JP 2004-509552 A 2004.3.25

(19) BFREREHFT (JP) 22 | F 4 |A) ()L EARES
153 2004-509552
(P2004-5095524)
(49 A%EB  FR165£3H 250 (2004.3.25)
(51) Int.CL." Fl F—va—F (B%)
HO4J) 15/00 HO4 1 15/00 51065
HO3M 13/41 HO3M 13/41 5K014
HO4L 1/00 HO4 L 1/00 B 5K022
HO4Q 7/38 HO4B 7/26 109G 5KO067
SEETX FEX FESEER S (& 143 H)
(2l HEES $5FE2002-528915 (P2002-528915) |(71) HEEA 502387706
(86) (22) HERE TR I359A5H (2001.9.5)
(85) BIRRCiRHH ERE1S5FE3H 198 (2003.3.19)
(86) B HEES PCT/US2001/027574
B7) EERLHES ¥02002/025820
(87 EEAMB TR 14435 280 (2002.3.28)
(B1) BEIETESE  60/233,870
(32) & H ERE1259H 208 (2000. 9. 20)
(32) BRETER  RE (US)
(1) BEETFESE  09/923, 709
(32) @5 TR I358H TH (2001.8.7)
(32) BRETER  RE US)

K—L—A— AT LA - AT A—
Yary -FTrYE-ILZbhnowr A
FhA - AFITL—¥ay - fra—R
L—Fw K
BAE SYSTEMS INFORMA
TION AND ELECTRONIC
SYSTEMS INTEGRATIO
N INCORPORATED
TAVLHERE —a2—nr7¥+—i{0
3061-0868 a7, ¥—. F
Hwr22 868, A¥v - Fiw
Z-u—FK, 65
110000028
IR ETHE AR E RS B AT
BAIEICHR S

—_—

(74) (REBA

64) [READEM] RAEEEZEHERLC2HYEOI—¥h s ORMEF2WREE T2 HE

GNHOOO0O
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
O

0Doooooo

USERT
T

255 cHannet T

ASSIGN A SINGLE
"CHANNEL" {OR TOMA
TIME SLOT AT A GIVEN
FREQUENCY)

USER 2
CELL TOWER, 20

10 MULTIPLE 25| aso on cHANNELY
SIMULTANEQUS USERS

USERK —
_—— BASE STATION, 18
—
HH SORT OUT INTERFERENCE WITH
=")  ALSO ON CHANNEL1 SIGNAL PROCESSING IN RECEIVER

B/




e R ey [ s R s [y |

e e e e e e e e s |

OoOOooooo40ooooooo400UoooDooooo oD oo oDoDoUU oo oDoDoooUoDoDooogogooao
e e e e e e e e e e s ) e Y Y I Y

Ooo0oooooQgoao
Ooo0oooogoQgoao

O Oooo
OO oo
O 0ooo
O 0Oooo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O
O

OoOoooooOooo o0 oo oooo0o oo oo ooo o0 oD oD oo oo oo oooog

oo ooooooQgodg

Oo0oooooooooooooo0ooooooogoooao

O Ooooo
O Ooooo
O 0OoOooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoao

O 0OooOgooo
O Ooogoo
[ Y
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooogoo
O Oooo

O
O
O
O
O
O

O
O
O
O
O
O

O
O
O
O
O
O

O Ooooo
O Ooooo

O
O

O
O
O
O
O
O

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

O
O
O
O
O
O

O
O
O
O
O
O

O Oooo
O Oooo
OO oo
O 0ooo
O 0Oooo
O Oooo

O
O
O
O
O
O

O
O
OJ
O
O
O

OO oo
O 0ooo
O Oooo
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 Ooogo

O O0ooo

O 0Oooo
O 0Oooo
O Oooo
O 0Oooo
O 0O oo
O 0Oooo
O 0Oooo
O Oooo
OO oo
O 0Ooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O 0Ooo
O 0Oooo
O

O
O
O
O
O
O
O
O
O
OJ
O
O

(2)

O

JP 2004-509552 A 2004.

O
O
[
O
O
O
O
(]
O
O
O

O
O
OJ
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O

O
O

O
O

O
O

.25

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

OOo0o0ooooU0UoooDooDoUUUoDoDooooUogooooao
OooooocoooooooooooDooooooooooaoo
OoOooooooo0ooDooooooDoDoooooooooaoo

O oOooo
O 0Oooo

OO0 0o ooogogU0oooDoooggogoooood
OOo0oooooooooooooooooood
Oo0oooooooooDoooooooooodg
Ooooooooooooooaoo

Oo0oooooogogdg

O Ooo0oooo
O Oooo
OO oo
O 0ooo
O 0Oooo
O Oooo

OO0 ooOoDoooo0oooDoDooo oo 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

OOoooooogd
OOooooogd

OOoo0ooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
O Ooooo
O Ooooo
O OooOooo

[ |

OO0 oooooogogg

O
O
O
O

O0Ooo0oo0ooao

[ |

OO0Oo0oo0oo0ooao
OOoo0ooooao
O 0Ooogoo
O Ooogoo
O O0OoQgogog
O 0Oo0ooo
O 0Ooo0ooo
O 0Ooogooo
O Ooogoo
O OooQgoaog
O 0Oo0oo0oo
O 0Ooo0ooo
O 0Ooo0gooo
O Ooogoo
O Ooogoog
O O0OoQgogog
O 0Ooo0ooo
O 0Ooooo
O 0Ooogoo
O Ooogoog
O O0Oogogaog
O 0Ooo0gooo
O 0Ooo0ooo
O 0OooOooo
O Ooogoog
I [ Y
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0gooo
O Ooogoo
I [ Y

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

O O0ooo

O O0ooo

O
O
O
O
O
O
O
O
O
O
O

O Oooo

O Oooo

O Ooogo

)

O 0ooo

O O0ooo

O O0ooo

O Oooo

O Oooo

O

O o0ood

O O0ooo

O Oooo

JP 2004-509552 A 2004.

