JP 2008-5506 A 2008.1.10

(19) BFREREHFT (JP) 22 M 4 RA) (1) s A RS
$3B82008-5506
(P2008-55064)
43 &ME ER205E18108(2008.1.10)
(51) Int.CL. Fl F=va—F (B%)
HO4J 15/00 {2006.01) HO4 ) 15/00 5K022
HO04B 7/4 {2006.01) HO4B 7/04 EK059
HO4B 7/08 {2006.01) HO4B 7/08
ETMER RER BREO® 19 OL YNEELEE (£ 72 H)
Rl HEES FEER2007-164263 (P2007-164263) | (71) BB A\ 503163527
(22) HEER SER19EESH 21 A (2007.6.21) IWEY - IVLFZ Vw2 T A S
(Bl BRIEERES 06201044.3 veFr/uY—.kyE— . 3I—0
(32) 5%l SERGI84E6 A 230 (2008. 6. 23) WIS e g
(33) IR EERE RS EP) MITSUBISHI ELECTRIC

INFORMATION TECHNO
LOGY CENTRE EUROPE
B. V.

AS5YAE. 1119 ZAIA- AT
RN b—AF ATUZF—r 46
Capronilaan 486, 111
9 NS Schiphol Rijk,

The Netherlands
(THRE A 100110423
ELT &#H EE
BREIHRS

(4) [BBEADBM] F+FVREEEEAMNE S EET I OOEE, FyAURERREHNHT 20071
A, BREBTNAAA, ava—27ursa, RUEER

Gnoooooooooooo
gooooooobboboooooooooooooo
goooooooobbbobboooooooooooon
gooooooon
googooooobobbooooooaoooooon
ugugoooobbobbooooooaoooooo
goobOooooobbooooooboooooooo
goobOooooobObooooooboooooooo
gobObOooooobbooooooboooooooo
gooooooobboboooooooooooooo
goooooooobbbobboooooooooooon
ggogooooobobobobooooooooooooo
googooooobobbooooooaoooooon
uggooooo

MS1Antl
SlAntM

BS Antf- 20,

Y

BSAm2 MS

tM

L

20,

A {



e R ey [ s R s [y |

e e ey e ey sy [ |

Oo0oooooooooodg
Oo0oooooooooodg
Oo0oooooooooodg
Oo0ooocooooooodg

O 0Ooo0ooo
O o0Ooo0ooao
O 0Ooo0ooo
O 0Ooo0ooao
O 0Ooo0ooao
O o0Ooo0ooao
O o0Ooo0ooao
O o0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooo
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooo
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooo

Oooooooo0oooooooooooooogooooao
Oooooooo oo oooooooDooooogooooao
Oooooooo0oooooooooDooooogooooao
OooooooooooooooooDoooogogoooao

OooooooQgogoo
OooooooQogogoao
OooooooQgogoao
OooooooQogogoao

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0ooo
O 0ooo
O 0ooo
O 0Ooo
O 0Oooo

oo o oooooogoQgg

O 0Ooo0goooo
O 0Ooo0oooo
O 0Ooo0goooo
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0goooo
O 0Ooo0goooo
O 0Ooo0goooao
O 0Ooo0oooao
O 0Ooo0oooo
O 0Ooo0goooao
O 0Ooo0oo0ooao
O 0Ooo0goooo
O 0Ooo0oooo

O
O
O
O
O
O
O

O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo

O
O
O
O

O
O
O
O
O
O
O
(]
(]
O
(]
(]
O
O
O
(]
O
O
O
O
(]
O

O0Ooo0oooao

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo

O
O
O
O
O

O0Ooo0oooao

O0Ooo0oooao

O0Ooo0oooao
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo

O o0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O o0ooo
O 0Oooo
O 0Oooo

(2)

O
O

JP 2008-5506 A 2008.

O
O
O
O
O
O
O
O
O
O

O
O
O

O
O
O
O
O
O
O
O
O
O

(]
O
O
O
O
(]

O
O
O
O

O 0Ooo0ooao
O O
O O
O O
O O
O O
O O
O O
O O

O
O

O
O

.10

10

20

30

40

50



e R ey [ s R s [y |

e e ey e ey sy [ |

e e ey e s [y |

e [ sy |

Oooooooooooooo0 oo oooooooDoooogoQgoQg
Oooooooooooooo0 oo oooooooDoooogQgoQg
OoOooooooooooooo0 oo oooooooDoooogQgoQg

Ooooooooooooooooooodg
Ooooooooooooooooooodg

Oooooooo0oooooogooao

O0Ooo0oooao

O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooao

O 0Oooo
O 0o oo
O O0ooo
O Oooo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O

OoOoo0oood
OOoo0o0oood
OOoo0oood
OOoo0oood

O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo

I [y |
I [y |
I [ Iy |
I [ |
Iy |
I [ |
I [y |
I [y |
I [ |
I [ Iy |
I [y |
I [y |
I [ |
I [ |

O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooOoo

O O0ooo

O0Ooo0oooao

O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O0Ooo0oooao

O0Ooo0oooao

O0Ooo0oo0ooao

O
O
O
O
O

O0Ooo0oo0ooao

O0Ooo0oo0ooao

O o0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O o0Oooo

O0Ooo0oo0ooao

O0Ooo0oo0ooao

O0Ooo0oo0ooao

O
O
O
O
O
O
O
O
O
O
O
O

O 0Ooooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo

O0Ooo0oo0ooao

O0Ooo0oo0ooao

)

O0Ooo0oo0ooao

O0Ooo0oo0oo0oao

O0Ooo0oo0ooao

O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo

O0Ooo0oo0ooao

O0Ooo0oo0ooao

O0Ooo0oo0oo0oao

O0Ooo0oo0oo0oao

O0Ooo0oo0oo0oao

O0Ooo0oo0oo0oao

JP 2008-5506 A 2008.

O
O
O
O
O
O
O
O
O
O

O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0ooao
O0Ooo0oo0oo0oao
O0Ooo0oo0ooao
O0Ooo0oo0oo0oao
O0Oo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Oo0oo0oo0oao

O O
O O
O O
O O
O O
O O
O O
O

O

O

O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O

O
O

O
O

O
O

.10

10

20

30

40

50



e R ey [ s R s [y |

O0Ooo0oooaoo
I o B
OoOoo0oooaoo
Oo0Ooo0oooao
OoOoo0oooao

Ooo0ooooooo0o Qo0 oo oooo0 oo oDoDoooo0 oo oDoooo0oDoDoDooooooooodg

Oo0ooooooo0 oo oooo0o oo oDoooooooooogodg

Oooooooodg
Oooooooodg
Oooooooodg
Oooooooodg

O Oooo

OO0 ooooooQgoooo
OO0 oooooooQgooooo
OO0 oo ooooQgoooo
OO0 oo ooooQgoooo
OO0 ooooooQgooooo

O
O
O
O
O
O
O
O
O

Ooooooooooooogod

O 0Oooo
O O0ooo
O 0Oooo

O oOoooo
O Ooo0ooo
O oOoooo
O 0Ooo0ooo

OooooooQgoao
OooooooQgoao
OooooooQgoao
OoooooooQgoao
OooooooQgoao
OoooooooQgoao
OooooooQgoao
OooooooQgoao
OooooooQgoao
OooooooQgoao
OooooooQgoo
Oooo0oooQgoao

O 0Ooo0ooo
O 0Ooooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooOoo
O 0Ooo0ooOoo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooOoao
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooOoo

O
O
O
O

O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O

OOoo0ooooao
OOoo0oo0oooao
OOoo0ooooao
OOoo0oo0oooao
OoOoo0oo0oooao
OoOoo0oo0oooao
OoOoo0oo0oooao
OOoo0ooooao
OOoo0oo0oooao
O 0Ooo0ooOoo
O 0Ooo0ooOoo
O 0Ooo0ooOoo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O

O
O
O
O
O
O
O

O 0Oooo

O Oooo

O 0Oooo

O O0ooo

O 0Oooo

O 0Oooo

O 0Oooo

O 0Oooo

O 0Oooo

O 0Oooo

O 0Oooo

(4)

O
O

O 0Oooo

O 0Oooo

O 0Oooo

O 0Oooo

O 0ooo

O 0Oooo

O O0ooo

O 0Oooo

O O0ooo

JP 2008-5506 A 2008.

O 0Oooo
O 0Oooo
O 0Oooo
O 0ooo
O 0Oooo
O O0ooo
O 0ooo
O 0ooo
O 0ooo
O 0Oooo

O
O

.10

10

20

30

40

50



e R ey [ s R s [y |

e e ey e ey sy [ |

Oo0oooooooooodg
Oo0oooooooooodg
Oo0oooooooooodg

Ooo0oooogoQgoo
OoooooooQgoao
Ooo0oooogooQgoo
Ooo0oooogoQgoo
Ooo0oooogoQgoo
Ooo0ooooQgoo
OooooooQgoo
OoooooogoQgoo
Ooo0ooooogoQgoo
Ooo0ooooogoQgoo
Ooo0oooogoQgoo
OoooooogooQgoo
Ooooooogoogoo
Ooooooogogoo
OoooooogoQgoo
Ooo0oooogoQgoo
Ooooooogoo
Ooo0ooooQgoo
OoooooogoQgoo
Ooo0ooooogoQgoao
OoooooogoQgoao
Ooooooogoogoo

O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao
O 0Oooo

Ooooooooo0oooooo oo oDoDoooooooDoDoooooooooog
Ooooooooo0oooooo oo oDoDoooo0o oo oDoDoooooooooog
Ooooooooo0oooooo oo oDoDoooo0o oo oDoDoooooooooog
Ooooooooo0ooooooo0D oo oDoooo0ooooDoDoooooooooog

O O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O 0Oooo
O 0Oooo
O 0o oo
O O0ooo
O Oooo
O 0o oo
O 0o oo
I [ [y
O 0o oo
I [ [y
O 0o oo
O 0o oo
O 0o oo
O 0o oo
O 0o oo
O 0o oOoo
O 0o oo
O 0o oOoo

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O o0ooo
O 0Oooo
O 0Oooo

OooOoo0oood
OooOoo0oood
OooOoo0oood
OooOoo0oood
OooOoo0oood
OoOoo0oood
OooOoo0oood
OooOoo0oood

O
O
O

O
O
O
O
O
O

O 0Oooo
O 0Oooo
O 0o oo
O O0ooo
O Oooo
O 0o oo

O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O 0Ooo0oooao
O Ooo0oo0ooao
O0Ooo0oo0oo0oao
O0Ooo0oooao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0ooo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0ooo0oao
O 0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao

(%)

O
O
O
O

O

JP 2008-5506 A 2008.

O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O

O
O

O
O

O
O

.10

10

20

30

40

50



e R ey [ s R s [y |

e e ey e ey sy [ |

e e ey e s [y |

e [ sy |

O 0Oooo
O O0ooo

Oooooooo0o0oooooo o0 oooDooooo0 oo oDooooooooDoDooooooooong
Ooooooooo0 oo oooo oo oDoDoooo0D oo oDoooooooDoDoooooooooog

O
O

oo ooooooogodg
oo ooooooogodg
oo ooooooogodg

O 0Ooo0ooo
O 0Ooo0ooo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

Oo0oooooogooQodg
Ooooooooogodg
Oo0ooooooodg
Oo0oooooogoogodg
Oo0ooooooodg
Oo0ooooooodg

O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O

O 0Oooo

O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O Oooo

O 0Oooo

O 0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O o0ooo
O 0Oooo
O 0Oooo

O Oooo

O 0Oooo

O
O
O
O
O
O
O
O
O
(]
O
O
(]
O
O
]
O

O O0ooo

OOoo0oo0oooao
OOoo0oo0oooao
OOoo0ooooao
OO0Ooo0oo0oooao

O
O
O
O

O 0Oooo

O 0Oooo

O 0Oooo

O 0Oooo

O 0o oo
O 0o oo
O 0o oo
O 0o oo
O 0o oo
O 0o oOoo
O 0o oo
O 0o oOoo
O 0o oOoo
O 0o oo
O 0o ogoo
O 0o oOoo
O 0o oo
O 0o oOo o
O 0o oo
O 0o ogoo
O 0o oo
O 0o oo
O 0o oo
O 0o oo
O 0o oo
O 0o oOo o
O 0o oOo o
O 0o oOoo

(]
(]
O
O
O
(]
O
O
O
O
(]
O

O 0Oooo

O 0Oooo

O 0Oooo

(6)

O
O
O
O
O
O
O
O
O

JP 2008-5506 A 2008.

O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O

(]
O
O
O
O
(]
O
O
O
O

O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O

O
O

O
O

O
O

O
O

.10

10

20

30

40

50



e R ey [ s R s [y |

e e ey e ey sy [ |

e e ey e s [y |

e [ sy |

e [ ey e [ s [y [ |
Oooooooooooooo0 oo oooooooDoooogQgoQg

OooOoo0oood
OooOoo0oood
OooOoo0oood
OooOoo0oood
OooOoo0oood
OoOoo0oood

Ooooooooooooooooooodg

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0ooo
O 0ooo
O 0ooo
O 0Ooo
O 0Oooo

O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
(]
(]
O
(]

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O O0ooo

O
O

O
O

O
O
O
O
O
O
O
(]
(]
O
(]
(]
O
O
O
(]
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooOoo
O Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O Ooo0ooOoo
O Ooo0ooo
O Ooo0ooOono
O 0Ooo0ooOoo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O 0Ooooo
O Ooooo
O 0Ooooo
O 0Ooooo
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Ooooo
O 0Ooooo
O 0Ooo0ooao

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
(]
(]
O
O

O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0ooo
O 0Oooo
O o0ooo
O 0Oooo
O o0ooo
O 0Oooo
O o0ooo
O 0Oooo
O 0Oooo
O o0ooo
O 0Oooo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0ooo
O 0ooo
O 0ooo
O 0ooo
O 0ooo
O 0ooo
O 0ooo
O 0ooo
O 0ooo

O
O
O
O
O
O
(]
(]
O
O
O

O 0o oo
O 0o oo
O 0o oo
O 0o oOoo
O 0o oo
O 0o oOoo
O 0o oOoo
O 0o oo
O 0o ogoo
O 0o oOoo
O 0o oo
O 0o oOo o
O 0o oo
O 0o ogoo
O 0o oo
O 0o oo
O 0o oo
O 0o oo
O 0o oo
O 0o oOo o
O 0o oOo o
O 0o oOoo

)

JP 2008-5506 A 2008.

