
10 is supplied to a Viterbi decoding circuit 11. The Viterbi
decoding circuit 11 decodes the convolution code by a soft
decision and a maximum likelihood decoding. An error
correcting process is executed by the Viterbi decoding
circuit 11. An output signal of the Viterbi decoding circuit 11
is supplied to the audio signal processing circuit 3.

The audio signal which was compressed by, for example,
the QCELP and was transmitted is decompressed by the
audio signal processing circuit 3 and the digital audio signal
is decoded. The digital audio signal is supplied to a D/A
converter 12. The digital audio signa! is converted to the
analog audio signal by the D/A converter 12. The analog
audio signal is supplied to a speaker 13.

A semiconductor memory 15 is provided for the cellular
phone of the cellular telephone system to which the inven-
tion is applied. The memory 15 is used for a voice memo.
The digital audio signal from the audio signal processing
circuit 3 is stored in the memory 15 in a cormpression
encoded form by the control of the controller 14.

A response of an answer-paone from the pariner side can
previously be recorded in the memory 15 in case of absence.
When there is a reception call from the partner side, a voice
of the response of the answer-phone is read out from the
memory 15 and the voice of the respouse of the answer-
phone is sent to the partner side. Thus, a situation that the
user is absent at present is informed to the partner side and
a judgment about whether a message should be lefi or not is
promoted to the partner sidc a s necessary. Whea there is a
message from the partner side, the message from the partner
side is stored in the memory 15. When the message from the
partner side remains, Lhe message in the memory 15 is
reproduced afier the user returns home. Thus, the user of the
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telephone can confimm the contents of the message left from
the partner side in case of absence.

If the user wants to leave a response on this side to the
partner side in case of absence, an audio signal of the
response on this side to the partner side is inputted from the
microphone 1, is converted into a digital signal by the A/D
converter 2, is compressed by the audio signal processing
circuit 3, and is stored in the memory 15. As mentioned
above, the response on this side to the partner side is
converted into the digital signal, is compressed, and is stored
into the memory 15. When there is a reception call, the data
in the memory 15 is read out and is sent to the RF circuit 7
through the encoding circuit 4, interleaving circuit 5, and
spread spectrum circuit 6, is transmitted from the antenna 8,
and is sent to the partoer side. Thus, the response on this side
is transmitted to the partner side.

In case of leaving the message from the partner side in
case of absence, the signal from the partner side is received
by the antenna 8 and is supplied to the audio signal pro-
cessing circuit 3 through the RF circuit 7, inverse spread
spectrum circuit 9, deinterleaving circuit 10, and Viterbi
decoding circuit 11. The audio signal from the audio signal
processing circuit 3 is stored as it is in the memory 15 in a
compression encoded form.

In case of reproducing the message stored in the memory
15, the output data of the memory 15 is supplied to the audio
signal processing circuit 3. The audio signal which was
compressed by the QCELP and stored is decompressed by
the audio signal processing circuit 3 and the digital audio
signal is decoded. ‘The digital audio signal is supplied (o the
D/Aconverter 12. The digital audio signal is converted to the
analog audio signal by the D/A converter 12. The analog
audio signal is supplied to the speaker 13.

In the QCELP, the audio signal is divided into audio
signals on a 20-msec unil basis and is compressed to packets
of four kinds of coding rates (for example, four kinds of rates
of 9.6 kbps, 4.8 kbps, 2.4 kbps, and 1.2 kbps) in a range from
the coding rate 1 to the coding rate % as shown in FIG. 2 in
accordance with an audio energy. As mentioned above, in
the QCELP, a frame of a small audio cnergy can be
compressed-into a short packet. Therefore, if the audio
signal compressed by the QQELP is stored into the memory
15, a memory capacity occupied can be reduced and a time
for the voice memo can be extended as compared with the
case where the audio signal is converted into the digital
signal and is stored as it is into the memory 15.

Since the QCELP is based on the variable rate, in case of
storing the audio signal compressed by the QCELP into the
memory 185, packel identification information to identify the
kind of packet is necessary. In the QCELDP, there are four
kinds of coding rates and, further, as packel types, there are
three kinds (Blank, Rate 1 with bit errors, Insufficient frame
quality) which are used in the case where a receiving state
in the demodulator is bad and a frame error occurs. Thus,
there are total seven kinds of rates. Consequently, at least
three bits are needed as packet 1D information.