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

O
O

O
O

O
O

O Oooo

.25

O Ooogo

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

Ooooooo4oooDoooogooooao
Oo0o0oooogog4UoooDoDooo4Qgooooao
Ooooooooooooooogoooooao
OoooooooooDoooooooooao

OO0 00O ooo4o0oDoDoooo oo ooDoDooogooooodg
e e e e e e s s e
OO0 o0oooOoooo0ooDoooo o ooDoooooooooofdg
I s e e s A

O 0Ooogooog
[ Y |
OO ogogog
I [y |
I [y |
[ |
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ |
[ Y |
OO ogogog
I [y
I [ |
I [ |
O 0OoogogooQg
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ I |
O Ooogogoog
OO ogogog
O 0oo0oogoo
Iy |
I [ |
O Ooogogoog
O O ogogog
I [ |
I [y |
I s [ |
O OoogogooQg
OO ogogog

Oooooooogogogogoao
Oooooooogogog
OO0 ooooogogg
OoOooooooogogodg
Oooooooogoogog
OooooooogoQgog
Ooooooogogog
OO0 ooooogogg
OoOooooooogogod
OooooooogooQgdg
OooooooogoQgog
Oooooooogogog
OOoooooogogg
OoOooooooogooOod
OooooooogooQgodg

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

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

O
O
O
O
O

O
O
O
O
O

OO0 ooooooQgooo
OO0 oooooogogooao
OO0 oDooooogogogoao

O Ooooo
O Ooooo
O OoOgooo
O Ooo0ooOoo
O Ooo0ooOoo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooo

Ooooooooogooao
OooooooogoQgooao
OoooooogogoQgooao
Ooooooogogogooao
Oo0Dooooggogooao
OoooooooQgooao
Oooooooogoogooao
OoooooogoQgooao
Ooooooogoogooao
Oo0oooooggogooao
OoooooooogoOooOoao
Ooooooooogooao
OoooooogogoQgooao
OoooooogoQgooao
Oooooooggooao
OO0 ooooggogoao
Ooooooooogooao
OoooooogooQogooao
OoooooogoQgooao
OoooooogQgooao
OO0 oooooggogogoao
Ooooooooogooao
Oooooooogoogooao
OoooooogoQgooao
OoooooogogQgooao
Oo0Doooooggogooao
Ooooooooogooao
OooooooogoQgooao
OoooooogogQgooao
OoooooogogQgooao
Oo0oooogogogooao

O O0ooo

O Oooo

O Oooo

O Ooogo

(4)

O 0ooo

O O0ooo

OooooooogoQgdg
OooooooogoQgg
OoooooogoQgg
OO0 ooooogogdg
OooooooogoQgodg
OooooooogoQgdg
OooooooogoQgg
OoooooogoQgg
OO0 ooooogogg
OoooooooQgodg
OooooooogoQgdg
OooooooogoQgg
OoooooogoQgg
OO0 oooooggg
OoooooooQgdg
OooooooogoQgodg
OooooooogoQgg
OooooooogoQgg
Oooooooggg

O O0ooo

O Oooo

O Oooo

]

]

O o0ood

O O0ooo

O Oooo

JP 2004-509552 A 2004.

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

O Oooo

.25

O Ooogo

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo

OoOoo0ooood
OOoo0oooao
O 0Oo0oooaog
O0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O 0Oo0oooao
O 0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao

OoOoo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood
Ooo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood
OoOoo0oood
OoOoo0ooood
OO0oOo0oooogod
O0Ooo0Oo0oood
Ooo0Ooo0o0oood
Oo0o0o0ooood
OOoo0ooood
OO0O0Oo0oooogod
OO0Oo0oooogod
O0Ooo0o0oood
Oo0oo0ooood
OoOoo0ooood
OoOoo0oooogod
OO0Oo0oooogod
O0Ooo0o0oood
Oo0oo0oood
OoOoo0ooood
OoOoo0ooood
OO0Oo0oooogd
O0Ooo0Oo0oood
OoOoo0ooood
OoOoo0ooood

O Ooo0oooo
O Oooooao
O Oo0oooao
O 0Oo0ooO0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao

O Ooooo
O Ooooo

OOoo0ooood
O0Ooo0ooood
OO0Oo0ooood
O0Ooo0o0oood
OOoo0oood
OOoo0oooodg
OOoo0ooood
OO0Oo0ooood
O0Ooo0Oo0oo0ood
OoOoo0oood
OOoo0ooood
OOoo0ooood
O0Oo0oooodg
O0Oo0Oo0oo0ooad
OoOoo0o0oood
OOoo0ooood
OOoo0ooood
O0Ooo0oooogod
OO0Oo0ooood
O0Ooo0o0oood
OOoo0oood
OOoo0oooodg
OO0Ooo0ooood
OO0Oo0ooood
O0Ooo0o0oood
OOoo0ooood
OOoo0ooood
O0Ooo0ooood
O0Oo0ooood

O Ooooo
O Ooooo
O 0OoOooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O
O
O
O
[

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

O 0Ooogo

O 0Oooo

O 0Oooo

O Oooo

O Ooogogoog
OO ogogog
I [ |
I [y |
I [ |
[ Y |
OO ogogog
I [y
I [ |
I [ |
O 0OoogogooQg
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ I |
O Ooogogoog
OO ogogog
O 0oo0oogoo
Iy |
I [ |
O Ooogogoog

O Oooo

O Ooogoo

O 0ooo

O 0Ooo
O 0Oooo
O 0Oooo
O Oooo
O 0Oooo
O 0O oo
O 0Oooo
O 0Oooo
O Oooo
OO oo
O 0Ooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O 0Ooo
O 0Oooo
O Oooo
O Oooo
O Oooo

O 0Oooo

O Oooo

O Oooo

O Oooo

()

O 0oo o

O 0Oooo

O Oooo

O OooOooo
O OooOooo
O O o0goaog
O Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O O oOgooao
O Ooo0oono
O Ooo0ooo
O Ooooo
O Ooooo
O Oogoo
O Ooo0ooo
O Ooo0ooOoo
O Ooooo
O OooOooo
O O0OoOgoo

O Oooo

O Oooo

O Oood

O 0Oooo

O Oooo

JP 2004-509552 A 2004.3.