O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O

O
O

O
O

.10

10

20

30

40

50



e R ey [ s R s [y |

e e ey e ey sy [ |

e e ey e s [y |

e [ sy |

e [ ey e [ s [y [ |

e [ ey e e sy |

I [ |
I [y |
I [y |
I [ Iy |
I [ |
Iy |
I [ |
I [y |
I [y |
I [ |
I [ Iy |
I [y |
I [y |
I [ |
I [ |
I [y |
I [y |
I [y |
I [ |
I [ [y |
O 0o ogoo

O 0o oOoo

O 0o oo

O 0o oOo o

O 0o oo

Ooooooooogoogoo
Ooooooooogoogoao
Ooooooooogoogoo
Ooooooooogoogoo
Ooooooooogoogoao
Ooooooooogoogogoo
Ooooooooogoogoo
Ooooooooogoogoo
Ooooooooogoogoo
Ooooooooogoogogoo

OoOoo0ooooao
OoOoo0ooooao
OoOoo0oo0oooao
OoOoo0oo0oooao
OoOoo0ooooao
OoOoo0oo0oooao
OoOoo0oo0oooao
OoOoo0oo0oooao
OoOoo0oo0oooao
OoOoo0oo0oooaod
OoOoo0oo0oooao
O 0Oooo
O 0ooo
O 0Oooo

O

O

O

O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O
O
O

O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo

O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo

O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
(]
O
O
(]
O
O

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo

(]
O
(]
(]
O
O
O
(]
O
O
O
O
(]
O

(]
O
(]
(]
O
O
O
(]
O
O
O
O
(]
O

(]
(]
O
O
O
(]
O
O
O
O
(]
O

O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O

(8)

(]
O

O

JP 2008-5506 A 2008.

[ |
[ |
[ |
[ |
0O O
[ |
0O O
[ |
[ |
[ |

O
O
O
O
O
O
O
O
O
O

(]
O
O
O
O
(]
O
O
O
O

(]
O
O
O
O
(]
O
O
O
O

(]
O
O
O
O
(]
O
O
O
O

O
O

O
O

O

O

O

O

O
O

.10

10

20

30

40

50



e R ey [ s R s [y |

Ooooocoo0ooooooooooDoDoooooooooogod
Ooooocoo0ooooooo0oooDooooooooooogod
Ooooooo0oooooooooDooooooooooogod
Ooooooo0oooooooooDooooooooooogod
Ooooocoo0oooooooooDooooooooooogod

OO0 oo oDoooo oo oooooQgoooo
OO0 o0 oo oooo oo oDooooQgoooo
OO0 o0ooooooo oo oDooooQgoooo
OO0 o0 ooDoooo oo oDooooQgoooo

Oo0oooooooooooogogoooao

=

O
O

O
O

O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo

O
O
O
O
O
O
O

O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O o0Oooo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
(]
O
O
(]
O
O
]
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O 0Ooooo

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo

O Oooo

O 0Oooo

O Oooo

O 0Oooo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
(]
O
O
(]
O
O
]
O
O

O O0ooo

O 0Oooo

O O0ooo

O 0Oooo

O O0ooo

O 0Oooo

O O0ooo

O 0Oooo

o= 0O 0O

O O0ooo

O 0Oooo

O Oooo
O Oooo

O O0ooo

O 0Oooo

O O0ooo

O 0Oooo

O

€))

O O

O O0ooo

O 0Oooo

O O0ooo

O 0Oooo

O
(]
O
O
O
O
(]
O
(]

[m}

O O0ooo

O 0Oooo

O 0Oooo

O 0Oooo

O O0ooo

O 0ooo

O O0ooo

O 0Oooo

O O0ooo

O

O O0ooo

O 0ooo

O 0Oooo

O O0ooo

O O0ooo

JP 2008-5506 A 2008.

uobooaood

O

O O0ooo

O 0Oooo

O

O O0ooo

O 0Oooo

O

O O0ooo

O 0Oooo

O
O
O

O

O 0ooo

O 0ooo

O

O O0ooo

O 0Oooo

O

O O0ooo

O O0ooo

O

O O0ooo

O
O
O
O
O
O

O 0ooo

O
O
O
O
O
O

uoano

O

O O0ooo

O 0ooo

O

O O0ooo

O 0ooo

O

O O0ooo

O 0Oooo

O O0ooo

O 0Oooo

.10

O O0ooo

O 0Oooo

10

20

30

40

50



OooooooQgoQgaog

QD
3

OoOoooooo0ooooooo00 oo oooo oD oo oDooooooDoDoDooooooooaono

OO0 OoooOoooogoood

I o

Oooooooo0ooooooo0 oo ooooo0 oo ooooo0ooDoooogov

-

S OO0 O0Oo00oogao

o’

OoOoooooo0oooooooo00 oo oooo oD oo oDooooooDoDoDooooooooaono

e [ ey e [ s [y |

Ooo0ooooooo0oooooo o0 oo oDoooo0oooDooooogogoooao

oo o oooo® gOgogos

O 0Oooo
O 0Oooo

OoooooooQooooao

I I o

OoooooQgogo®®

OO0 o0 oooooooooDoooogogoos

I [ |

O
O
O
O
O
O

O 0Oooo
O o0Oooo
O 0Oooo

O oOooo
o

O

O
O

O
O

O
O

O
O
O
O
O
O
O
O
O

O
O

O
O
O
O
O
O
O

i

O
I [y |
I [y |
I [y |
I [y |
I [ Iy |
I [y |

[ Ry |
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo

O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

[}

[}

I i

O
O
O
O
O
(]
O
O
(]
O
O
]
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

I [y |
I [ |
I [y |
I [
I I |
I [ |
I [ |
I [y |
I [ o

[m]

O
O
O
O
O

O

(10)

[m]

O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O O

]

O
I [y |
I [y |
I [y |
I [y |
I [y |
I [y |
I [ |
I [y |

JP 2008-5506 A 2008.1.10

goboooboobooaoan

O
O
O
O
O
O
O
O
O
O

[ B R |

=]

I [y |
O 0OooO0oogood
I [

ooooao
ooooo

goood

(Walsh Had

[ R |

=]

I [y |
I [y |

10

20

30

40

50



e R ey [ s R s [y |

Oo0oooogQgo®®

oo ooooooQgooooo

Ooooooooo0ooooooo0ooDoooooooooo:v

OooooooooQgogooQg

Oooooooo0ooooooo00 oo oooo oD oooDoDoooo0DoooDoDooo4gogooo-

Oooooooooooooogod
Oooooooooooooogodg
Oooooooooooooogod

Ooooooo0ooooooo0 oo oooooDooDoDooooooooogdg

Oooooooo0oooooooo0 oo oDooooDooDoDooooooooodg

Oooooooo0oooooooo0 oo oooooDooDoDooooooooogdg

O O

O 0Oooo

O
O
O
O

O
O
O
O

O 0Oooo

O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O

O
O
O
O

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo

O Oooo

O 0Oooo

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0ooo
O 0Oooo
O
(]

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O Oooo

o
O O0ooo

O

O
O
O
O

O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O

(11)

O
O
O
O
O
O
O
(]

JP 2008-5506 A 2008.

ugooad

O
O
(]
O

O
O
O

O
O
O
O

O O
O O
O O
O O

O
]
O
O
O

O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O

O
O
]
O
O
O
O
O

O
O
O
O
O
O
O
O

O
O
O

O
O

.10

10

20

30

40

50



OooooooQgoQgaog

Oooooooo0ooDoooooooooogogoo

0O — —

OooooooooooooogoQgdg
OooooooooooooogQgg

I o B
OoOoo0oooaoo
Oo0Ooo0oooao
OoOoo0oooao
O 0Ooo0ooo

oo oooOooQooooo
Oooooooo0oooooooooDooooogooooao

OoooooooooDooooogogooooao

O

O
OoOooooooo0oooooo oD oo oDooooooDoooogogQgogoaoQo

OooooooogooQgg
OooooooogoQgdg
OooooooogoQgg
Ooooooogo

OO0 ooooooQgooooo
OoOooooooo0oooooooooooogoogoogoao-g

O

OOo0oooooooooooogog?®
O

Ooooooo@v

O

O
O
O
O
O
O
O
(]
(]
O
(]
(]
O
O
O
(]
O
O

O 0Ooo0oooao
I [

O
O

O 0Oooo
O 0Oooo

O

O 0Oooo
O 0Oooo
O 0Oooo

O 0Ooo0oo0ooao

[ R |

=

I [y |

[}

O

o= 0O 0O

O 0Oooo
O O0ooo
O O0ooo
O 0Oooo

O
O
O
O

O

O Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O 0Oooo
O 0Oooo

[}

[}

[}

[}

O 0Ooo0oooao
O Ooo0oo0ooao
O 0Ooo0oooao
O0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oo0ooOoao
O 0Ooo0oooao
O 0Ooo0oo0ooOoao
OoOoooo®®

O
O
O
(]

O

(12)

[}

O
O

O
O
(]
O

[ I |
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo

O
(]
O

O 0Ooo0oo0ooOoao
O0Ooo0oo0ooao
O 0Ooo0oo0ooao

[}

O
O

JP 2008-5506 A 2008.

O
O

[ I i
O 0Ooo0oo0ooao
Oo0Ooo0oo0ooao
OoOoooo®®
[ R |
I [ |

I [ I
I [
I [
I [

O 0Ooo0oo0ooao
O

O o O e o
O

O
O
o
o
o
O
O
O
O
O

(]
O
O
O
O
(]
O
O
O
O

N
O Oooo
O Oooo
O Oooo
O Oooo

O

.10

10

20

30

40

50



e R ey [ s R s [y |

SN I s e s s |
Ooooooooogogooo®

Oooooooo0ooDoooooooooog

Oo0oooogg

O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooOoo
O Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O Ooo0ooOoo
O Ooo0ooo
O Ooo0ooOono
O 0Ooo0ooOoo
O 0Ooo0ooOoo
O 0Ooo0ooOono
O Ooo0ooo
O Ooo0ooOoo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooOono
O Ooo0ooOono
O Ooo0ooOono
O Ooo0ooo
O Ooo0ooOono
O Ooo0ooOoo
O Ooo0ooOono

oo ooooooQgodg
OooooooooQgodg
oo ooooooQgodg
oo ooooooQgodg

Ooooooo0oooooQg?e

OooooooooQgoOo®
OooooooooQgoOo®

[m]

Ooooocoo0oooooooooooooogoo

OoooooooooDooooooDoooogogQgo®

oo o0oo0ooDoooo0o oo oDoooogogoooX

Oooooooooooao

O 0Ooo0ooo
O o0Ooo0ooao
O 0Ooo0ooo
O 0Ooo0ooao
O 0Ooo0ooao
O o0Ooo0ooao
O o0Ooo0ooao
O o0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooo
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooo
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooo
O 0Ooo0ooao
O 0Ooo0ooao

O

O 0o oo
O 0Ooogoo

O
O
O
O
O
O
O
O

O Ooooo
O Ooooo
O 0Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O 0Ooo0ooo
O Ooo0ooo
O Ooo0ooo

L B i |

O Oooo

[}

O O o
X O Oood
O 0o oo
O 0o oo
O 0o oo
O 0o oo
O 0o oo
O 0o oo

O
O
O
O
O
O

[m]

O 0Oooo

a

O 0Oooo

O
O
O
O
O
O
O
O
O
O
O
O

O 0Oooo

o= 0O 0O

O Oooo

(13)

[ |

=

O Oooo

O 0o oo
O 0o oo

O Oooo

O Oooo

O 0Oooo

]

O 0o x O

O Oooo

O O0oogoo

O Oooo

O 0Oooo

a

O 0o oo
O 0o oo
O 0o oo
O 0o oo
O 0o oo
O 0o oo

[}

O 0Oooo

O 0Oooo

JP 2008-5506 A 2008.

[ |

O Ooo0ooo
O o
O Ooo0ooo

O Ooo0ooo
O OooOooo
O OoooOoo
O Ooo0ooOoo
O Ooooo
O Ooo0ooo

O
[ |
O
O

O 0o oo
O 0o oo

O
O
O
O

O
O
O
O
O
O
O
O
O
O

O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0ooo
O 0Oooo
O 0ooo

O 0Ooo0ooao

[ e I B
O 0Ooooo
O 0Ooooo
O 0Ooooo
O 0Oooo
O 0Ooooao
O 0Ooooo
O 0Ooo0ooOoo

O O0ooo

.10

O 0o oo

O 0ooo

10

20

30

40

50



Oooooooo0ooooooo0DooDooooooooood

e

Oooooooooooooogooooao
Oooooooooooooogooooao
Oooooooooooooogooooao
Ooooooo0oooooooooooao
Ooooocoooooooooooooao

X e e e e Y

OoooooogoQgoo

oo o ooooooogQgos

O O

L s R e [ A [y |
Ooo0ooooooo o0 ooDooooo0ooDooooogogooao

O O

Ooo0oooogoQgoo

Ooooooooooooooo®@

(=

oo

O

O O

Oooooooooooog?e

O

O 0Oooo
O 0Oooo

[m]

O

O oOooo
O o0Oooo
O o0Oooo
O o0Oooo

O

I [ |
I [y |
I [y |
I [ Iy |
I [ |
Iy |
I [ |
I [y |
I [y |
I [ |
I [ Iy |
I [y |
I [y |
I [ |
I [ |
I [y |
I [y |
I [y |
I [ |
I [ [y |
I [y |
I [y |
I [y |
I [y |
Iy |
I [y |

O
O
O
O
O
O
(]
(]

00O
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo

[m]

[ R |
O 0Oooo

O
O
O
O
O
O
O
O

LS mx ).

Do p=t

gooaooodadd

O
O
O
O
O
O
O
O

O 0Oooo
O 0Oooo
(]

O 0Oooo
O 0Oooo
O 0Oooo
< Oogog

[m}

O
(]
(]

O

a, = —Lixk (p)s,(p)

[}

(14)

O
O
O
(]

[ I R |
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo

[m]

[ I |
[ I R |
[ R |
[ I R |
I I o

Po p=1

Iy |
O 0Oooo
< Oogog

[m}

I Ry |
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo

[}

[m}

O
O
O
O
O

JP 2008-5506 A 2008.