As shown in FIG. 3, the audio data is divided into frames
F1, F2, F3, . . . of the packet data of a variable length and
packet ID information PINF indicative of the kind of packet
of each frame is arranged at the head of each of the frames
F1,F2, F3, .. .. Asize of each of the frames F1, F2,F3, ...
is set to a variable length. As packet ID information PINF,
information corresponding to at least three bits is prepared.
In case of reproducing the voice stored in the memory 185,
the output data of the memory 15 is supplied to the audio
signal processing circuit 3. The audio signal which was
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compressed by the QCELP and stored is decompressed by
the audio signal processing circuit 3. In this instance, the
audio signal is decompressed by using the packet ID infor-
mation PINF added to each of the frames F1, F2, F3, .. ..
As mentioned above, in the cellular phone to which the
invention is applied, the digital audio signal from the audio
signal processing circuit 3 is stored in the memory 15 for
voice memo in the compression encoded form. In case of
reproducing the audio signal which was compressed and
stored in the memory 15, the compressed and stored audio
signal is decompressed by the audio signal processing circuit
3. As mentioned above, since the audio signal is compressed
by the variable length encoding and stored into the memory
15 for voice memo, the memory capacity can be reduced
without deteriorating a sound quality and a recording time.
Since the audio signal is compressed by a system similar to
the compression system of the CDMA system and is stored
into the memory 15 for voice memo, there is no need to add
any special circuit and a circuit scale and costs are not
increased.
In the above embodiment, although the audio signal has
been compressed and decompressed by using the QCELP,
the compressing system is oot limited to the QCELP but the
invention can be also similarly applied to other compressing
syslems.
According to the invention, the digital audio signal is
stored into the memory for voice memo in the compression
encoded form. Therefore, the data amount which is required
for the voice memo is reduced and the improvement of the
recording time and the reduction of the memory capacity can
be realized without deteriorating the sound quality. Since the
audio signal is compressed by the system similar to the
compressing system of the CDMA system and is stored into
the memory for voice memo, there is no need to add any
special circuit and the circuit scale and costs are not
increased.
The present invention is not limited to the foregoing
embodiments but many modifications and variations are
possible within the spirit and scope of the appended claims
of the invention.
What is claimed is:
1. An audio recording method in a portable cellular
telephone for recording an audio signal into a storage device,
comprising the steps of:
receiving said audio signal transmitted in a Code Division
Multiple Access (CDMA) system, wherein said audio
signal is compressed using a Qualcomm Code Excited
Linear Prediction (QCLEP) system into a plurality of
variable size packets using a plurality of coding speeds
in response to an audio energy of said audio signal;

demodulating said audio signal to generate a demodulated
audio signal; and

storing said demodulated audio signal into said storage

device in said QCELP compressed form.

2. An audio reproducing method in a portable cellular
telephone for reproducing an audio signal from a storage
device, comprising the steps of:

reading said audio signal out of said storage device,

wherein said audio ‘signal was transmitted to said
portable cellular telephone in a Code Division Multiple
Access (CDMA) system and compressed using a Qual-
comm code Excited Linear Prediction (QCELP) system
into a plurality of variable size packets using a plurality
of coding speeds in response to an audio energy of said
audio signal and stored in said QCELP compressed
form;
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supplying said audio signal read from said storage device
to a QCELP decoder for decompressing processing;
and

decompressing and reproducing said audio signal.

3. An audio recording apparatus in a portable cellular 5

telephone for recording an audio signal into a storage device,
comprising;

a receiver for receiving said audio sigoal transmitied in a
Code Division Multiple Access (CDMA) system,
wherein said audio signal is compressed using a Qual-
comm Code Excited Linear Prediction (QCLEP) sys-
tem into a plurality of variable size packets using a
plurality of coding speeds in response {0 an audio
energy of said audio signal;

a demodulator for demodulating said audio signal to
generate a demodulated audio signal; and

a controller for storing said demodulated audio signal into
said storage device in said QCELP compressed form.

15

]

4. An audio reproducing apparatus ia a portable cellular
telephone for reproducing an audio signal from a storage
device, comprising:

a controller for reading said audio signal out of said
storage device, wherein said audio signal was trans-
mitted 1o said portable cellular telephone in a Code
Division Multiple Access (CDMA) system and was
compressed using a Qualcomm code Excited Linear
Prediction (QCELP) system into a plurality of variable
size packets using a plurality of coding speeds in
response 1o an audio energy of said audio signal and
stored in said QCELP compressed form, wherein said
controller

supplies said audio signal read from said storage device to
a QCELP decoder for decompressing processing, and

decompresses and reproduces said audio signal.
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SYSTEM AND METHOD FOR ENABLING
AUTOMATIC PERFORMANCE OF
INSTRUMENT FUNCTIONS

This application is a con of Ser. No. 09/006,550 filed Jan.
13, 1998.