O Oooo

O Oooo

O 0Ooogo

O 0ooo

O Oooo

O Oooo

O Oooo

0

uo

O Oooooo
O Ooo0oooao

uo

25

0

gooooao

googano

oooooao
oooooao

O Oooo

O 0ooo
O 0Oooo

O 0Oo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooo
O Ooo0oooo
O O0Oo0gooao

O Oooo
O Oooo

O Oooo

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

I e e e e R A Iy

OO0 ooooooQgogooo
OO0 oooooogogogooo
OO0 oDooDooogogogoao
Ooo0ooooooogogooao
oo ooooooQgogooo
OO0 ooooooQgogooo
OO0 oooooogogooo
OO0 oooDooogogogoao
OoooooooogoOooao

O O0ooo

Oooooooog
X OoOoogooooao
OO0 ooooodg
Oooooood
Ooooooood
Oooooooodg
Ooooooodg
OOoooooogodg
Ooooooood
Ooooooood
Oooooooodg
Ooooooodg
OOo0oooood
OoOooOoooood
Ooooooood

O0Ooo0oooo
OOoo0oooao
O 0Oo0oooaog
O0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O 0Oo0oooao
O 0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
OOoo0oooo
O0Ooo0oooao
O0Oo0Oo0ooao
O0Ooo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
OOoo0oooao
O0Oo0Oooo
O0Ooo0oo0ooao

O 0Ooogooog
[ Y |
OO ogogog
I [y |
I [y |
[ |
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ |
[ Y |
OO ogogog
I [y
I [ |
I [ |
O 0OoogogooQg

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

O
O

O
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 Ooogooo
O O0Oo0gogo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O Ooogooo
O O0Oogoog
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O Ooooo
O Ooogoao
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O OooOooo
O Ooogoo
O O0OoOgoogog
O O0Ooo0ooOoo

OOoo0oo0oooao
OOoo0ooooao
OOoo0ooooao
O Ooo0ooooao
OO0Oo0oo0oo0ooao
OOoo0oo0oo0ooao
OOoo0ooooao
OOoo0ooooao
O Ooo0ooooao
O 0O0o0OooOoooao

O Oooo

O Oooo

~
o
~

(]
O

Oo0o0o0ooood
OOoo0ooood
OO0O0Oo0oooogod
OO0Oo0oooogod
O0Ooo0o0oood
Oo0oo0ooood
OoOoo0ooood
OoOoo0oooogod
OO0Oo0oooogod
O0Ooo0o0oood
Oo0oo0oood
OoOoo0ooood
OoOoo0ooood
OO0Oo0oooogd
O0Ooo0Oo0oood
OoOoo0ooood
OoOoo0ooood
OOoo0ooood
OoOooooog X

O
O

O Oooo
OO oo
O 0Oooo
O 0Oooo
O oOooo
O Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo

|

|

O

O
O
O
O
OJ
O
O

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

JP 2004-509552 A 2004.

O Ooo0ooo
O Ooooo
O Ooooo
O Oogoo
O Ooo0ooo
O Ooo0ooOoo
O Ooooo
O OooOooo
O O0OoOgoo

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

I e e e e R A Iy

OO0 oooooogoQgoooo
OO0 oooooogoggQgoooo
OO0 oo oDooogoggQgoooao
Oo0ooooooogogoooao
oo oooooogogoooo
oo ooooooQgoooo
OO0 oo oooogogQgoooo
OO0 oo oDooggQgogoooao
Oo0ooooooogoooao
OO0 oooooogogoooao
OO0 ooooooQgoooo
OO0 oooooogoQgoooo
OO0 oooDooggQgoooao
Oo0ooooooogoOoooOoao
Oo0oooooogoooao
oo ooooooQgoooo
OO0 oooooogoQgoooo
OO0 oooDooogoggoooo
OO0 oo oDooogogdgQgoooao
Oooooooogogoooao
OO0 ooooooQgoooo
OO0 ooooooQgoooo
OO0 oooooogoggQgoooo
OO0 oo oDoooggQgogoooao
Oooooooogogoooao
oo ooooooQgoooo
oo oooooogoQgoooo
OO0 oooooogoggQgoooo
OO0 oo oDooogoggQgogoooao
Oo0ooooooogoooao
oo oooooogoooo
oo oooooogoQgoooo
OO0 oooooogoggQgoooo
OO0 oooDooogoggogoooao

O 0OooOgooo
O Ooogoo
[ Y
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooogoo
O Ooogoo
O O0OoQgogog
O 0Oo0ooo
O 0Ooo0ooo
O 0Ooogooo
O Ooogoo
O OooQgoaog
O 0Oo0oo0oo

OOoo0ooooao
O0Ooo0ooooao
O O0Oo0ooooao
OO0Oo0oo0oo0ooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
O 0Oo0ooooao
OO0Oo0oo0oooao
OO0Oo0oo0oooao
OOoo0ooooao
OO0Ooo0ooooao
O O0Oo0ooooao
OO0Oo0oo0oo0ooao
O0Ooo0oo0oooao

O0Ooo0oooo
OOoo0oooao
O 0Oo0oooaog
O0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O 0Oo0oooao
O 0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
OOoo0oooo
O0Ooo0oooao
O0Oo0Oo0ooao
O0Ooo0oo0ooao
O0Ooo0oooao

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

O Ooooo
O Ooooo
O 0OoOooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoao
O 0Ooo0ooao

O 0Oooo
O Oooo
O 0Oooo
O 0O oo
O 0Oooo
O 0Oooo
O Oooo
OO oo
O 0Ooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O 0Ooo
O 0Oooo
O Oooo
O Oooo
O Oooo