[m]

[ I I B

O

O 0Oooo
O 0Oooo
I B

R

O
O 0Ooo0googoo
I [ |
I [y |
O 0Oo0oogoo
I [y |
O 0Ooo0oogoo

O
O
O
O
O
O
O

O 0Oooo

[m]

[ I |

O 0Oooo

.10

O 0Oooo

10

20

30

40

50



e R ey [ s R s [y |

e e ey e ey sy [ |

e e ey e s [y |

e [ sy |

e [ ey e [ s [y [ |

1 e e e e R [ [y

Iy |

O
O
O
O
O
O
O
O
O
O
O
O
O
O
(]
O
O
(]
O
O
]
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O

O 0Oooo
O 0Oooo
O 0o oo
O O0ooo
O Oooo
O 0o oo
O 0o oo
I [ [y
O 0o oo
I [ [y

Oooooooooooao
Oooooooooooao
Ooooocooooooao

O 0Ooo0gooo
O 0Ooo0gooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0gooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo

O
O
O
O
O
O
O
O
O
O
O
O

O
O

Ooooooooogoogoo
Ooooooooogoogoao
Ooooooooogoogogoo
Ooooooooogoogoo
Ooooooooogoogoo
Ooooooooogoogoo
Ooooooooogoogogoo
Ooooooooogoogogoo
Oooooooooogoao
Ooooooooogoogogoo

O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O

[}

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

(15)

Oooooooogod

(=

O

O

O 0Ooo0oo0oooao

I I o

Ooooooooogoogoao
Ooooooooogoogogoao
Ooooooooogoogoao
Ooooooooogoogoao
OOooooooogogOo

O

Ooooooooogoogoo

O O0OoO0ooOod

[ |

O

(]
O 0Ooo0ooo
O 0Ooo0gooo
O 0Ooo0ooo

O0Ooo0oo0ooao

O
O
O

JP 2008-5506 A 2008.

[ |

OOoooooQgoOo®®

O

OOo0ooooooogooQgo

Ooooooooogoogogoo

[y

[ |

O

O
O 0Ooooo

O0Oo0oooao

O
O
O
O
O
O
O
O
O

[}

Oooooooogoogo®

Ooooooooogoogoo
Ooooooooogogoao
Ooooooooogoogogoao
OOooooooogoogo®

Oooooooogoogogoo
Ooooooooogoogoao
Oooooooooogooao

O oOooo
O oOooo
O oOooo
O oOooo
O oOooo
O o0ooo
O o0Oooo
O o0ooo

O
O
O
O
O
O
O

.10

10

20

30

40

50



e R ey [ s R s [y |

Ooooooo0oooooooo0ooDooooooooao
Ooooooo0ooooooo0ooDooooooooao

Oo0oooooooooodg

Oo0ooooooo0 oo oooo oD ooDoooQgogooQg

Ooooooooo0ooooogogooooao

[ |

[ |
[ |
[ |

OoooooooOoooooao

[
Oo0oooooo o0 ooooogogooooao

Oooooooo o0 ooooogogooooao
OooOoF Oooo I I o

Oooooooogoogooo
Oo0oooooooQgodg

I o

O

O

oo Oooooog

Ooooooooogoogoo

I o

O

O

000
as example of

O
a
u

O
a
u

O
a
u

(16)

O

O

[}

JP 2008-5506 A 2008.

uobouoboobooobad

oooooooooooooobbbO0O0CCOCOO0OO0OOooOooOoao
oneD 0 0D0O0O0ODODO0DODOODOODOODOODOO

ooooooooooao

O
O
O
O

O

O

O

O

O

O

O

I

O

O

O

O

O

O O

oooodg 0od
ooobooobooboobao

oooooboooboooboad

oobooobooboooboad

oo

uobouoboobooobad

.10

10

20

30

40

50



e R ey [ s R s [y |

e e ey e ey sy [ |

e e ey e s [y |

Oo0oooogog

OoOooooooo0oooooo0o oo oDoooo oo oDoooooooDoDoDooooooooogdg

Ooo0oooooooQo® OO Do oooooQgogo-g

[

OoooooooooooooooDoooogoQgoOo®

e [ [ ey sy [ |

JP 2008-5506 A 2008.

O
o
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O

.10

10

20

30

40

50



e R ey [ s R s [y |

Ooooocooooooooogogos

Ooo0ooooooo0ooDoooo o0 oo oDooooDooDoDoooogooooao

[ ey e e e s [ [

e [ ey [ s [y |

e [ ey e R s [y |

e ey [ sy |

O 0Ooooo
O 0Ooo0ooo
O 0Ooooo
O Ooo0ooo

O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
(]
(]
O
O
O
O

O0Ooo0oooao

O

O 0Ooo0gooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo

50O 0O

O
O 0Ooooo
O 0Ooooo
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Ooooo
O 0Ooooo

O
O
O
O
O
O
O

[ |

O

O
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0gooo

[ |

O

(]
O 0Ooo0ooOoo
O 0Ooo0gooo
O 0Ooo0gooo
O 0Ooo0ooo
O 0Ooo0gooo
O 0Ooo0gooo
O 0Ooo0gooo
O 0Ooo0ooo
O 0Ooo0gooo

I I o

O 0Oooo

(18)

O 0Oooo

]

O 0Oooo

O Oooo

]

[ i Ry
O 0Oooo

]

O 0Oooo

O 0Oooo

O 0Oooo

]

O 0Oooo

O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0gooo
I I i

JP 2008-5506 A 2008.

O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo

O

O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0gooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo

O O0ooo

.10

O O0ooo

10

20

30

40

50



e R ey [ s R s [y |

e e ey e ey sy [ |

Oo0oooooo0ooooooo0ooDoooooooDoooQgoo®

Ooooooooooooooooooodg

OoooooooQooooao

Ooooooo0ooooooo0 oo oooo oD oo oDoooo0DooDoDoooQgoOoos

O O

[

e e ey e e O

OooooooooooooooooDoooogoooao

Oo0ooooooooooooogoooao

O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooOoo
O Ooo0ooo

O O

O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

[ |

[m]

O
O Ooooo
O OoooOoo
O Ooo0ooo

[ |

[m]

O
O 0Ooo0ooOoo
O 0OoooOoo
O Ooo0ooOoo
O OoooOono
O Ooo0ooOono
O Ooo0ooo
O Ooo0ooo
O Ooo0ooOoo
O Ooo0ooo

I I

(19)

[}

[}

O

O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
I T

JP 2008-5506 A 2008.

O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O

O

O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo

.10

10

20

30

40

50



e R ey [ s R s [y |

e e e ey e v

Oo0oooogg

I [ |

Ooooooooo0ooDoooo0o oo oDooooD oo oDoooooooDoDoDooooooooogdg

Oooooooo0ooooooo0 oo oooooDooDoDooooooooogdg

OoooocooooooooogoQg®

oo ODOooooo0ooDoooooooDoooogoooao

OoooooooooooooooDoooogogoQgoOo®

I e e s e e I R Iy

(20)

JP 2008-5506 A 2008.

O
O
O
O
O
O
O
O
O
O

.10

10

20

30

40

50



e R ey [ s R s [y |

Oooooooooooooo0ooooooooo®

Oooooooo0ooDoooooooDoooogogoooao

Ooooooooooooooooooodg
Ooooooooooooooooooodg
Ooooooooooooooooooodg
Ooooooooooooooooooodg

Ooooooo0ooooooo0 oo oooooooDoooogoQgoQg
OoOoooooo0ooooooo0 oo oooooooDooogoQgoQg

oo o0o oo oooo0 oo oooo o0 oo oooogoQgo-g

[
Oooooooooooooo0 oo oooooooDoooogQgoQg

[}

O

O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
(]
O
O
(]
O
O

O 0Ooo0ooo

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo

O
O
O
O
O
O
O
O
O
O
O
O
(]
(]
O
O
O
O
O
O
O
O
O
O

[ I B

O Oooo
O Oooo
O Oooo

e I B

O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O Oooo

(21)

[m}

O
O 0Oooo
O 0Oooo
O 0Oooo

O
O

JP 2008-5506 A 2008.

O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo

uoano

O

[}

O

O

.10

10

20

30

40

50



e R ey [ s R s [y |

e e ey e ey sy [ |

OoOoooooo0ooooooo0ooooDoDoooo oo oDooooooDoDoooQgogo®

OO0 ooooooQgoooo

I [y |

e

R R [ I Iy

OoOooooooo0o0oooooooDooDoooooooooao

O
O

Oo0oooooooooooogogoooao

O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooOoo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooOoo
O Ooo0ooo
O Ooo0ooo

OoOoo0ooooao

O

O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Oo0oo0ooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Oo0oo0ooao
O 0Oo0oo0ooao
O 0Oo0oo0ooao
O 0Oo0ooOooao
O 0Oo0ooOooao

O
O
(]
(]
O
(]
(]
O
O
O
(]
O
O
O
O
(]
O

O O0ooo

O

O O0ooo

O O0ooo

O 0ooo

O O0ooo

JP 2008-5506 A 2008.

O
O
O
O
O
O
O
O
O
O

(]
O
O
O
O
(]
O
O
O
O

O O0ooo

O O o
O O0ooo
O O0ooo
O O0ooo
O O0ooo
O O0ooo
O O0ooo
O O0ooo
O O0ooo

[m]

O O0ooo

.10

O O0ooo

10

20

30

40

50



Ooooooooooooooooooodg
Ooooooooooooooooooodg

—/

oo o ooDoooogooooooo

ooool Tooooeo
OO oo

i

Oooooooogod
Oooooooogod
Ooooooo@v

OoooooogooQgooao
OoooooooQgooao
OooooooQgooao

"o o0ooooooooooogooooo

O OO

O O0ooo

OooooooogooQoogooQo

OooOooo®®

O 0Ooo0gooo
O 0Ooo0gooo
O 0Ooo0gooo

I o

O

O 0Oooo

I [y |

[}

O
O

O O Oooooooogod

OoooooooQgo

OoooooogogoQoogoo

[}

O

Oooooooogog

Ooooo>00

O 0Oooo
I I o
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O O0ooo
O 0Oooo
O O0ooo
O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo
O 0Oooo

O
O
O
O
O
O

]
O
O
>
O

[
=
=

X
[ ]

O
O
O
O
O

O
O
O
O
O
O

O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O

O

O >

O

Vo = lqla'"aqmﬂ(k).l

O

g ODooooooad

O

lQ'1s---9‘Im0(k)J

[
O >

O
O
O
O
O
O
O
O
O
O
O
O

[}

(23)

O
O
O
O
O
O

[}

O
O
O
O
O

JP 2008-5506 A 2008.

[m]

O
O
O
O
O
O
O
O
O
O

[m]

O
O
O
O
O
O
O

.10

10

20

30

40

50



O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao

oooo
Oooo

—/

L I I B |
O 0Ooo0ooooao
O 0Ooo0ooooao

[ |

O
O

H DLE — VJLH

O

O

I [y |

O

O
O

O0Ooo0oooao
O0Ooo0oooao

O

5 T
HDL,k - VDLHDL,k

O

DLi —

4

DLk

oooooo® g
DooOooooao

(=

(24)

ooooooooooooooao

ooooooooooooobboDbooao

Vi )T = [’11 u n"'s’lmo(k)“mom ]T

o"ooo”
DOooooao

JP 2008-5506 A 2008.1.10

10

20

H ;JL,kH ;L,kQ = QA2
H;L,kH;L,kqm = j’fnqm

oo oooooooo@T T ooooooaog

O 0Oooo

O0Ooo0ooooao

Ooo0o0ooood
I I o

OooOoo0oood

Ooo0o0ooood
OooOoo0oood

O OO

VoL = ‘.‘ﬁ(H ol gL,k)’"'emD(k) (H :)L.,..FcH

T
DLk

t

OO0

0

OO0
0..00yu0o0o0000 3,000, ,,00000000000000
00,5 00

OO0

O

0DoOo
000000000000, 0000000000000000000000000
DOooDOoooo

0Doo

DooOooooooooooooooooo® 0000000000000
DO00000000O0O0O0,000000000000000, 0000000
, 0000000000000’ 0000000000000 0O00O0D0O00O00
0DoOo

D0000000000O00D000000000, 00000y 30000400
D00, ., 000000000000 D0O0D0O00O00O00O000000000; 4
O00D0D0y oo 00”0000 0000000000000
O, .0, 000000000000000,00000000000000000
00, 00000000000000D0O0D0O0D0O00

0Doo

30

40

50



Ooooooooooooooodg
Ooooooooooooooodg
Ooooooooooooooodg
Oo0ooooooooooooodg

U " ogoooooooooooooool T
O e e O e O o O o s o (=

OooooooooooooQgdg

oD oo ooooooo

OoooocoooooooQgdg

R [ [ |

oo OoDoooogogoog

Oooooo®@

OoooooooooooQgdg

Oooooooogogog

OooOoooo®v

OoooooooooooQgdg

O 0Ooo0oooao

OooooooooooooQgdg

O 0Oooo

Oooooooogd
Oooooooogodg

Ooooooooooooood

Ooo0oooQgdg

O O0ooo
O O0ooo
O 0Oooo
O 0Ooo0oogoo

T [ o

O O0ooo

[ |

O 0Oooo

O

O

[}

[ |
[ |
[ |
[ |
O o
[ |
[ |
[ |
[ |

O O0ooo
O 0Oooo
o
o
O Oooo
O O0ooo
O 0Oooo
O 0Oooo

O
O
O
O
O
O
O
O
O

!