BACKGROUND OF THE INVENTION

The present invention relates generally to an interface for
a display screen and, more particularly, to a graphical user
interface which, with a control device, enables manipulation
of graphic images on a display screen.

In an instrument which includes a display screen, an
on-screen menu, and a control device, a user may interact
with the on-screen menu by viewing the on-screen menu,
deciding to select a menu item, and manipulating the control
device to generate menu movement and to enable entry of
the menu selection. -

The instrument may comprise a hand-held wireless tele-
phone which includes an on-screen menu displayed in a text
text-based interface on a small liquid-crystal display screen,
and a jog dial control device for scrolling through the menu
and for entry of a menu selection and execution of an
instrument function thereby.

In an instrument which includes a display screen and
control element, and which is adapted to enable selection of
and connection to a telephone number, a user may wish to
view the name of the party called or transmit a code for
enabling connection to a service.

Therefore, there has been a need existing for a system
which enables the user of an instrument to view the name of
a party called or transmit a code required to connect with a
service. The present invention fulfills these needs.

SUMMARY OF THE INVENTION

Briefly, and in general terms, the present invention pro-
vides an on-screen menu in an interactive graphical user
interface, which provides for enabling display of the name
of a party called or transmission of a code for connection to
a service.

The system enables automatic performance of functions
of an instrument. It includes means for enabling entry in the
instrument of information relating to a party, and informa-
tion associated with the related information. It further
includes means for performing automatically an instrument
function in connection with the related information and the
associated information.

One aspect of the present invention is that a system
enables the user to view and manipulate graphic images in
an on-screen menu in-an intuitive graphical user interface in
a display screen.

Another aspect of the present invention is that a system
enables the user to enter information related to a party and
associated with the party, and automatically execute a func-
tion in connection with the related information and the
associated information through an on-screen menu in a
display screen in an instrument.

Other features and advantages of the invention will
become apparent from following detailed description taken
in conjunction with the accompanying drawings, which
illustrate, by way of example, the features of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The FIGURE is an elevational view of a display in an
instrument which includes an on-screen menu in accordance
with the present invention.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring now to the drawings, there are shown preferred
embodiments of a system 10 for enabling manipulation of a
plurality of graphic images 12 on a display screen 14. A
graphical user interface 18 which comprises a bitmap dis-
play includes the graphic image 12 therein. In the screen 14
shown in the FIGURE, a header graphic image 32 is also
presented.
In a preferred embodiment, as shown in FIGURE, system
10 is adapted to enable automatic performance of functions
of an instrument 36. For example, instrument 36 may
comprise a wireless telephone, which includes elements 72,
such as a keypad, for enabling entry of information 74
relating to a party, such as the telephone number of the party,
and information 76 associated with the party, such as the
name of the party. Instrument 36 further includes a display
screen 14, for displaying related information 74 and asso-
ciated information 76. Instrument 36 is adapted to automati-
cally display the name of the party associated with the
telephone number of the party, upon entry of the telephone
number of the party. :
Instrument 36 may further or alternatively comprise a
pager, which is adapted to connect instrument 36 to the
telephone number entered, wherein related information 36
may comprise the telephone number of a paging service.
Associated information 76 may comprise a personal identi-
fication number. Instrument 36 may then be adapted to
automatically transmit the personal identification number to
the paging service, upon connection of the entered telephone
number with the paging service, for enabling connection of
instrument 36 to the paging service.
From the foregoing it will be appreciated that the system
of the present invention provides advantages in enabling
automatic performance of instrument functions. While par-
ticular forms of the invention have been illustrated and
described, it will be apparent that various modifications can
be made without departing from the spirit and scope of the
invention. Accordingly, the invention is not to be limited,
except as by the following claims.
What is claimed is:
1. A system for enabling automatic performance of func-
tions of an instrument which comprises a wireless telephone
which includes a display screen, and means for displaying
the telephone number on the display screen, comprising:
means for enabling entry and storage in the instrument of
information relating to a party which comprises a
telephone number, and information associated with the
telephone number which comprises the name of the
party associated with the telephone number; and

means for performing automatically a function in con-
nection with the associated information upon subse-
quent entry of the telephone number in the instrument
to access the telephone number from storage and to
automatically perform the associated information
function, which comprises automatically accessing
from storage and displaying the name of the party
associated with the telephone number along with the
entered telephone number on the display upon subse-
quent entry and access from storage of the telephone
number.