O
O

O
O

€]

O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0ooo
O 0Oooo
O oOooo
O Oooo
O 0Ooo
O 0Oooo
O oOooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo

0O O
O O

O0Ooo0oooao
OOoo0oooo
O0Ooo0oooao
O0Oo0Oo0ooao
O0Ooo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
OOoo0oooao
O0Oo0Oooo
O0Ooo0oo0ooao
O0Ooo0oo0ooao
OOoo0oooao
O0Ooo0oooao
O0Oo0oooaog
O0Ooo0oo0ooao
O0Ooo0oooao
OOoo0oooaoo
O0Ooo0oooao
O0Oo0oooao

O
O
O
OJ
O
O

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

O

JP 2004-509552 A 2004.

ugboobooaooboodoboad

O Ooooo
O Ooooo
O O oOgooao
O Ooo0oono
O Ooo0ooo
O Ooooo
O Ooooo
O Oogoo
O Ooo0ooo
O Ooo0ooOoo
O Ooooo
O OooOooo
O O0OoOgoo

.25

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

O Ooo0oooo
O Oooooao
O Oo0oooao
O 0Oo0ooO0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oooao
O Ooo0oooao
O Ooo0oooo
O Ooo0oooao

O Ooooo
O Ooooo
O OooOooo
O 0Ooo0ooo
O 0Ooo0ooo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O Ooooo
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

O
O
O
O
O
O
O

O OooOooo
O Ooooo
O O0OoOgooo
O Ooo0ooOoo
O Ooo0ooOoo
O Ooooo
O Ooooo
O OoOgoo
O Ooo0ooo
O Ooo0oono
O Ooooo
O Ooooo

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

O
O
OJ
O
O
O
O
O
O
O
O
O
O

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

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

O Ooooo
O Ooooo
O OooOooo
O 0Ooo0ooo
O 0Ooo0ooo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo

OoooooogooQgogoog
Oooooooggogog
OoooDoooggogog
OOoo0ooooooOooOod
OooooooogoogooQg
Ooooooogogogogoo-g
Ooooooogogogoog
Oooooooggogdg
OOoo0ooooogooOod
OoooooooogooQg
OooooooQgogo-g
OoooooogogogogooQg
Oooooooggogog
OOoo0ooooooOod
OoooooooogooQgoQg

O
O
OJ
O
O
O
O
O
O
O
O
O
O

I [ [
O 0o 0o o
O 0o oOoo
O 0o oo
O Oooo
O O oo
I ) [
O 0o oOoo
O Ooogoo
O Oooo
O O oo
O O g o
O 0o oOoo
O 0o oo
O Ooogoo
I [ [y
I Y o [
O OO o
O 0o oo
O 0o oo
I [ [
I Y [

(8)

I [y
I [ |
I [ |
O 0OoogogooQg
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ I |
O Ooogogoog
OO ogogog
O 0oo0oogoo
Iy |
I [ |
O Ooogogoog
O O ogogog
I [ |
I [y |
I s [ |
O OoogogooQg
OO ogogog

O O
O O

O
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
OJ
O
O
O
O
OJ
O
O
O
O
O

O Oooo

OooooooogQg™g
OoooooogoQgdg
Ooooooggdg
O0o0Dooooogogdg
OooooooogoQgdg
OooooooogQgdg
OoooooogoQgdg
OooooogQgg
OO0 oooogogg
OooooooogoQgdg
OooooooogoQgdg
OooooooogoQgdg
OoooooogQgdg
OOoooooggdg
OooooooogoQgadg
OooooooogQgdg
OoooooogoQgdg
OoooooogQgdg
Ooooooggdg

O Oooo

O Oooo

O Oooo

O O O Oood

O

O Oood

[

O 0Oooo

O 0Oooo

O Oooo

O Oooo

JP 2004-509552 A 2004.

O Oooo

O Oooo

O Oooo

O Oooo

O 0Ooogo

O 0Ooogo

O 0ooo

O 0ooo

O Oooo

O Oooo

O Oooo

O Oooo

O Oooo

O Oooo

O Oooo

O Oooo

O 0ooo

O 0ooo

O 0Oooo

O 0Oooo

O Oooo

O Oooo

O Oooo

O Oooo

O Oooo

O Oooo

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

Oo0oooogoQgg

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O
O

O Ooooo
O Ooooo
O OooOooo
O 0Ooo0ooo
O 0Ooo0ooo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O 0OoOooo
O 0Ooo0ooao
O Ooooo
O Ooooo
O Ooooo
O O0OoOgooo
O 0Ooo0ooOoo
O Ooooo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O OooOooo
O Ooooo

O 0Ooo0oooo
O Ooo0oooao
O O0Oo0gooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooo
O Ooo0oooo
O O0Oo0gooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooo
O Ooo0oooo
O Ooo0gooo
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O Ooo0oooo
O Ooo0oooo
O Ooo0oooao
O O0Oo0gooao
O 0Ooo0ooOooao
O 0Ooo0oooao

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

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O
O

O 0Ooogooog
[ Y |
OO ogogog
I [y |
I [y |
[ |
O Ooogogoog
OO ogogog
I [ |
I [y |
I [ |
[ Y |

O
O
O
O

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

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O
O

O Oooo
O Oooo
OO oo
O 0ooo
O Oooo
O Oooo
O Oooo
OO oo
O 0Ooo
O 0Oooo
O 0Oooo
O Oooo
O 0Oooo
O 0O oo
O 0Oooo
O 0Oooo
O Oooo
OO oo
O 0Ooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O 0Ooo
O 0Oooo
O Oooo

Oooooogogdg

Ooooooggdg

OooOoooooQdgdg

Ooo0oooogoQgdg

OoooooogoQgog

Oo0oooogoQgdg

Ooooooggdg

OooOoo0ooooQgadg

Ooo0oooogoQgdg

Oo0oooogQgdg

Ooo0oooogoQgdg

OO oo
O 0o o
O 0Oooo
O O0ooo
O 0Oooo
O Oooo
OO oo
O 0Oooo
O 0Oooo
O oOooo
O Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo

Oooooogogdg

OooOoo0oooodgadg

OoooooogoQgdg

Oo0oooogQgdg

OoooooogoQgg

Ooooooggg

|

OoOoooogoood

OooooooQgdg

Oo0oooogoQgdg

JP 2004-509552 A 2004.