DLk

O
O
O
O
O
O
(]
(]
O

L B |
Iy |
I [y |
I [y |
I [ |
I [y |
I [ |
I [ |
I [y |
Iy |
I [y |

[}
[}

O
O
O
O
O
O
(]
(]
O

O
O

O
O

O O0ooo

O
O

(]
(]
O
O
O
(]
O
O
O
O
(]
O
(]
O

O O0ooo

O
O
O
O
O
O

(25)

O
O

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0ooo
O 0Oooo
I o

[}

[m]

O
O
O
O
O

[}

JP 2008-5506 A 2008.

ugoooaooad

O

O

O

O

O
O
O
O
O
O
O

O

[
[ I R |
[ I R |
[ I R |
O 0Oooo

[m]
[m]

O

O
(]
O
O
O
O

[}

O

[m}

O

[m]

uoano

O

O

[ I R |
[ I R |
O 0Ooo
O 0Ooo

O

[}

.10

O

10

20

30

40

50



OoooooooQooooao
O0Ooood

Oooooooo0oooooooooooooogooooao

Oo0oooooooooodg
Oo0oooooooooodg

Oo0ooooooo0ooDoooooDooDoooogoooao
Oo0ooocooooooodg

I s e e e

O 0OoOo0ooooog®
> O Ogo

Oooooooo0oooooogogQgogo?s
OooooooooooooOooa:
OoooooQgo®®
OoooooooOoooooao
Oooooooogooooaoo

—/

O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo

(26) JP 2008-5506 A 2008.1.

O
[ |
O O

O 0o oo
O 0o oo
O 0o oo
O 0o oo
O 0o oo
O 0o oo
o
O 0o oo
O 0o oo
I [ I
O 0o oOoo
O 0o ogoo
O 0Ooo0oo
O 0o oOoo
O 0o oo
O 0o oOoo
O 0o ogoo

OOoo0oood
O Ooo0ooo
I I
O Ooo0ooo
O Ooo0ooo

O o
O Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O Ooo0oono
O Ooo0oono
O Ooo0ooo
O Ooo0ooo
O Ooo0ooOono
O Ooo0ooo
O Ooo0oono
O Ooo0ooOono

O

OoooooooQooooao
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
m]
m]
m]
m]
O
O
]
m]
m]
m]
m]
O
O
O
O
O
O
O
O
O
O

O 0Oooo
O O0ooo
O O0ooo
O O0ooo
O O0ooo
[ i R |
O O o
[ i Ry |
O OO
O O0ooo
O O0ooo
050 0O
O O o
O O o
O O o
O O o
O O0ooo
O O0ooo
O O0ooo
O O0ooo
O 0Oooo
O O0ooo
O O0ooo
O O0ooo
O O0ooo
O O0ooo
O O0ooo
O O0ooo
O O
O O
O O
O O
O O

[m]
a
[m]
[m]
[m]
a
[m]
[m]

O oo
O oo

00000

00000

Oo0oOoo O

O

O

5O

O O

i -

O>000

O oo
O

O O

O O

: O

00000

O O

> 0o O

oo O

O oo

O 0o

O Ooooo
Oo
Oo

O >0 04

Oooo > O
Oooo
o> 00 Qg
oo oo
oo O
OoooQg
O
DI:I
DI:II:I
OoooQg
OoooQg
(]
OoooQg
DD
DD
DD
OoooQg
O
DI:I
DI:I
O =R
o> 00 Od
DI:I

O
O

OoooooooQgooao
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
=]
=]
m]
=]
O
O
O
O
O
O
O
O
O
O
O
O
O

Ve = l‘]m yoeey quO(k)J

ooooooooooooao

O



—/

oooooo T T oooo
o e o R o R

—/

OoOoooooooDoooooo oD oooDooooo0ooDoooogogQgoao
OoOoooooooooooooo oD oooDooooo0ooDoooogoQgoao

O O0ooo

O O0ooo

[ Ry |
[ Ry |

[m}

O
O

O
O

OooOoo0oood

OoooocoooooooooooDoooogogoQgogoao

O 0Oooo
O 0Oooo
O O

o1

ULk

o
O 0Ooo0gooo

O Ooo0oooao

oDooooooooooooOon
o
t~

OoOoooooooooDoooooDoooDooooo0oooooogoQgoao

Oo0ooocooooooooogogos
OoOooooooooooooooooDoooDooooo0ooDoooogoQgogoao

H vLE H UL,kVUL

(27)

T
=Hy Vi = [ﬂm “U1="°”1Umo(k)“Umo(k)]

UooooooooooobDDoDng g

= e (HE B oy Voo H

O 0Ooooo O

O

O
O
O
O
O
O
O
O

O Ooo0ooo
I o

gooooooao

O O
O O

[}

O
O

O

[}

O Ooo0ooo
O Ooo0ooo

O OO

=

50O 0O

O
O Ooooo
O Ooooo
O Ooooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo

O Ooooo
O 0Ooooo

O
O

B R |

O
O Ooooo
O

0 g

O
O Ooooo
O 0Ooooo

O
O

O
O

H
ULk

gooogao

O
O

O
O
O
O
O

]

O O o
O O o
[ i Ry
O O o
[ i Ry
o

]

O
(]
O
O

(]

O

a

Hy,))

a

O
O
O
O
O
O
O
O
O
O

o

O O0ooo

O O
O O

O

O
O Ooooo
O Ooooo

[}

O O0ooo

[}

O

O O0ooo

O
O
O
O
O

O O0ooo

O 0ooo

JP 2008-5506 A 2008.1.10

A R
O Ooooo
O Ooooo

O

[}

O O0ooo

o= 0O 0O

O 0Oooo

O Oooo

O Oooo

O Oooo

I

o= 0O 0O

O
O
O
O
O
O
O

O 0Oooo

I I B

O 0Oooo

I I

O Oooo

O Oooo

O O0ooo

O 0Oooo

O 0Oooo

O 0Oooo

O O0ooo

O Oooo

O 0Oooo

10

20

30

40

50



DoooDooooo<oooooooooooooof " "ToooooooooDo0Doodooo0oo0OdoOdodoood

OoooooogogoQgo?®®

Oooooooo0ooDoooooooooogogogoogoaoQg

Oo0ooooooogoooooano

Oooooooodg

Ooo0oooooogooQgogogooQg

Oooooooooooooo0ooooooogoooao

OooooooooooooOooa:

Ooooooooogogooo®s

o

toDooooooooo

Oo0oooooooooodg

Oooooooooooooooogogooo®®

Ooooooooogogooo®

O

Oooo0oooQgdg

OO0 Oo0oDoDOoOooooOgoogo=<o

Oooooooodg

O

LS (B)%(p)".

Po p21

OoOoo0oooao

=

[}

Oooooooooooo:v

O
O
O
O
O
O
O
(]
(]
O
(]
(]
O
O
O
(]
O
O
O
O
(]
O

O
O
O
O

O Ooo0ooo

<

O

O

O OO
O Oooo
O 0Ooo0ooo

[}

O

O

O Ooo0ooo

O
O 0o oo

O

]

O
O
O
O
O
O
O
O
O
O
O
O
O
O

L B i |

[ N i R |

I Ry |
O 0o oo
=]

[}

(28)

O
O

O OO
O 0o oo
O 0o oo
O 0o oo
O 0o oo
O 0o oo
O 0o oo

]

O O

=

O 0o oo
O 0o oo
O 0OooOoo
O 0o oo
O 0o ogo o

JP 2008-5506 A 2008.

uoboooboobad

O

O

[m}

O

[ |

=

O 0o oo
O 0o oo
O 0o oo
O 0o oo
O 0o oo
O 0o oo
O 0o oo

O

.10

10

20

30

40

50



OooooooogoQgaoQg
OooooooogoQgaQg
OoooooooQgooQgQd
OooooooQogoQgoaQd

(29) JP 2008-5506 A 2008.1.10

g boobooboobooobooboobooboobooboaoadd
ooooooooooooogbOobybODO0OD00O0O0

gooooboobooboobooboobogbOobobooboo
ugbobobouobooboobouoboobooboobooboobad

[ e T e T e R |

Ooooooooooooodg
Ooooooooooooodg

O Oooo
O Oooo
O 0Oooo

[

L e B e T e B |

Oooooooooooooogooooao
Oooooooooooooogooooao
Ooooocoooooooooooooao

O 0Ooooo
O oOoooao
O oOoooo
O oOoooo
O Ooo0ooo

OoooooooooooQgdg

O 0Oooo

Ooooocooooooooogooooao

O O

O O =sEo0ooooooogoooo

I T

O

O o0y O O oo oo O
h,
HDL,k=
Ry
0 D00, 0000, 0O Dooao
O by O O OO OO O0o0oano O
O Ooooao O oo oo oooao
O Ooo0ooao O OO OO Ooo0oaoano O
O Ooo0o0oao O oo oo Ooo0o0oao
0 00,000 041 Lo I 00O .
O OO0y O O oo oo Oy 00 O
O Ooo0oao O g O oo Ooo0oao O
Il I on o Il ol I O oo
0 00, , 00000
1 0
0 0
Vor
0 1
0 0

10

20

30

40

50



O

O — — —

Ooo0oooooo0o oD oo oooo0 oo oD oDoDooo0oo0ooDooooogogogoooao
OoOo0oooooooooooooo oo oDoooo0ooDoooogoQg

O O
O

Oo0ooooooooDooDoooo00ooDoooooooDooogQgogoaoQg

Ooo0oooooo0 o ooDoooo0 oo oDooooo0ooDoDoooogogogoooao
Ooo0oooooo0 oo oDoooOo0 oo oDoooo0oo0ooDoDoooogogogoooao
O Oo0ooooooo0 o0 oo oooOo0 oo oD oDoDooo0o oo oDoooogogogoooao

Oo0oooooooooooooo0ooooooogoooao
Oo0oooooooooooooo0ooooooogooao
Oo0oooooooooDooooo0ooooooogooao
Oo0oooooooooDooooo0ooDooooogoooao
Oo0oooooooooDooooo0ooooooogoooao
Oo0oooooooooDooooo0ooDooooogoooao
Ooo0oooooooooDooooo0ooooooogoooao
Oo0oooooooooooooo0ooooooogooao
OOo0oooooooooDooooo0ooDooooogoooao
OooooooooooDooooo0ooooooogoooao
OOo0oooooooooDooooo0ooDooooogoooao

Ooo0oooooooooooogoQga-g

O 0Ooo0oo0ooao

O
O
O
O

O
O
O
O

(]
O

(30)

O
O

(]
O
O
O
O
(]
O

JP 2008-5506 A 2008.1.10

(]
O
O
O
O
(]
O
O
O
O

10

20

30



OQ0odg

j%n’t | 20,
’ EAntz IE MSKAntl
II‘ MSK:AntM
?-N "/ 204
15
OQ0odg
% MSAntl
o
200
=
1205

PIEN

WF—F MSAntM

201

- o
M ULFMA ] :
[ | Déﬂgﬂm ;MK
P
s S
“o0s
Ooo0oogno
BSAntl
400 ~| -
1405
403 ‘w*»wi, s
4024 401

(31) JP 2008-5506 A 2008.1.10
OoO0o0oano
MIMOF ¥ Fv
FFFREE Y 2 —1 \305
> -~
U LJ51 N PR
48 M, y'j/gugéyﬁﬁ’ mo
. R
o S0
\205
O0o0oano
MIMOF ¥R
RS S e N300
Ué\]?jg]@ M, f'y7%§7rfy§% imo
\330 \325
\205
oogogno
5300 KM Z#75
S50872 %

S515~

8525
#Hmyk) HEET 5
8526

oy MEBRERT B
CSIZRIET 2
FAL A BERT S




(32) JP 2008-5506 A 2008.1.10

oooo oooo
5601{m0<1>~moa<j’mww5| S701\Lmo<1>~m0a<>2mwm]
S602 B l~vm.)(lt)<M 9702 TES $mo(k)<M
S603: ‘ 5703: ‘
8604* RRODRI/m19% UJDT(k)mO(k)Z‘»Jt%?’W‘él

Ooo0o0oad Ooo0oao
myk) &ZZET 5
sso1\Lmo(1)~m0(K>mz;wm |
> $S901
sgoz ES LA N A moMERERETS '
$803 S902- | MIMOF /14727202 7475
ZRDD
S903 l
8804\1\37jc®Mk/m0(k)&1§.R +% | \T SR ’
805
my (k) =m,(k)+1 5904 l
BEERTS I
$905 :
Vp &R 2
i
3906\L CSIE kb % \
S907. l

N AETS |
)




(33) JP 2008-5506 A 2008.1.10

Ooo0oooao Oooooaono
$100 S110
R - SIU\L A MEBEEETS |
v S11 I
S102- |MIMOF RN T v 7V 2475 SINR %
AL BTy T 7} HETS l
$103 1 S113 1
\r iy ' \T EEBRT B }
S104 ! S114 !
1A
\f EEERT S | T ﬁ“’fé |
$105 -
L vasmes | ooooao
$10 !
1 6\[ CSIERD % | n, | CQI(Y)
s107. !
At BET S | m® I n | CcQ)
! n, | CQI3)




(34) JP 2008-5506 A 2008.1.10

gobogooaon

(74)000

(74000

(74000

(74)000

(72000

100084010
ooooooooo
100094695
ooooooooo
100111648
oogoooooo
100147500
oooogooooo
oood
goooooooooooooboooooooooooooooooboboooooooooooon
ooood

0000 (@O) 5K022 FFOO
0000 OO 5K059 CCOL CCO3 DD31  EE02



(35) JP 2008-5506 A 2008.1.10
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Title of the Invention

Method for controlling and transferring channel state
information, device for controlling channel state

information, telecommunication device, computer program, and

signal

The present invention relates generally to telecommunication systems and in
particular, o methods and devices for controlling channel state information
transferred by a first telecommunication device to a second telecommunication device.

Recently, efficient transmission schemes in space and frequency domains have
been investigated to meet the growing demand for high data rate wireless
telecommunications. In the space domain, Multi-Input Multi-Output (MIMO) systems
using mulﬁple antennas at both transmitter and receiver sides have gained attention to
exploit the potential increase of the spectral efficiency.

In some fransmission schemes using MIMO systems, the telecommunication
device which transmits data streams has some knowledge of the channel conditions
which exist between itself and the telecommunication devices to which the data
streams are transferred. The tclécommunication device directs the signals transferred
to a telecommunication device according to the channel conditions, and then improves
the overall performances of the system. _

Practically, when the channels responses between uplink and downlink channels
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obtained according to the following method : a telecommunication device like a base
station transfers pilot signals to another telecommunication device-like -a~mobile
terminal, the mobile terminal receives the pilot signals, determines the channel
responses from the received pilot signals, as example wnder the form of a channel
matrix which is representative of the channel conditions, and uses the determined
matrix in order to direct the signals which have to be transferred to the base station
which has sent the pilot signals. ,

The coefficients of the determined channel matrix are the complex propagation
gains between the antennas of the base station and the antennas of the mobile -
terminal,

Some of the complex propagation gains reflect poor channel propagation
conditions which exist between some antennas of the basc station and the mobilc
terminal.