2. A system for enabling automatic performance of func-
tions of an instrument, which comprises a paging
instrument, comprising;

means for enabling entry and storage in the instrument of

information relating to a party, which comprises the
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telephone number of a paging service, and information
associated with the telephone number, which comprises
a personal identification number;

means for performing automatically a function in con-
nection with the associated information, to access the
telephone number from storage and transmit the tele-
phone number, and to automatically perform the asso-
ciated information function, which comprises auto-
matically accessing from storage and transmitting the
personal identification number to the paging service
telephone number upon subsequent entry and access
from storage of the telephone number in the instrument;
and

means for connecting the paging instrument to the paging

service telephone number.

3. The system of claim 2, further comprising a display
screen, and means for displaying the entered paging service
telephone number on the display.

4. The system of claim 2 wherein the displaying means are
further adapted to display the personal identification num-
ber.

§5. A system for enabling automatic performance of func-
tions of an instrument which comprises a wireless telephone
which includes a display screen, and an element for display-
ing the telephone number on the display screen, comprising:

an element for enabling entry and storage in the instru-

ment of information relating to a party which comprises
a telephone number, and information associated with
the telephone number which comprises the name of the
party associated with the telephone number; and

an element for performing automatically a function in

connection with the associated information upon sub-
sequent entry of the telephone number in the instrument
to access the telephone number from storage and to
automatically perform the associated information
function, which comprises automatically accessing
from storage and displaying the name of the party
associated with the telephone number along with the
entered telephone number on the display upon subse-
quent entry and access from storage of the telephone
number.

6. A system for enabling automatic performance of func-
tions of an instrument, which comprises a paging
instrument, comprising:

an element for enabling entry and storage in the instru-

ment of information relating to a party, which com-
prises the telephone number of a paging server, and
information associated with the telephone number,
which comprises a personal identification number;

an element for performing automatically a function in

connection with the associated information, to access
the telephone number from storage and transmit the
telephone number, and to automatically perform the
associated information function, which comprises auto-
matically accessing from storage and transmitting the
personal identification number to the paging service
telephone number upon subsequent entry and access
from storage of the telephone number in the instrument;
and

an element for connecting the paging instrument to the

paging service telephone number.

7. A method of enabling automatic performance of func-
tions of an instrument which comprises a wireless telephone
which includes a display screen, and an element for display-
ing the telephone number on the display screen, in a system
which comprises an element for enabling entry and storage
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in the instrument of information relating to a party which
comprises a telephone number, and information associated
with the telephone number which comprises the name of the
party associated with the telephone number, and an element
for performing automatically a function in connection with
the associated information upon subsequent entry of the
telephone number in the instrument to access the telephone
number from storage and to automatically perform the
associated information function, which comprises automati-
cally accessing from storage and displaying the name of the
party associated with the telephone number along with the
entered telephone number on the display upon subsequent
entry and access from storage of the telephone number,
wherein the method comprises:

eatering the telephone number, and the name of the party

associated with the telephone number, in the wireless
telephone;

subsequently entering the telephone number in the wire-

less telephone; and

automatically accessing from storage and displaying the

name of the party associated with the telephone number
along with the entered telephone number upon subse-
quent entry and access from storage of the telephone
number.

8. A method of enabling automatic performance of func-
tions of an instrument which comprise a paging instrument,
in a system which comprises an element for enabling entry
and storage in the instrument of information relating to a
party which comprises a telephone number of a paging
service, and information associated with the telephone num-
ber which comprises a personal identification number, and
an element for performing automatically a function in con-
nection with the associated information upon subsequent
entry of the telephone number in the instrument to access the
telephone number from storage and to automatically per-
form the associated information function which comprises
automatically accessing from storage and transmitting the
personal identification number to the paging service tele-
phone number upon subsequent entry and access from
storage of the telephone number in the instrument, and an
clement for connecting the instrument to the telephone
number, wherein the method comprises:

entering the telephone number of a paging service, and a

personal identification number, in the paging instru-
ment,;

subsequently entering the telephone number of the paging

service in the paging instrument, accessing the paging
service telephone number from storage, and connecting
the paging instrument to the paging service telephone
number; and

automatically transmitting the personal identification

number to the connected paging service telephone
number upon subsequent entry and access from storage
of the paging service telephone number an connection
with the paging service.

9. The method of claim 8, wherein the instrument further
comprises a display screen, and means for displaying the
entered paging service telephone number on the display
screen, further comprising the step of displaying the entered
paging service number on the display screen.

10. The method of claim 8, wherein the displaying means
are further adapted to display the personal identification
number, further comprising the step of displaying the
entered personal identification number on the display screen.
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