O
O
[
O
O
O
O
(]
O
O
O

O Ooooo
O Ooooo
O 0OoOooo
O 0Ooo0ooOoao
O 0Ooo0ooo
O oOoooo
O 0Ooooo
O 0OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O 0Ooooo

O O
[ |
O O
O O
O O
O O
O O
O O
O O
O O
O O

OooooogQgog
Ooooooggdg
Oo0oooogogdg
Ooooooodgdg
Ooo0oooogoQgg
OooooogQgg
OooooogoQgdg
Oooooogogdg
OooOooooodgadg
OoooooogoQgdg
OoooooogQgdg

O
O

O
O

Oo0oooogoQgdg

.25

O Oooo

Ooooooggdg

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

Ooooocooooooooogooooao

Ooo0ooood
OoOoo0oooogod
OOo0o0oooogod
OooOoo0ooood
OooOoo0oood
Ooo0ooood
Ooo0oooogod
OoOoo0oooogod
Ooo0Ooo0oood
OooOoo0ooood
Ooo0ooood
OoOoo0oooogod
OoOoo0oooogod
Ooo0Ooo0Oooood
OooOoo0oood
Ooo0oood
OoOoo0ooood
OoOoo0oooogod
OOo0o0oooogod
OooOoo0ooood
OooOoo0oood
OoOoo0ooood
OoOoo0oooogod
OOo0o0oooogod
OoOoo0ooood
Ooo0o0o0oood
OoOoo0ooood
OoOoo0oooogod
OoOoo0oooogod
OooOoo0ooood
OooOoo0oood
OoOoo0ooood
OoOoo0oooogod
OoOoo0oooogod

Ooooooooooooooooooodg

Ooooooooooooogodg
OoooDooogoooooogd
OO0 ooDoogoooooogd
Ooo0ooooooooood
Ooooooooooooaoo
Oooooooogooooaoo
OoooooogogQgooooao
OO0 ooDoogog4Qgooooaog
OOo0oo0ooooooOoooooao
Ooooooooooooaoo
OoooooooQogooooao
OooooooQgooooao
OO0 ooDooogog4Qgooooaog
OOo0oo0ooooOoooooab-o
Ooooooooooooao
Oooooooogooooaoo
OooooooQgooooao
OO0 ooDooogog4Qgooooaog
OO0 o0oDooogog4Qgooooao
OOoo0oooooOoooooao
Oooooooogooooaoo
OoooooooQogooooao
OoooDooogog4Qgooooaog
OO0 o0oDooogog4Qgooooao
OOo0oo0oooooooooao
OoooooooOoooooaoo
OoooooooQogooooao
OoooooogQgooooaog
OO0 ooDooogog4Qgooooaog
OOo0oo0ooooOogooooaoo
Ooooooooooooaoo
OoooooooQogooooaoo
OooooooQgooooao
OO0 oDoDoogog4Qgooooaog

OooooooogogoQg

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

O 0Ooogooog
[ Y |
OO ogogog
I [y |

O0Ooo0oooo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O
O
O
O
OJ

Ooo0oooogQgoo
OooooogQgoao
OoooogQgogao
Oooo0ooogoao
Ooo0oooogoQgoo
Ooo0oooogogQgoao
Oo0oooogQgoo
Oooooggogao
Oooo0ooogoo
Ooo0ooooogooQgoo
OoooooogogQgoo
Oo0oooogQgoo
Ooooooggoao
OooOoo0ooooogogoo
Ooo0ooooogoQgoao
OoooooogoQgoo
OoooooogogQgoao
Oooooggoao
Oo0oooogoQgogao
OoooooogoQgoao
Ooo0oooogooQgoo
Oo0oooogogQgoao
OooooogQgoao
Oo0ooogogogao
OooooooQgoao
Ooo0oooogoogoo
Ooo0oooogogQgoo
Oo0oooogQgoao
Oooooggogao

O0Ooo0oooao

O 0Oo0oooao

O0Oo0oo0oo0oao

O O0ooo
O 0Oooo
O Oooo
O Oooo
O 0Ooo
O O0ooo
O 0Oooo
O 0Oooo
OO oo
O 0o o
O 0Oooo
O O0ooo
O 0Oooo
O Oooo
OO oo

O0Ooo0oooao

O0Ooo0oooo

O0Ooo0oooao

O0Ooo0Ooooog

O0Oo0oo0oo0oao

O0Ooo0oo0ooao

OOoo0oooao

O0Ooo0oooo

O 0Oo0oooao

(10)

O 0Oo0oo0oo0oao

O0Ooo0oo0oo0oao

O0Ooo0oooao

O0Ooo0oooo

O0Ooo0oooao

OoOoo0oo0ogano

O0Oo0oo0oo0oao

O0Ooo0oooao

JP 2004-509552 A 2004.

uod

O

O0Ooo0oooo

O

O0Ooo0oooao

0

O 0Oo0oooog

ugoooaooboadd

O

O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooooo
O OooOgooo
O Oogoo
O 0Ooo0ooOoo
O 0Ooo0ooOoo
O Ooo0ooo
O Ooogooo
O O0Oogoo