If an important number of mobile ferminals report all coefficients of the -

determined channel matrix 1o the base station, the transfer of these coefficients

requires an important part of the available bandwidth of the overall wireless
telecommunication network and the base station needs to have important calculation
means in order to treat all these coefficient.

Other channel conditions measurements can also be determined. The channel
conditions are as example the Signal to Interference plus Noise Ratio measured by the
mobile terminal.

~ If an important number of mobile terminals report all the Signal to Interference
plus Noise Ratio, the transfer of these data requires an important part of the available
bandwidth of the overall wireless telecommunication network and the base station
needs to have important calculation means in order to treat all these coefficient.
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The aim of the present invention is to propose methods and devices which
enable the reporting of the channel conditions without requiring an important part of
the available bandwidth of the overall wireless telecommunication network.

To that end, the present invention concerns a method for controlling channel
state information transferred by a first tclccommunication device to a second
telecommunication device, the first telecommunication device determining
information representative of the quality of the signals transferred between the first
and second telecommunication devices, characterised in that the method comprises the
steps executed by the second telecommunication device of
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- determining a number of information representative of the quality of the
signals transferred between the first and second telecommmunication devices-the first
telecommunication device has to report as a channel statc information,

- transferring the determined number to the first telecommunication device.

The present invention concerns also a device for controlling chamnel state
information transferred by a first telecommunication device to a second
telecommunication device, the first telecommunication device determining
information representative of the quality of the signals transferred between the first
and second telecommunication devices, characterised in that the device for controlling -
is included in the second telecommunication device and comprises :

- means for determining a number of information representative of the quality of
the signals transferred betwcen the first and second telecommunication devices the
first telecom.tnmﬁcation device has to report as a channel state information,

- means for transferring the determined number to the first telecommunication
device.

Thus, the second telecommunication device is able to control the quantity of
information representative of the quality of the signals transferred between the first
and second telecommunication devices.

According to a particular feature, the number of information representative of
the quality of the signals transferred between the first and second telecommunication
devices the first telecommunication device has to report is lower than the number of
the determined information representative of the quality of the signals transferred
between the first and second telecommunication devices.

Thus, the part of the available bandvmdth of the overall wireless
telecommumcaﬁon network used for the recewmg thc channel state information is
reduced.

According to a particular feature, the second telecommunication device allocates
to the first telecommunication device a number of pilot signals which is equal to the
determined number.

Thus, the availablc pilot signals are used efficiently. -

According to a particular feature, the second telecommunication device receives
the channel state information from the first telecommunication device and controls the
transfer of the signals representative of at least a group of data between the first and
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the second telecommunication devices according to received the channel state
information.

Thus, it is possible to allocate the resources of the network in an efficient way.

According to a particular feature, the second telecommunication device
determines the number of first telecommunication devices which are linked to the
second telecommunication device.

A first telecommunication device is linked to the second telecommunication
device when it can transfer signals to the second telecommunication device and
receive signals from the second telecommunication device.

According to a particular feature, the number of information represéntative of
the quality of the signals transferred between (he first and second telecommunication
devices the first telecommunication device has to report as a channel state information
is determined according to the number of first telecommunication devices which are
linked to the second telecommunication device. |

Thus, the second telecommunication device allocates the resources of the
network among the first telecommunication fairly.

According to a particular feature, the second telecommunication device receives
the number of antennas each first telecommunication device comprises and determines
the number of information representative of the quality of the signals transferred
between the first and second telecommunicalion devices cach first telecommunication
device has to report as a channel state information according to the number of
antennas the first telecommunication device comprises. . |

Thus, the second telecommunication device allocates the resources of the
network among the first telecommunication according to their communication
c-flpabilitiesr. ' ‘ .

According to a particular feature, the second telecommunication device receives
from each first telecommunication device their respective requirement in term of data
rate and determines the number of information representative of the quality of the
signals transferred between the first and second telecommunication devices-each first
telecommunication device has to feport as a channel state information according to the
requirements in term of data rate.

Thus, the second telecommunication device allocates the resources of the
network among the first telecommunication according to their communication needs.
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According to a particular feature, the second telecommunijcation device receives
from cach first telecommunication device, their respective requirement interm- of
response delay and the number of information representative of the quality of the
signals transferred between the first and second telecommunication devices each first
telecommunication device has to report as a channel state information is determined
according Lo the requirements in term of response delay. _

Thus, the second telccommunication device allocates the resources of the
network among the first telecommunication according to their communication needs.

According to still another aspect, the present invention concerns a method for
transferring, by a first telecommunication device, channel state information to a
second telecommunication device, the firsi (elecommunication device determining
information representative of the quality of the signals transferred between the first
and second telecommunication devices, characterised in that the method comprises the
steps executed by the first telecommunication device of -

- receiving from the second telecommunication device a number of information
representative of the quality of the signals transferred between the first and second
telecommunication devices the first telecommunication device has to report as a
channel state information,

- determining a channel state information which comptises the received number
of information representative of the quality of the signals transferred between the first

and second telecommunication devices,

- transferring the channel state information to the second telecommumcatlon
device.

The present invention concerns also a first telecommumcatlon device which
transfers channel statc information to a second telecommunication device, the first
telecommunication device determining information representative of the quality of the
signals transferred between the first and second telecommunication devices,
characterised in that the first telecommunication device comprises :

~ means for receiving from the second telecommunication device a number of
information representative of the ‘quality of the signals transferred between the first
and second telecommunication devices the first telecommunication device has to
report as a channel state information,
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- means for determmmg a channel state informatjon which comprises the
reccived number of information representative of the quality of the signals-transferred
between the first and second telecommunication devices,

- means for transferring the channel state information to the second
telecommunication device.

Thus, the quantity of information representative of the quality of the signals
transferred between the first and sccond telecommunication devices is reduced.

According to a particular feature, the first telecommunication device comprises
antennas and the second telecommunication device which comprises antennas and in
that the quality of the signals transferred between the first and second
telecommunication devices is the propagation gain belween one antenna of the first
telecommunication devices and one antenna of the second telecommunication device.

Thus, the second telecommunication device is informed about the propagation
gains which are determined by the first telecommunication device,

According to a particular feature, the propagations gains are coefficients of a
downlink channel matrix and the measured information representative of the quality
of the signals transferred between the first and second telecommunication devices
comprised in the channel state information are determined by executing a singular
value decomposition of the downlink channel matrix.

Thus, the second telecommunication device is informed about the propagation
gains which are determined by the first telecommunication device in the downlink
channel.

According to a particﬁlar feature, the propagations gains are coeflicients of an
uplink channel matrix and the determined information representative of the quality of
the signals transferred between the first and second telecommunication devices
comprised in the channel state information are determined by executing a singular
value decomposition of the uplink channel mairix.

Thus, the second telecommunication device is informed about the propagation

gains which are determined by the first telecommunication device in the uplink

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
L channel.

E According to still another aspect, the present invention concerns computer
[ programs which can be directly loadable into a programmable device, comprising

[ instructions or portions of code for implementing the steps of the methods according
L
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to the invention, when said computer programs are executed on a programmable
device.

Since the features and advantages relating to the computer programs are the

- same as those set out above related to the methods and devices according to the

invention, they will not be repeated here.

According (o still another aspect, the present invention concerns 2 signal
transferred to a second telecommunication device from a first telecomnumication
device, characterised in that the signal comprises a number of information
representative of the quality of the signals transferred between the first and second
telecommunication devices the first telecommunication device has to report as a
channel state information to the second telecommunication device.

Since the features and advantages relating to the signal are the same as those set
out above related to the methods and devices according to the invention, they will not
be repeated here. |

The characteristics of the invention will emerge more clearly from a reading of
the following description of an cxample embodiment, the said description being
produced with reference to the accompanying drawings.

Fig. 1 is a diagram representing the architecture of the wireless network
according to present invention.

In the wireless network of the Fig. 1, at least one and preferably plural first
telecommunication devices 20; or 20g are linked through a wireless network 15 to a
second telecommunication device 10 using an uplink and a downlink channel.

Preferably, and in a non limitative way, the second telecommunication device 10
is a base station or a node of the wireless network 15. The first telecommunication
devices 20, to 20 are terminals like mobile phones, personal digital assistants, or
personal computers.

The telecémmunication network 15 is a wireless_telecommunication system
which uses Time Division Duplexing schemc (TDD) or Frequency Division
Duplexing scheme (FDD). '

In TDD scheme, the signals transferred in uplink and downlink channels are
duplexed in different time periods in the same frequency band. The signals transferred
within the wireless network 15 share the same frequency spectrum. The channel
responses between the uplink and downlink channels of the telecommunication
network 15 are reciprocal.

Reciprocal means that if the downlink channel conditions are represented by a
downlink matrix, the uplink channel conditions can be expressed by an uplink matrix
which is the transpose of the downlink matrix.
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In FDD scheme, the signals transferred in uplink and downlink channels arc
duplexed in different frequency bands. - The spectrum -is- divided- into-different
frequency bands and the uplink and downlink signals are transmitted simultaneously.

‘The channel responses between the uplink and downlink channels of the

telecommunication network 15 are not perfectly reciprocal.

The second (elecommunication device 10 transfers simultaneously signals
representatives of at most N groups of data or pilot signals to the first
telecomrmunication devices 20; to 20x through the downlink channel and the first
telecommunication devices 20; to 20x transfer signals to the second -
telecommunication device 10 through the uplink channel.

‘The signals transferred by the first telecommunication devices 20; to 20g are
signals representatives of a group of data or pilot signals,

A group of data is as example a frame constituted at least by a header field and a
payload field which comprises classical data like data related to a phone call, or a-
video transfer and so on.

Pilot signals arc predetermined sequences of symbols known by the
telecommunication devices. Pilot signals are, as example and in a non limitative way,
Walsh Hadamard sequences. A

According to the first mode of realisation of the first telecommunication device
20, the pilot signals transferred by the first telecommunicalion devices 20 to 20x are
multiplied by a downlink linear transform. The transferred pilot signalé comptise then
channel state information.

According to the second mode of realisation of the first telecommunication

device 20, the pilot signals transferred by the first telecommunication devices 20, to

20k are mult1pl1ed by an uplink linear transform The transfened pilot signals
comprise then channel state information.

According to the third mode of realisation of the first telecommunication device
20, the channel state information is transferred into the form of bit information.

The second telecommunication device 10 has N antennas noted BSAntl o
BSAntN. The second telecommunication device 10 preferably controls the spatial
direction of the signals transferred to each first telecommunication devices 20, to 20k
according to the channel state information transferred by each first telecommumcanon
devices 20 as it will be disclosed hereinafter.
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More precisely, when the second telecommunication device 10 transmits signals
representatives of a group of data to a given first telecommunication device 20y
through the downlink channel, the signals are at most N times duplicated in order to
perform beamforming, i.e. controls the spatial direction of the transmitted si gnals.

The ellipse noted BF1 in the Fig. 1 shows the pattern of the radiated signals by
the antennas BSAnt1 to BSAniN which are transferred to the first telecommunication
device 20 by the second telecommunication device 10.

The ellipse noted BFK in the Fig. 1 shows the pattern of the radiated signals by
the antennas BSAnt1 to BSAntN which are transferred to the first telecommunication -
device 20x by the second telecommunication device 10.

The first telecommunication devices 20, to 20x have M, antennas noled
respectively MS1Ant1 to MS1AntM; and MSK Antl to MSKAntMy. It has to be noted
here that the number M, of antennas may vary according to each first
telecommunication device 20y with k=1 to X. Each first telecommunication device 20,
to 20x controls the spatial direction of the signals transferred to the second
telecommunication device 10 as it will be discloscd hereinafter.

Each first telecommunication device 20, to 20, controls the spatial direction of
the signals ransferred to the second telecommunication device 10 by M, times
duplicating the signals and weighting the duplicated signals by coefficients in order to
perform beamforming, i.e. controls the spatial direction of the transmitted signals.

The ellipse noted BF! in the Fig. 1 shows the pattern of the radiated signals by
the antennas MSI1Ant] to MSI1AntM; which are transferred by the ﬁrst
telecommunication device 20; to the second telecommunication device 10.

The elli pse noted BFK in the Fig. 1 shows the pattern of the radiated signals by
the antennas MSKAntl to MSKAntMg which are transferred by the first
telecommunication device 20k to the second telecommunication device 10.

According to the third mode of realisation of the first telecommunication device
20, each first telecommunication device 20; to 20, controls the spatial direction of the
signals received from the second telecommunication device 10 in order to perform
beamforming, i.e. controls the spatial direction of the received signals.

The second telecommunication device 10 determines, for each first
telecommunication device 20y, the number of information representative of the quality
of the signal transferred between the first and second telecommunication device each
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first telecommunication device 20¢ has to report as a the channel state information
between.

Each first telecommunication device 20, receives from the second
telecommunication device 10 a number of information representative of the quality of
the signals transferred between the first and second telecommunication devices the
first telecommunication device has to report as a channel state information. |

Fig. 2 is a diagram representing the architcctire of a first telecommunication
device according to the present invention.

The first telecommunication device 20, as example the first telecommunication -
device 20y ,with £ comprised between 1 and X, has, for example, an architecture based
on components connected together by a bus 201 and a processor 200 controlled by
programs related to the algorithm as disclosed in the Figs. 9 or 10 or 11. .

It has to be noted here that the first telecommunication device 20 is, in a variant,
impleménted under the form of one or severa! dedicated integrated circuits which -
execute the same operations as the one executed by the processor 200 as disclosed
hereinafter.

The bus 201 links the processor 200 to a read only memory ROM 202, 2 random
access memory RAM 203 and a channel interface 205.

The read only memory ROM 202 contains instructions of the programs related
to the algorithm as disclosed in the Figs. 9 or 10 or 11 which are transferred, when the
first telecommunication device 20y is powered on to the random access memory RAM
203,

The RAM memory 203 'contains registers intended to receive variables, and the
instructions of the programs related to the algorithm as disclosed in the Figs. 9 or 10
or 11. A '

The channel interface 205 enables the transfer and/or of the reception of signals
to and/or from the second telecommunication device 10.