O

O

O

O

O

OoOoo0oooood
Ooo0oooogod
Oooooooogdg
Ooooooogd
OOoooooogd

O

.25

10

20

30

40

50



I s e e e s I [ A A

Oooooooooooov

e e e e e e e e e sy |

e e e e ey e e e e e e e ) e s s [ [ |

o e A e e s e s [ |

O oo ooooooQgoogo

oo o0ooooooo0 oo oD ooo o o0 oD oD o oo o0oo0o oo oo o oo ooooofg

e [ ey e e e s [y |

O
O
O
O
O
O
O
O
O
]
O

O oOooo
O oOooo
O 0Ooo
O 0Oooo
O oOooo
O oOooo
O oOooo
O Oooo
O 0Oooo
O o0Oooo
O oOooo

OoooooogogoaoQg
OooooogogoQg
Oooooogogdg
Ooooooooogoad
OooooooQogoQgQd
OoooooogogoaoQg
OooooogogoaoQg
Oooooogogodg
OoOooooooogoad
Oooo0oooOgooQgaQg
OoooooogogooQg

OOoo0ooooaog
OOoo0ooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooaog
OOoooooaog

O 0Ooo0oooao
O OooQgooao
O O0OoQgooao
O 0Oo0oo0ooao

Ooo0oooogogQgoo

O oOooo®

O
O
O
O
O

O
O
O
O
O
O
O

O
O
OJ
O
O
O
O
O
O

O 0o oo

OooooogQgogao
Ooo0oooooQgoao
Ooo0ooooQgoo

O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O Ooooo
O 0Oo0ooOoo
O 0Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O 0OoOooo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo
O 0Ooo0ooOoo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo
O 0Oo0ooOoo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo

Ooooooogd
Oooo0oogd
Oooooogd

I o

O o0oogogg

SO oo0oogodg
OoOoo0ooooao
OOoo0ooooao
OOoo0ooooaog
OOoooooaog
OO0Oo0oo0oo0ooao
OoOoo0oo0oooao
OOoo0ooooao
OOoo0ooooaog
OOoooooaog

O 0o o0oo

OoOoooooogod
Oooooooogd

O o0oogho

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

Ooooooodg
OOo0oooood
OoOooOoooood
Ooooooood
Oooooooodg
Oooooooog
OOooooood
OO0 oooood
Ooooooood
Oooooooodg
Ooooooodg
Ooooooodg
OO0 oooood
Ooooooood
Oooooooodg
Oooooooodg
Ooooooodg
OO0 ooooodg
Ooooooood
Oooooooodg
Oooooooodg
Ooooooodg
OO0 oooood

O Ooogoo

OOooo0Ooogd
OoOooOoo0oood
OoOooooogd
OooooOooogd
OooooOooogdg
Oooo0Ooogd
Oooo0oogd

(11)

O
(]

]

O O0OoOgogoao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooo
O Ooogooao
O O0Oo0gooao
O 0Oo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooogoooao
O O0OoQgooao
O 0Oo0ooOooao
O 0Ooo0oooao

|

OoOooo0oooogod
OooooOooogd
OooooOooogd
OOoooOoogd
Oooo0Ooogd

OO oO0ooOod

JP 2004-509552 A 2004.

uod

O

O

0

gooaooaoan

O

O 0O O

O

OooooOooogod
OoooOooogd

OO oOood

O O o

Oooo0Ooogd
OoOooo0ooood
Oooo0ooooogod

O OoOoos

[ B I

O
O

O OO

L o R I
O O0OoOgooao

OoooOooogd
OoooOoogd

.25

10

20

30

40

50



Oooooooo0oooooooooooogogogoogoaoQg

OoOooooooo0oo oo oooo0o oo oDooooooooov

e e e e e e ) e e s e Y I
e e e e ey e e e ) e st s e Y I
e R s e e ey e s e ) e st s e Y Y I Y
Ooooooooo0 oo ooooo00oooDoDooo o0 oo oDooooo0o oo oDoooo0oooDooooogooooao

e e e e e e o

Oooooogdg

O
O
OJ
O
O

Ooooooooooooood

OoooooogooQgogoog
Oooooooggogog
OoooDoooggogog
OOoo0ooooooOooOod
OooooooogoogooQg
Ooooooogogogogoo-g
Ooooooogogogoog
Oooooooggogdg
OOoo0ooooogooOod
OoooooooogooQg
OooooooQgogo-g
OoooooogogogogooQg
Oooooooggogog
OOoo0ooooooOod
OoooooooogooQgoQg
OooooooogogooQg
Ooooooogogogoog
Ooooooogoggogg
OO0 oooooggogog
OoooooooogooQgod
OooooooQgogooQg
OoooooogoogogooQg
OooooooggogoQg
OO0 oooooggogdg
OoooooooogooOgoQg
OoooooooQgoogoaoQg
OoooooogogogooQg
Ooooooogoggogog
Oooooooggogog
OOoo0ooooQgooOo-g
OoooooooQgoogoQg
Ooooooogogogdg
OoooooogogogogooQg
Oooooooggogog

OOoo0oood
O0Ooo0oooo
OOoooooogd

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

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

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

O Ooooo
O Ooooo
O 0OoOooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoo
O 0Ooo0ooao
O 0Ooooo
O oOoooo
O Ooooo
O 0OoOooo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O Ooooo
O 0OoOooo
O 0Ooo0ooOoao
O 0Ooo0ooo
O oOoooo
O 0Ooooo
O 0OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O 0Ooooo

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

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

O
O
O

O

Ooooooggdg

O 0Oo0oooaog

(=

Oooooogogdg

OooOoo0ooooogod
Oooooooogod
OoOooooogd
OO0ooooogd

O
O
O
O
O
O
O
O
O
O

OO0 oOoooOooao
OooooooQgodg

OoooooQgdg

Oooooogoogdg

OO0Oo0ooooao
OO0Oo0oo0oooao
OO0o0o0oo0oooao
Oo0o0o0ooooao
OOoOo0ooooao
O O0Oo0ooooao
OO0Oo0oo0oooao
OOoo0ooooao
O0O0o0ooooao
O0OoOo0ooooo
O O0Oo0ooooao
O 0O00OoOoooao
OOoo0oo0oooao
OO0O0o0ooooao
OOo0o0ooooao
OO0oOo0ooooao
O O0O0o0ooooao
OO0O0oo0oo0oooao
OOo0o0ooooao
OO0o0Oo0ooooao
OO0Oo0ooooao
O O0Oo0ooooao
OO0Oo0oo0oooao
OOo0o0ooooao
OOo0o0ooooao
OO0O0Oo0ooooao
O O0Oo0ooooao

OOooooogogdg

OooOoo0ooooQgodg

OooooooQgodg

OoooooQgdg

OooooogooQgdg

Oooooogogdg

(12)

O O
O O

O O
O O

0O O
[ |

OooOoo0ooooOgoadg
Oooo0oooQgdg

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

O
O
O
OJ
O
O
O
O
[
O
O
O
O
(]

O
O
O
O

O
O
O
OJ

O
O
O
OJ
O
O
O
O
[
O
O
O
O
(]
O
O
O

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

OooooooQgdg

OooooogooQgdg

OoOooooogogdg

Oooooogoood

OooooooQgdg

OoooooooQgdg

JP 2004-509552 A 2004.

Ooooooogdg

Oooooogogogdg

Oooooogoogdg

OooOoooooOodg

OooooooQgdg

OooooooQgdg

Oooooogoogdg

Oo0oooogogdg

OooOoooooOodg

Oooo0oooQgdg

OoooooQgdg

O Oooo
O Oooo

Oooooogogogdg

.25

Oooooogoogdg

10

20

30

40

50



L s [ e e s I R

OO oo00oooooooooooooo0 oo oo oooo0 oo oDoDooooooDooooggo-g

O 0Oooo
O 0Oooo

O 0Oooo
O Oooo
OO oo
O 0ooo
O 0Oooo

I s e e e s s e e e e s ) e [ A Y I

O
O

O
O

O 0Oooo

e e e e e s e e e e s ) e [ A Y I
A [ [ [ [ ) e e e [ A [ Ay

Oooooo0oo0oDoooooo0o0 oo oooo oD oo oDooooUoDoooDoDoooo0oDoDoooogogoooao

O Ooo0ooo
O Ooogooo
O O0Oo0gogo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O Ooogooo
O O0Oogoog
O 0Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo

O Ooooo
O Ooooo
O OoOgooo
O Ooo0ooOoo
O Ooo0ooOoo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooo
O Ooo0ooOoo
O Ooo0ooo
O Ooooo
O OoOooo
O O0Oo0ooOoo
O Ooo0ooo
O Ooo0ooo
O Ooooo
O Ooooo
O OoOgooo
O Ooo0ooo

OOoo0ooooaog
OOoo0ooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooaog
OOoooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooao
OOoooooaog
OO0Ooo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0oo0oooao
OoOoo0ooooao
OOoo0ooooog
OOoo0ooooaog
OO0Oo0ooooaog
OoOoo0oo0oooao
OoOoo0ooooao
OOoooooaogo
OOoooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooog
OOoo0ooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooao
OOoooooog

O
O
O
O
O
O

O
O
O
O
O
O

O oOooo
O Oooo
O 0Ooo
O 0ooo
O O0ooo
O 0Oooo
O Oooo
O Oooo
O 0Ooo
O O0ooo
O 0Oooo
O 0Oooo
OO oo
O 0o o
O 0Oooo
O O0ooo
O 0Oooo
O Oooo
OO oo
O 0Oooo
O 0Oooo
O oOooo
O Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo

O Oooo
O Oooo
OO oo
O 0ooo
O Oooo
O Oooo
O Oooo
OO oo
O 0Ooo
O 0Oooo
O 0Oooo
O Oooo
O 0Oooo
O 0O oo
O 0Oooo
O 0Oooo
O Oooo
OO oo
O 0Ooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo

O 0Ooo0oooao
O Ooo0oooao
O O0Oo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao

O 0Oo0ooo
O 0Oo0ooOoo
O 0Ooo0ooao
O 0Ooo0ooo
O 0Ooooo
O 0Oooo
O 0Oo0ooOoo
O 0Ooo0ooOoo
O 0Oo0ooo
O 0Ooo0ooo
O 0Oooo
O 0O o0ooo
O 0Oo0ooOoao
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooooo
O 0Oo0ooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooo0ooo
O 0Ooooo
O 0Oo0ooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooo0ooo
O 0Ooooo
O 0Oo0ooo

O oOooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo

(13)

|

]

O Oooo

JP 2004-509552 A 2004.

O Oooo

O Oooo

O 0O oo

O O0ooo

O O0ooo

O Oooo

O Oooo

O
O
O
O
O
O
O

O
O
O
(]
O
O
O

O O oo

O O0ooo

O O0ooo

O 0Oooo

O Oooo

.25

O Ooogo

O O0OoQgooao

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

O Ooooo
O Ooooo
O OoOgooo
O Ooo0ooOoo
O Ooo0ooOoo
O Ooooo
O Ooooo
O OooOooo
O 0Oo0ooo
O Ooo0ooOoo
O Ooo0ooo
O Ooooo
O OoOooo
O O0Oo0ooOoo
O Ooo0ooo
O Ooo0ooo
O Ooooo
O Ooooo
O OoOgooo
O Ooo0ooo
O Ooooo
O Ooooo
O OooOooo

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

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O
O
O
O
[
O

O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O

Ooooooooogoogoao
Oooooooogogoao
OOoDooooogogogao
Oooooooooogoao
Ooooooooogoogoo
Oooooooogogogoo
Oooooooogogoao
OoDooooogogogao
OooooooooogooOoo
Ooooooooogoogoao
Oooooooogogogoo
Oooooooogogoao
Oooooooogogoao
OooooooooogooOoao