The channel interface 205 will be described in detail in reference to the Fig. 3a,
Fig. 3b and Fig. 3c. '

Fig. 3a is a diagram representing the architecture of a channel interface
according to a first mode of realisation of the first telecommunication device.

According to the first mode of realisation of the first telecommunication device,
the channel interface 205 comprises a MIMO channel matrix estimation module 305.
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The MIMO channel matrix estimation module 305 receives the Mi*1 signals
X (P)=Hp ;s(p)+2,(p), where; -s(p)=ls,(p)ssy (D) - - are -—signals
representative of the p-th pilot symbol transferred by the second (elecommunication
device 10, z,(p) is the M*1 interference plus noise vector at the first
telecommunication device 20x and H,, , is the M*N downlink MIMO channel

mairix between the second telecommunication device 10 and first telecommunication
device 20. - : :

The MIMO channel matrix estimation module 305 estimates the matrix H DL

Fach element (m,n) with m=1 to M, and #»=1 to N of the matrix H pLi Tepresents
the complex propagation gain from the »-th antenna of the second telecommunication
device 10 and the m-th of the first telecommunication device 20,.

The channel interface 205 comprises a downlink linear transform module 310
which comprises means for executing a linear transformation of the signal vector
x,(p)using a m, * M, matrix V] . '

Then, the linear transform yields the m, *1 output vector :

x'(p)=Vpx(p) -

x'(py=Vy H prsS(P)+ 2, (pY where Vi = l"m,.l »o sV DL m, J and
2(pY=Vp2,(p).

The dimension of the downlink lineat transform matrix V), is defined according
to the number of information representative of the quality of the signals transferred
between the first and second telecommunication devices that the first
telecommunication device 20y has to report as a channel state information.

The downlink linear transform matrix ¥, is also defined, as it will be disclosed

hereinafter, so that lhe frst telecommunication device 20c has good channel
conditions at the output x'(p).

The downlink linear transform module 310 executes a linear transform on the
signals received by the first telecommunication device. The downlink linear transform
module 310 executes a linear transform on the m, pilot signals transferred by the first
telecommunication device 20y to the second telecommunication device 10 which
comptrise then a channel state information.

Preferably and in a non limitative way, the channel interface 205 comprises an

uplink direction control module 315 which controls the spatial direction of the signals
transferred to the second telecommunication device 10 by M, times duplicating the
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signals and weighting the duplicated signals by coefficients in order to perform
beamforming, i.¢. controls the spatial direction of the transmitted signals.

Fig. 3b is a diagram representing the architecture of a channel interface
according to a second mode of realisation of the first telecommunication device.

According to the second mode of realisation of the first telecommunication
device, the channe] interface 205 comprises a MIMO channel matrix estimation
module 320.

The MIMO channel matrix estimation module 320 estimates also the matrix
Hy,, , which is the N*M; uplink MIMO channel matrix between the frst

telecommunication device 20y and the second telecommunication device 10.
Each element (n,m) with m=1 to My and #=1 to N of the matrix H,, , represents

the complex propagation gain from the m-th antenna of the first telecommunication

-device 20y and the n-th of the second telecommunication device 10.

Preferably the matrix H,, isequal to H’ pr. where [.I" denotes the transpose
of [] .

The channel interface 205 comprises an uplink linear transform module 325
which comprises means for execcuting a linear transformation of m, signals

F(p)= [r'l (P)seres' o (p)]T into the M, x1 signal vector r(p) using the M, xm,
linear transformation matrix V', as r(p) =V, #(p)".

The dimension of the uplink linear transform matrix ¥, is defined according to

the number of information representative of the quality of the signals transferred
between the first and secomd telecommunication devices that the first
telecommunication device 20y has to report as a channel state information

' As 1t will be disclosed hereinafter, the uplink linear transform matrix ¥, is also
defined so that good channel conditions are maintained between the first
telecommunication device 20k and the second telecommunication device 10.

The uplink linear transform module 325 executes a linear transform on the
signals representative of groups of data transferred by the first telecommunication
device. The uplink linear transform module 305 executes a linear transform on the m,
pilot signals transferred by the first telecommunication device 20y to the second
telecommunication device 10 which comprisc then a channel state information.

Preferably and in a non limitative way, the channel interface 205 comprises an

uplink direction control module 335 which controls the spatial direction of the signals
transferred to the second telecommunication device 10 by M, times duplicating the
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signals and weighting the duplicated signals by coefficients in order to perform
beamforming, i.¢. controls the spatial ditection: of the transmitted signals.

Fig. 3¢ is a diagram representing the architecture of a channel interface
according to a third mode of realisation of the first telecommunication device.

According to the third mode of realisation of the first telecommunication device,
the channel inlerface 205 comprises a channel estimation module 340, 7

The second telecommunication device 10 transfers N pilot signals
s(p)= [sl( PaesS 5 ( p)]r using fixed N transmit beamforming based on the constant
N*1 different weights w,,...,w, . The first telecommurication device 20 receives a. .
Mi*1 signal vector x, (p) = H,, Ws(p)+2,(p) with W = [wj Wy |

The channel interface 205 comprises an downlink direction control module 345
which controls the spatial direction of the signals received from the second
telecommunication device 10. _

The downlink direction control module 345 performs a downlink beamforming -
for each signal 5, (D) sy (D).

The downlink direction control module 345 uses N weights v, with »=1 to N in
order to perform the downlink beamforming.

Preferably, the weight v,, for the n-th signal is given by a Minimum Mean
Squared Error (MMSE) weight v,, = ®a,

Do ' Py
where @ = ﬁlm—z.xk P)x, (p)7, a, = —I—Zxk (p)s, (), p, is the number of
Py 3 0 p=1

symbols of each pilot signal, [ ]H denotes the complex conjngate transpose and [ ]*
denotes the complex conjugate.
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E From the output of the downlink direction control module 345, the channel
[ estimation module 340 measures the downlink channel quality for each signal
[ $;(P)s-s 5y (p). Preferably and in a non limitative way, the downlink channel quality
[ 1s the Signal to Interference plus Noise Ratio 7. o ¥, determined respectively for
" each signal s5,(p) to s, (p).

E Preterably and in a non limitative way, the channel interface 205 comprises an

r uplink direction control module 350 which controls the spatial direction of the signals
[ transferred to the second telecommunication device 10 by M, times duplicating the

[ signals and weighting the duplicated signals by coefficients in order to perform

E beamforming, i.e. controls the spatial direction of the transmitted signals.

O
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Fig. 4 is a diagram representing the architecture of the second
telccommunication device according to the present invention.

The second telecommunication device 10, has, for example, an architecture
based on components connected together by a bus 401 and a processor 400 controlled
by programs related to the algorithm as disclosed in the Figs. 5to 8.

Il has 1o be noted here that the second telecommunication device 10 is, in a
variant, implemented under the form of one or several dedicated integrated circuits
which execute the same operations as the one executed by the processor 400 as
disclosed hereinafter.

The bus 401 links the processor 400 to a read only memory ROM 402, a random
access memory RAM 403 and a channel interface 405.

The read only memory ROM 402 contains instructions of the programs rclated
to the algorithm as disclosed in the Figs. 5 to 8 which are transferred, when the second
telecommunication 10 is powered onto the random access meniory RAM 403.

The RAM memory 403 contains registers intended 1o receive variables, and the
instructions of the programs related to the algorithm as disclosed in the Figs. 5to 8.

According to the present invention, the processor 400 determines, for each first
telecommunication device 20y, the number of information representative of the quality
of the signals transferred between the first and second telecommunication devices
each first telecommunication device 20k has to report as a channel state information

According to the present invention, the processor 400 is able to determinc, for
each first telecommunication device 20, to 20k, from the channel state information
transferred by each first telecommunication device 20, to 20k, the modulation and

wdmg scheme to be used by each first telecommunication device 20 for receiving

groups of data. The processor 400 is able to detennme to which first
telecommunication device 20, signals representative of a group of data have to be sent
according to the channel state information transferred by the first telecommunication
devices 20. The processor 400 determines for each first telecommunication device 20;
1o 20k, from the channel state information transferred by each first telecommunication
device 20y, the modulation and coding scheme to be used by ecach first
telecommunication device 20y for transferring groups of data or pilot signals and/or
determines which first telecommunication device 20 has to transfer signals
representative of a group of data to the second telecommunication devices 10,



L B e B |
L T e T e T e T e T e T e T e N e T e T e T e T e, T e T e, TR e, T e, T e T e T e T e T e T e T e T e T e B e Y e e R e T e T e T e T e T e Y e

O

(51) JP 2008-5506 A 2008.1.10

Preferably and in a non limitative way, the channel interface 405 comprises a
downlink dircction control module, not shown-in the Fig: 4;-which controls the-spatial
direction of the signals transferred to each first telecommunication devices 20; to 20¢ '
by N times duplicating the signals and weighting the duplicated signals by -
coefficients in order to perform beamforming, i.e. controls the spatial direction of the
transmitted signals. '

Fig. § is an algorithm execufcd by the second telecommunication device
according to a first mode of realisation of the second telecommunication device.

The present algorithm is executed each time a new first telecommunication -
device 20 is detected by the second telecommunication device 10 and/or periodically.

At step S500, the processor 400 of the second telecommunication device 10
receives from each first telecommunication device 20, to 20k, through the uplink
channel, information representative of the number of antennas each first
telecommunication device 20; to 20x has. At the same sfep, the processor 400
determines the number K of first telecommunication devices 20.

The processor 400 memorises the number of antennas M) to My and K in the
RAM memory 403.

At next step S501, the processor 400 initializes the value of the variables m, (1)
to my(K) to onc.

At next step 5502, the processor 400 selects a variable &’ with 1S A'< K.
Preferably, the processor 400 selects randomly k.

At next step 8503, the processor 400 checks whether or not the sum of the
variables s, (1) to m,(K) is lower than the total number C of available pilot signals,
the second telecommunication device 10 can use.

It has to be noted here that K < C .

If the sum of the variables m,(1) to m,(K) is equal to the total number C of

available pilot signals, the processor 400 moves to step $525.
If the sum of the variables m, (1) to m,(K) is lower than the total number C of

available pilot signals, the processor 400 moves to step S504.

At step 8504, the processor 400 sets the variable % to the value of the variable k.
At next step 5505, the processor 400 checks if the variable m, (k) is equal to

the number of antennas My of the first telecommunication device 20y.
If the variable m(k) is equal to the number of antcnnas My of the first

telecommunication device 20y, the processor 400 moves to step $507.
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If the variable m,(k) is not equal to the number of antcnnas M of the first

telccommunication device 20y, the processor 400 moves to step S506.

At step S506, the processor 400 increments the value of variable m,(k), as
example of one and moves to step S507.

At next step 8507, the processor 400 checks whether or not the sum of the
variables m, (1) to my(K) is lower than the total number C of available pilot signals,

the second telecommunication device 10 has.
If the sum of the variables m,(1) to m,(X) is equal to the total number C of

available pilot signals, the processor 400 moves to step §525.
If the sum of the variables s, (1) to m,(K) is lower than the total number C of

available pilot signals, the processor 400 moves to step S508.

At step S508, the processor 400 checks if the value of /& is equal to K. .

If the value of k is not equal to X, the processor 400 moves to step S509,
increments the value of variable & by one and returns to step §505.

If the value of k is equal to K, the processor 400 moves to step S515.

At step 8515, the processor 400 set the value of the variable & to one.

At next step S515, the processor 400 checks if the variable m (k) is equal to

the number of antcnnas My of the first telecommunication device 20
If the variable m (k) is equal to the number of antennas My of the first

telecommunication device 20y, the processor 400 moves Lo siep S518.
If the variable m,(k) is not equal to the number of antennas My of the first

telecommunication device 20, the processor 400 moves to step S517. |
At step 8517, the processor 400 increments the value of variable m,(k), as
example of one and moves to step S518.

At next step S518, the proccssor 400 checks whether or nof the sum of the
variables m (1) to m,(K) is lower than the total number C of available pilot signals,

the second telecommunication device 10 has. _
If the sum of the variables m (1) to m,(K) is equal to the total number C of

available pilot signals, the processor 400 moves to step §525. :

If the sum of the variables m,(1) to m,(K) is lower than the total number C of
available pilot signals, the processor 400 moves to step S519.

At step 8519, the processor 400 checks if the value of & is equal to £'-1.

If the value of £ is not equal to k-1, the processor 400 moves to step S520,
increments the value of variable k by one and returns to step S516.
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If the value of k is equal to k-1, the processor 400 returns to step S502.

At step' 8525, the processor “400 commrands -the transfer -fo - each first
telecommunication device 20, with k=1 to X of the corresponding value of the
variable mgy(k).

For each first telecommunication device 20y, the variable my (k) is the number

of information representative of the quality of the signals transferred between the first
and second telecommunication devices that the first telecommunication device 20 has
to report as a channel state information.

At next step $526, the processor 400 of the second telecommunication device 10 -
commands the transfer of pilot signals to at least a part of the first telecommunication
devices 20y, with 4=1 10 K. '

The processor 400 allocates then to each at least a part of the first
telecommunication device 20k, a number of pilot signals which is equal to m, (k).

At next step S527, the processor 400 detects the reception of the channel state
information transferred by at least a part of the first telecommunication devices 20.

The channel state information is received under the form of pilot signals or
under the form of bit information.

At next step S528, the processor 400 determines to which first
telecommunication device 20, with #=1 to K, group of data has to be transferred
according to the channel state information received from at least the part of the [irst
telecommunication devices 20. The processor 400 determines also the modulation and
coding scheme to be used by each first telecommunication device 20y for receiving
groups of data or for t:ransferrhlg‘ groups of data.

| Fig. 6 is an algorithm executed by the second ‘tele__communication device
according to a sccond mode of realisation.of the second telecommunication device.

The present algorithm is executed each time a new first telecommunication
device 20 is detected by the second telecommunication device 10 and/or periodically.

At step S600, the processor 400 of the second telecommunication device 10
receives from each first telecommunication device 20; to 20, through the uplink
channel, information representative of the number of antennas each first
telecommunication device 20; to 20x has and their respective requirement DR(X} in

term of data rate. At the same step, the processor 400 determines the number X of first
telecommunication devices 20. |
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The processor 400 memorises the number of antennas M; to Mg, the

requircments DR(1) to DR(K) in term of data rate and X in the RAM memory-403. -
At next step S601, the processor 400 initializes the value of the variables mz, (1)
to m,(K) to one.

At next step S602, the processor 400 forms a list which comprises the variables
my (k) which are lower than the corresponding M; .

At next step §603, the processor 400 checks if the formed list is empty or not.

If the list is empty, the processor 400 moves to step S607.

If the list is not empty, the processor 400 moves to step S604. .
At step 8604, the processor 400 selects in the list, the variable my(k) which

corresponds to the largesf value of DR(k)/ m (k).

At next step 5605, the processor 400 increments the value of the selected
variable m(k), as example of one and moves to step S606.

At next step 8606, the processor 400 checks whether or not the sum of the
variables m, (1) to m,(K) is lower than the total number C of available pilot signals,
the second telecommunication device 10 can usc, where K <C.

If the sum of the variables m,(1) to m,(K) is equal to the total number C of

available pilot signals, the processor 400 moves to step S607.
If the sum of the variables m, (1) to m,(K) is lower than the total number C of
available pilot signals, the processor 400 moves to step S602.

At step S607, the processor 400 commands the transfer to each first
telecommunication device 20, with k=1 to X of the comresponding value of the
variable m (k).

- For each first telecommunication device 20y, the variable m,(k) is the number

of information representative of the quality of the signals transferred between the first
and second telecommunication devices that the first telecommunication device 20, has
to report as a channel state information.

At next step §608, the processor 400 of the second telecommunication device 10
commands the transfer of pilot signals to at least a part of the first telecommunication
device 20y, with /=1 to X, ‘

The processor 400 allocates then to each at least a part of the first
telecommunication device 20k, a number of pilot signals which is equal to m, (k).

At next step 8609, the processor 400 detects the reception of the channel state
information transforred by at least a part of the first telecommunication devices 20.
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The channel state information is received under the form of pilot signals or
under the form-of bit information comprised in-a group of data, -

At next step S610, the processor 400 determines to which first
telecommunication device 20y, with k=1 to X, group of data has to he transferred
according to the channel state information réceived from at least the part of the first
telecommunication devices 20. _

The processor 400 determines also the modulation and coding scheme to be
used by edch first telecommunication device 20, for receiving groups of data or for
transierring groups of data. -

Fig. 7 is an algorithm executed by the second telecommunication device
according to a third mode of realisation of the second telecommunication device.

The present algorithm is executed each time a new first telecommunication
device 20 is detected by the second telecommunication device 10 and/or periodically.

At step S700, the processor 400 of the second telecommunication device 10
teceives from each first telecommunication device 20y to 20k, through the uplink
channel, information representative of thc number of antennas each frst
telecommunication device 20, to 20x has and their respective requirement DT, (%) in
term of response delay. At the same step. the processor 400 determines the number X
of first telecommunication devices 20.

The processor 400 memorises the number of antennas M; to My , the

requirements DT(1) to DT(X) in term of response delay and X in the RAM memory
403. .

At next step 8701, the processor 400 initializes the value of the variables m, (1)
to m,(K) toone.

At next step §702, the processor 400 forms a list which domprises the variables
m, (k) which are lower than the corresponding A4 .

At next step 8703, the processor 400 checks if the formed list is empty or not.

If the list is empty, the processor 400 moves to step $707.

[f the list is not empty, the processor 400 moves to step 3704.
At step S704, the processor 400 selects in the list, the variable m, (k) which

corresponds to the smallest value of DT (k) * m, (k).

At next step 8705, the processor 400 increments the value of the selected
variable m,(k), as example of one and moves to step S706.



L T e T e T T e T e T e O e T e T e O e T e T e O e, O e T e R e T e T e TR e T e T e T e T e T e T e T e T e T e B s N e T s T e T e T s T s T e T e B s B e

O

(56) JP 2008-5506 A 2008.1.10

At next step 8706, the processor 400 checks whether or not the sum of the
variables m,(1) to m,(K) is lower than the total number C of available pilot.signals,

the second telecommunication device 10 can use, where K < C.
- If the sum of the variables m,(1) to m,(K) is equal to the total number C of

available pilot signals, the processor 400 moves to step S707.

If the sum of the variables m,(1) to m,(K) is lower than the total number C of
available pilot signals, the processor 400 moves to step §702.

At step S707, the processor 400 commands the transfer to each first

telecommunication deviece 20y with &=1 to K of the comesponding value of the -
variable m (k).

For each first telecommunication device 20y, the variable my(k) is the number

of information representative of the quality of the signals transferred between the first
and second telecommunication devices that the first telecommunication device 20y has
to report as a channel state information. |

At next step S708, the processor 400 of the second telecommunication device 10
commands the transfer of pilot signals to at least a part of the first telecommunication
device 20, with k=1 to K

The processor 400 allocates then to each at least a part of the first
telecommunication device 20, a number of pilot signals which is equal to m, (k).

At next step 5709, the processor 400 detects the reception of the channel state
information transferred by at least a part of the first telecommunication devices 20.

The channel state information is received under the form of pilot signals or
under the form of bit information éomprised in a group of data. '

Al mext step S710, the processor 400 determines to which first

telecomﬁuunication device 20,, with 4=1 to K, group of data has to be transferred

“according to the channel state information received from at least the part of the first

telecommunication devices 20.

The processor 400 determines also the modulation and coding scheme to be
used by each first telecommunication device 20y for receiving groups of data or for
transferring groups of data.

Fig. 8 is an algorithm executed by the second telecommunicaiion device
according to a fourth mode of realisation of the second telecommunication device.

The present algorithm is executed each time a new first telecommunication
device 20 is detected by the second telecommunication device 10 and/or periodically.
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At step $800, the processor 400 of the second telecommunication device 10
receives from -each first telecommunication device 20; to- 20k, through -the- uplink
channel, information representative of the number of antennas each first
telecommumication device 20; to 20x has. At the same step, the processor 400
determines the number X of first telecommunication devices 20.

The processor 400 memorises the number of antennas M; to My and K in the
RAM memory 403. ‘

At next step S801, the processor 400 initializes the value of the variables m, (1)
to m,(K) to one.

At next step S802, the processor 400 forms a list which comprises the variables
m, (k) which are lower than the corresponding 4 .

At next step 8803, the processor 400 checks if the formed list is empty or not.

If the list is empty, the processor 400 moves to step S807.

If the list is not empty, the processor 400 moves to step S804, '
At step S804, the processor 400 selects in the list, the variable (k) which

cori'esponds to the largest value of M, /m, (k).

At next step S805, the processor 400 increments the value of the selected
variable m,(k), as example of one and moves to step S806.

Al next step S806, the processor 400 checks whether or not the sum of the
variables m,(1) to m (K) is lower than the total number C of available p110t signals,

the second telecommunication device 10 can use, where K £ C .
If the sum of the variables m,(1) to m,(K) is equal to the total number C of

available pilot signals, the processor 400 moves to step S807.
* Ifthe sum of the variables (1) to s, (K) is lower tha.n the total mnnbcr Cof

available pilot signals, the proccssor 400 moves to step S802.
' At step S807, the processor 400 commands the transfer to each first

telecommunication device 20, with #=1 toc K of the corresponding value of the
variable m (k).

For each first telecommunication device 20k, the variable m (k) is the number
of information representative of the quality of the signals transferred between the first
and second telecommunication devices that the first telecommunication device 20 has
to report as a channel state information.
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At next step S808, the processor 400 of the second telecommunication device 10
commands the transfer of p1lot signals to at least a part of the first telecomnmmication
device 20, with k=1 to K.

The processor 400 allocates then to each af least a part of the first
telecommunication device 20, a number of pilot signals which is equal to m, (k).

At next step S809, the processor 400 detects the reception of the channe! state
information transferred by at least a part of the first telecommunication devices 20.

The channel state information is received under the form of pilot signals or
under the form of bit information comprised in a group of data.

At next step S810, the processor 400 determines to which first
telecommunication device 20y, with k=1 (o X, grbup of data has to be transferred
according to the channel state information received from at least the part of the first
telecommunication devices 20,

The processor 400 determines also the modulation and coding scheme to be |
used by each first telecommunication device 20 for receiving groups of data or for
transferring groups of data. |

Is has to be noted here that the first, 'second, third and fourth modes of
realisation of the second telecommunication device are in 2 variant combined in order
to determine (k) according to the number of first telecommunication devices 20
and/or the number of antennas the first (elecommunication devices 20 have and/or
according to the requirements in term of data rate and or response delay.

By changing for each first telecommunication device, the number of information
representative of the quality of the signals transferred between the first and second
telecommunication devices the first telecommunication devwe has to report as a
channcl state information according to the number of first telecommunication devices
20 and/or the number of antennas the first telecommunication devices 20 have and/or
according to the requirements in term of data rate and or response delay for the
channel station information reporting, the available resources of the wireless
telecommunication network are efficien(ly used in any environment.

Fig. 9 is an algorithm executed by the first telecommunication device according
to the first mode of realisation of the fitst telecommunication device.

The present algorithm is executed by each first telecommunication device 20, to
20k, it will be disclosed when it is executed by the first telecommunication device 20
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AL slep 8900, the processor 200 of, as example, the first telecommunication
device 20y, detects the reccption through the channel interface 205 of a: group-of data
which comprises the variable m,(k) which is the number of information
representative of the quality of the signals transferred between the first and second
telecommunication devices that the first telecommunication device 20, has fo report as
a channel state information. 7

The variable m, (k) is either determined according to the first or second or third
or fourth modes of realisation of the second telecommunication device.

At step S901, the first telecommunication device 20k receives pilot signals
x,(p)=H, s(p)+z,(p) through the channel interface 205.

At next step 8902, the MIMO channel matrix estimation module 305 estimates
the matrix H,, , from the received pilot signals.

At next step S903, the processor 200 of the first telecommunication device 20
performs a singular value decomposition of H}, , = UAQ” , '

whete U = [t,...1y ] is the N*N unitary matrix, Q= |g,,.q,, | is the M* My
unitary  matrix, [ ]H denotes the complex conjugate t{ranspose and
A = diag[A, s Azsennd, | with AZw2A,20 is the N* M; diagonal matrix of
singular values with o = min{M N }

At next step S904, the processor 200 sclects the m, (k) largest singular-values.

As example, if the first telecommunication device 20k has three antennas, and the
received m, (k) equals to two, only the two largest singular-values are selected.

It has to be noted here that, the m, (k) singular-values are selected from the
downlink MIMO channel matrix H ,, , between the second telecommunication device
10 and the first telecommunication device 20y,

At next step S905 the processor 200 determines a downlink linear transform
mairix V), .

The first telecommunication device 20y determines ¥, as V,, = l‘l: ,...,q”m(.k)'l,
where lql yemes P ,,)_[ are the vectors which correspond to the selected singular-values.

The virtual downlink MIMO channel H,, , =V. H,, , is then expressed as
~ T r
Hp  =VpHp, = (H gL,kVDL) = [’1'1 " """a‘mﬂ(k)umﬂ(k)] . ‘

In a different form, Hj ,=UAQY can then be transformed into
Hp HY, = OAQ" where [ | denotes the complex conjugate. Here we have -

H :)L,kH 11;.’.‘!: = OA®
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* T a2
H DL,k'HDL,kqm - Amqm .

AS Gyl sy are the selected eigenvectors of Hy H sek» Vipis givewby: - -

V,, = le,(H peaH b ),...e,m,(k, (II P )], where e,{.) denotes the
eigenvector of () corresponding to the m-th largest eigenvalue.

It has to be noted here that, if the telecommunication system uses Time Division
Duplexing scheme, Hp, , = H,,,, the first telecommunication device 20, sends

m, (k) pilot signals #'(p) multiplied by the uplink linear transform matrix Voo -

As the received signal at the second telecommunication device 10 is represented
by xp(p)=Hy, Vy, r'(p)+ 2;5(p), the second telecommunication device 10 can

obtain (I, V) =VLH wefrom xgo(p), where Hyy, is the N*M; uplink

MIMO channel matrix between the first telecommunication device 20, and the second
tclccommunication device 10.
Each element (n,m) with m=1 to M and n=1 to N of the matrix H vL«. Tepresents

the complex propagation gain from the m-th antenna of the first telecommunication

device 20, and the n-th of the second telecommunication device 10.
At the same step, the processor 200 transfers the determined matrix ¥, to the

downlink linear transform module 310 which uses the determined matrix V,, for
executing a linear {ransformation of the signal vector x,(p)using the
my(k)* M, matrix V], .

At next step 8906, the processor 200 determines the channel state information
on the downlink channel considering x'(p). |

According to a particular feature of the present invention, the channel state
information is the m,(k)* N virtual downlink MIMO channel matrix &,

DLk
At next step S907, the processor 200 commands the transfer, to the second
telecommunication device 10), of the determined channel state information through the

uplink channel.
Preferably, the channel state information is reported by transferring my, (k) pilot

signals which are multiplied by the downlink linear transform matrix ¥, . As the
signals transferred by the first telecommunication device are also multiplied by the
propagation gains between the antennas of the telecommunication devices, ‘the

channel responses at the second telecommunication device 10 is given by
T
Hy, Vo =Vp H ULk )T-
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Therefore, the second telecommunication device 10 obtains the knowledge of
the virtual downlink MIMO channel - H 5, , = V5 H orx from the mm,(k)-veceived
pilot signals. '

It has to be noted here that, the channel state information can also be reported
under the form of information bits.

The processor 200 returns then to step S900. .

Fig. 10 is an algorithm executed by the first telecommunication device
according to the sccond mode of realisation of the first telecommunication device.

The present algorithm is executed by each first telecommunication device 20, to -
20, 1t will be disclosed when it is executed by the first telecommunication device 20. -

At step S100, the processor 200 of, as example, the first telecommunication
device 20, detects the reception through the channel interface 205 of a group of data
which comprises the variable m,(k) which is the number of information
representative of the quality of the signals transferred between the first and second
telecommunication devices that the first telecommunication device 20y has to report as
a channel state information.

The variable m (k) is either determined according to the first or second or third
ot fourth modes of realisation of the second telecommunication device. ,

At step S101, the first telecommunication device 20k receives pilot signals
x,(p)= Hp, ,s(p)+z,(p) through the channel interface 205.

At next step S102, the MIMO channel matrix estimation module 320 estimates
the upliok channel matrix H,, , .

In TDD scheme, H,, , =H},  as the channel responses between the uplink

and downlink channels of the telecommunication network 15 are reciprocal.

In FDD scheme, the channel responses between the uplink and downlink
channels of the telecommunication network 15 are not perfectly reciprocal. However,
since the uplink and the downlink channels have similar characteristics, especially for
channels having a large gain, H,, , = H, , can be considered also.

At next step 8103, the processor 200 of the first telecommunication device 20;
performs a singular value decomposition of H,,, = U,A,Q," where
U, = [um ,...u,_,N] is the N*N unitary matrix, Qp = [y sy | 15 the Mi* Mj unitary
matrix and A, = diag[Ay,s Ayy seees Ayg ) With Ayy 2 e 2 Ay, 2 0 is the N*M; diagonal
matrix of real singular-values with d = min{M,, N }

At next step 8104, the processor 200 selects the m (k) largest singular-values.
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It has to be noted also that, the m,(k) singular-values arc selected from the
uplink MIMO channel matrix H,, , betweenthe first telecommunication device 20,
and the second telecommunication device 10.

At next step S105 the processor 200 determines a linear transform matrix Vor-

The first  (elecommunication device 20,  determines Vi, as
Vo = I.‘lms---squ(k)]- ‘ _

The virtual uplink MIMO channel H orp = Hyy Vi 1s then expressed as

7 v = Hyp Vo, = [’1:11"1;1 svees Aoy Humagy ]T .

On the same way as the one disclosed for¥,, , ¥,, is given by:

Voo = [e, (H L’,’Lkﬂ ULk ),...emn( 0 (H L 4 ULk )L where e () denotes  the
cigenvector of () corresponding to the m-th largest eigenvalue. .

At next step §105, the processor 200 transfers the determined matrix V. to the
uplink linear transform module 325 which uses the determined matrix ¥, for
executing a linear transformation of the °  m,(k)signals

F(p)= [r'1 (p),...,r'mo(,‘) (p)]]r into the signal vector r(p) using the linear
transformation matrix ¥, as r(p) =V, r(p) .

At next step S107, the processor 200 commands the transfer, to the second
telecommunication.device 10, of the determined channel state information through the
uplink channel.

Preferably, the channel state information is reported by transferring m (k) pilot
signals composed of p, symbols r'(1),..r'(p,)to the second telecommunication

device 10 through the channel interface 205,
' The processor 200 returns then to step S100.

Fig. | 11 is an algorithm exccuted by the first felecoMunicatién device
according to the third mode of realisation of the first telecommunication device.

The present algorithm is executed by each first telecommunication device 20, to
20y, it will be disclosed when it is executed by the first telecommunication device 20y.

At step S110, the processor 200 of, as example, the first lelecommunication
device 20k, detects the reception through the channel interface 205 of a group of data
which comprises the variable m, (k) is the number of information representative of
the quality of the signals transterred between the first and second telecommunication

devices that the first telecommunication device 20k has to report as a channel state
information.
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The variable mz,(k) is cither determined according to the first or second or third

or fourth modes of realisation of the second telecommunication device.~ - -~ -

At step S111, the first telecommunication device 20k receives pilot signals
through the channel interface 205.

The second telecommunication device 10 transfers N pilot signals

s{(p)= [s,, () S p)]T using fixed N transmil beamforming based on the constant
N*1 different weights w, .., w,, .

The first telecommunication device 20y receives a M;*1 signal vecetor
X, (P)= H o Ws(p) + 2,(p) with W =[w, ., ].

The downlink direction control module 345 performs a downlink beamforming
for each signal s,(p)ye.ys v (p).
The downlink direction control module 345 uses N weights v w With =1 to Nin

order to perform the downlink beamforming. _
~ Preferably, the weight v,, for the -th signal is given by v,, = ®a,
1 & ’ 1 & .
where ®=-—23 x,(p)x,(p)", a, =—2 x,(p)s,(p)".
0 p=l 0 p=1

At next step 8112, the processor 200 commands the chamnel estimation module
340 of the channel interface 205 to transfer a downlink channel quality estimated for
each signal §,(P)y.Sy(p).

From the output of the downiink direction control module 345, the channel

estimation module 340 measures the downlink channel quality for each signal
§1(P}»- Sy (p). Preferably and in a non limitative way, the downlink channel quality

is the Signal to Interference plus Noise Ratio % to ¥, determined at the outputs
v,flxk (P)seees v, X, (p)respectively for each signal s,(p) to s,( p).

At next step S113, the processor 200 sclects the mi (k) largest Signal to
Interference plus Noisc Ratio among the N Signal to Interference plus Noise Ratio %
o ¥y-

At next step S114, the processor 200 commands the transfer, to the second
telecommunication device 10, of the selected m (k) largest Signal to Interference
plus Noise Ratio as a channel state information through the uplink channel.

Fig. 12 is an example of the channel state information transferred by a first

telecommunication device according to the third mode of realisation of the first
telecommunication device.
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The channel statc information is composed of the my(k), in the present éxample
m, (k) =3, largest Signal to Interference plus Noise Ratio represented by CQI(1) to

CQI(3) and the identifier ny to n3 of the beamformers which correspond to the selected
largest Signal to Tnterference plus Noise Ratio.

The channel state information is transferred in a group of data.

Many other techniques can be used also in the present invention. .

As example, the first telecommunication device 20y determines the propagation
gains between the antennas of the first and second telecommumication devices as it has
already been described.

The first telecommunication device 20 forms a downlink channel matrix
hl

H,,=| |, where h,, with m=1 to M, is a 1*N vector.

o

h

Mk

The first telecommunication device 20r forms, for each of the first
telecommunication device’s antenna, a group propagation gains and determines
among the groups, the ones which have the highest norm.

The first telecommunication device selects among the determined propagation
gains the group or groups which has or have the highest m, (k) norm, as the subset of

the determined propagation gains.
The first telecommunication device 20, selects m,y (k) antennas among its M,
antennas which have the m, (k) largest values |"m, among ”h1 ",...,"hm || .
For instance, the first telecommunication device 20k has 4 antennas, m,(k)=2
and [}, | and Ji,} are higher than |[#,] and [#,}.
The downlink linear transform matrix ¥,, is then equal to:
1 0
_|0 0
=g 11
U1

T hl
Yhen, Vy, Hy, , = al

3

Thus, the virtual MIMO downlink channel comprises only the highest
propagation gains ||k1 [I and ||I:3ﬂ.
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Naturally, many modifications can be made to the embodiments of the invention
described above without departing from the scope of the present invention.

Brief Description of Drawings

Fig. 1 is a diagram representing the architecture of the wireless network
according to the present invention ;

Tig. 2 is a diagram representing the architecture of a fust telecommunication
device according to the present invention;

Fig. 3a is a diagram representing the architecture of a channel interface
according to a first mode of realisation of the first telecommunication device;

Fig. 3b is a diagram representing the architectgre of a channel interface
according to a second mode of realisation of thc first telecommunication device;

Fig. 3¢ is a diagram representing the architecture of a channel interface
according to a third mode of realisation of the first telecommunication device;

Fig. 4 is a diagram representing the architecture of the second
telecommunication device according to the present invention;

Fig. 5 is an algorithm executed by the second telecommunication device
according to a first mode of realisation of the second telecommunication device;

Fig. 6 is an algorithm executed by the second telecommunication device
according to a second mode of realisation of the second telecommunication device;

Fig. 7 is an algorithm executed by the second teleédmﬁlunication device
according to a third mode of realisation of the second telecommunication device;

Fig. 8 is an algorithm executed by the second telecommunication device
according to a fourth mode of realisation of the second telecommunication device;

Fig. 9 1s an algorithm executed by the first telecommunication device according
to the first mode of realisation of the first telecommunication device; Q

Fig. 10 is an algorithm executed by the first telecommunication device
according to the second mode of realisation of the first telecommunication device;

Fig. 11 is an algorithm executed by the first telecommunication device -
according to the thitd mode of realisation of the first telecommunication device;

Fig. 12 is an example of the channel state information transferred by a first
telecommunication device according to the third mode of realisation of the first
telecommunication device.
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1. Method for controiling channel state information transferred by a first
telecommunication device fo a second telecommunication device, the first
telecommunication device determining information representative of the quality of the
signals transferred between the first and second telecommunication devices,
characterised in that the method comprises thc steps executed by the second
telecommunication device of

- determining a number of information representative of the quality of the -
signals transferred between the first and second telecommunication devices the first
telecommunication device has to report as a channel state information,

- transferring the determined number to the first telecommunication device.

2. Method according to claim 1, characterised in that the number of information
representative of the quality of the signals transferred between the first and second
telecommunication devices the first teleccommunication device has to report is lower
than the number of the determined information representative of the guality of the
signals transferred between the first and second telecommunication devices.

3. Method according to claim 2, characterised in that the method comprises
further step of allocating to the first telecommunication device a number of pilot
signals which is equal to the determined number.

4. Method according to any of the claims 1 to 3, characterised in that the method
comprises further step of ;

- receiving the channel state information from the first telecommunication
device,
- controlling the transfer of the signals representative of at least a group of data

between the first and the second telecommunication devices according to received the
channel state information.

5. Method according to claim 3 or 4, characterised in that the method comprises
further slep of determining the number of first telecommunication devices which are
linked to the second telecommunication device.
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6. Mcthod according to claim 5, characterised in that-the number-of information
representative of the quality of the signals transferred between the first and second
telecommunication devices the first telecommunication device has to report as a
channel state information is determined according to the number of first -
telecommunication devices which are linked to the second telecommunication device.

7. Method according to claim 5 or 6, characterised in that the method comprises
further step of receiving the number of antennas each first telecommunication device
comprises and in that the number of information representative of the quality of the
signals transferred between the first and second telecommunication devices each first
telecommunication device has to report as a channel state information is determined
according to the number of antennas the first telecommunication device comprises.

8. Method according to claim 3, characterised in that the method comprises
further step of receiving from cach first telecommunication device their respective
requirement in terms of data rate and in that the number of information representative

of the quality of the signals transferred between the first and second

telecommunication devices each first telecommunication device has to report as a

channel state information is determined according to the requirements in lerm of data
rate,

9. Method according to claim '5', characterised in that the method comprises
further slep of receiving from each first telecommunication deviqe their respective
requirement in terms of responsc delay and in that the number of information
representative of the quality of the signals transferred between the first and second
telecommunication devices each first telecommunication device has to report as a
channel state information is determined according to the requirements in terms of
response delay.

10. Method for transferring, by a first telecommunication device, channel state
information to a second telecommunication device, the first telecommmunication device
delermining information representative of the quality of the signals transferred
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between the first and second telecommunication devices, characterised in that the
mcthod comprises the stops executed by the first telecommuaication device of+ -

- receiving from the second telecommunication device a number of information
representative of the quality of the signals transferred between the first and second
telecommunication devices the first telecommunication device has to report as a
channei state information, _

- determining a channel state information which comprises the received number
of information representative of the quality of the signals transferred between the first
and second telecommunication devices,

- transferring the channel state information to the second telecommunication
device.

11. Method according to claim 10, characterised in that the first
telecommunication device comprises antennas and the second telecommunication
device comprises antennas and in that the information representative of the quality of
the signals transferred between the first and second telecommunication devices is the
propagation gain between one antenna of the first telecommunication devices and one
antenna of the second telecommunication device.

12. Method according to claim 11, characterised in that the propagations gains
are coefficients of a downlink channel matrix and the determined information
representative of the quality of the signals transferred between the first and second
telecommunication devices comprised 1n the channel state information are determined
by executing a singular value decomposition of the downlink channel matrix.

13. Method according to claim 12, characterised in that the propagations gains
are coefficients of an uplink channel matrix and the determined information
representative of the quality of the signals transferred between the first and second
telecommunication devices comprised in the channel state information are determined
by executing a singular value decomposition of the uplink channel matrix.

14. Method according to claim 10, characterised in that the first
telecommunication device comprises antennas and in that the channel state
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information is representative of the Signal to Interference plus Noise Ratio measured
on signals received by the antennas of the first telecommunication device.

15. Device for controlling channel state information transferred by a first
telecommunication device to a second telecommunication device, the first
telecommunication device determining information representative of the quality of the
signals transferred between the first and second telecommunication devices,
characterised in that the device for controlling is included in the second
telecommunication device and comprises :

- means for determining a number of information representative of the quality of
the signals transferred between the first and second telecommunication devices the
first telecommunication device has to report as 2 channel state information,

- means for transferring the determined number to the first telecommunication
device.

16. First tclecommunication device which transfers channel state information to
a second telecommunication device, the first telecommunication device determining
information representative of the quality of the signals transferred between the first
and second telecommunication devices, characterised in that the first
telecommunication device comprises :

- means for receiving from the second telecommunication device a number of
information representative of the quality of the signals transferred between the first
and second telecommunication devices the first telecommumcatlon device has to
report as a channel state information,

- means for dctérmining a channel state information which comprises the
received number of information tepresentative of the quality of the signals transferred
between the first and second telecommunication devices,

- means for transferring the channel state information to the second
telecommunication device.

17. Computer program which can be directly loaded into a programmable
device, comprising instructions or portions of code for implementing the steps of the

method according to claims 1 to 9, when said computer program is executed on a
programmable device.
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18. Computer program which' can -be -directly -loaded into ~a "programmable
device, comprising instructions or portions of code for implementing the steps of the
method according to claims 10 to 14, when said computer program is executed on a
programmable device. |

19. Signal transferred to a second tclecommunication device from a first
telecommunication device, characterised in that the signal comprises a numbet of
information representative of the quality of the signals transferred between the first
and second telecommunication devices, the second telecommunication device has to
report as a channel state information to the first telecommunication device.

ABSTRACT

The present invention concerns a method for controlling channel state
information transferred by a first telecommunication device to a second
teleccommunication  device, the firsi (elecommunication device determining
information representative of the quality of the signals transforred between the first
and second telecommunication devices. The method comprises the steps executed by
the second telecommunication device of ;

- determining a number of information representative of the quality’ of the
51gnals transferred between the first and second telecommmunication devices the [rst
telecommunication device has to report as a channel state information,

- transferring the determined number to the first telecommunication device.

Representative Drawing

Fig. 1
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