Oo0oooogoQgg

O 0OooOgooo
O Ooogoo
[ Y
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooogoo
O Ooogoo
O O0OoQgogog
O 0Oo0ooo
O 0Ooo0ooo
O 0Ooogooo
O Ooogoo
O OooQgoaog
O 0Oo0oo0oo
O 0Ooo0ooo
O 0Ooo0gooo
O Ooogoo
O Ooogoog
O O0OoQgogog
O 0Ooo0ooo
O 0Ooooo

Oooooogogdg

Ooooooggdg

OooOoooooQdgdg

Ooo0oooogoQgdg

OoooooogoQgog

OOoooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooao
OOoooooaog
OO0Ooo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0oo0oooao
OoOoo0ooooao
OOoo0ooooog
OOoo0ooooaog
OO0Oo0ooooaog
OoOoo0oo0oooao
OoOoo0ooooao
OOoooooaogo
OOoooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooog
OOoo0ooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao
OoOoo0ooooao
OOoo0ooooao
OOoooooog
OOoo0ooooaog

(14)

O
(]

Oooooooooogodg
oo ooooooogodg
OO0 ooooooogdg
OO0 ooooooogdg
oo oo ooooogdg
Oooooooooogodg
oo ooooooogog
oo ooooooogodg
OO0 ooooooogdg
OO0 ooooooogdg
Oooooooooogodg
oo ooooooogodg
oo ooooooogg
OO0 ooooooogdg
OO0 ooooooogdg
Oooooooooodg
oo ooooooogodg
oo ooooooogodg
OO0 ooooooogdg
OO0 ooooooogdg

|

|

JP 2004-509552 A 2004.

uod

O

O oOooo
O Oooo
O 0Ooo
O 0Oooo
O oOooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo

O

0

O 0O oo

ugoooaooboadd

O

O O0ooo

O

O O0ooo

O
O
O
O
O

O

O Oooo

O

O Oooo

O

O O oo

O

O O0ooo

O

O O0ooo

O 0Oooo

O Oooo

.25

O Ooogo

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

OoooooooQooooao

O Ooooo
O Ooooo
O 0OoOooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoo

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

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

O
O
O
O
O
O
O
O
O

Ooooooooogogog
OOooooooogoQgg
OO0 oooooogogg
OoOooooooooOodg
OoooooooogogoQgog
OoooooooogoQgog
Oooooooogogg
OO0 oooooogogg
OoOoooooooOod
OoooooooQgog
Ooooooooogogg
Oooooooogogg
OO0 oooooogogg
OOoooooooOod

OOoo0ooooaog
OOoo0ooooaog
OO0Oo0ooooaog
O0Ooo0oo0oo0ooao

O
O
O
O

OooooooQgogoooao

OO0 ooDooogoQgogooao

Ooo0oooooOooOooOooao

OoooooooQooooao

O 0Ooo0oooao
O 0Ooo0oooao
O Ooogooao
O OooQgooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooo
O Ooogooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooo
O 0Ooo0oooao
O Ooogooao
O O0OoOgogoao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooo
O Ooogooao
O O0Oo0gooao
O 0Oo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooogoooao
O O0OoQgooao
O 0Oo0ooOooao
O 0Ooo0oooao
O 0Ooo0oooo
O oOooQgoooao
O O0OoQgooao

OoooooooQgoooao

OoooooogoQgoooao

OO0 ooooogogQgogooao

Ooo0oooooooogooOgoo
OooooooooQgoogoo
Oo0oooooogogogogooQg
Oo0oooooogogogoQg
OO0 ooooooggogog
OooooooooOooOood
OooooooooQgoogoao
OoooooooogogQgogooQg
Oo0oooooogogogogooQg
OO0 ooooooggogoQg
OO0 oooDoooggogdg
OooooooooQgoogoo
OO0 ooooooQgogooQg
Oo0oooooogogogogooQg
Oo0ooooooggogoQg
OO0 oooDoooggogodg
OooooooooOgoogod
OooooooooQgogooQo
Oo0oooooogogQgogooQg
Oo0ooooooggogooQg
OO0 ooooooggogog
Ooo0oooooooogoogood
OooooooooQgogogooQo
Oo0oooooogogogogoo-g
oo oooooogoggogooQg
OO0 ooooooggogodg

~
[EnN
a1
~

O 0Oooo
O 0Oooo
O Oooo
OO oo
O 0Ooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O 0Oooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O 0Ooo
O 0Oooo
O Oooo
O Oooo
O Oooo

0O O
[ |

Ooooooooodg
oo ooooooQgdg
oo ooooogooQgg
Ooooooogogdg
OO0 ooooogoogdg
Ooooooooodg
oo ooooooQgodg
Ooo0oooooogg
Ooooooogogg
OO0 ooooogogg
Ooooooooodg
oo oooooQgdg
oo ooooogooQgodg
OO0 ooooogoogdg
OO0 ooooogogg
OoooooooOodg
Ooooooooodg
oo ooooogooQgodg
oo ooooogogdg
OO0 ooooogggdg

O O

O

JP 2004-509552 A 2004.

N
()]

10

20

30

40

50



e R ey [ s R s [y |

e e e e e e e e s |

e e [ e e e e s e s s [ [ |

e e A s e e e e e s [ |

Oooooooo0 o0 oo oooo0 oo oDooo o0 oo oDo oo o0 oo oDooo0oo0 oo ooooooDoDoooQgooQgaoo

e [ ey e [ s [y [ |

O Ooooo
O Ooooo
O 0OoOooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoao
O 0Ooo0ooao
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Oo0ooOoo
O 0Ooo0ooao
O 0Ooooo
O oOoooo
O Ooooo
O 0OoOooo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O Ooooo
O 0OoOooo
O 0Ooo0ooOoao
O 0Ooo0ooo
O oOoooo
O 0Ooooo
O 0OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo
O 0Ooooo
O Ooooo
O 0Ooooo

OoOoo0ooood
OO0oo0ooood
OO0Oo0oo0ooogod
O0Ooo0Oo0oood
Ooo0oo0oood
Ooo0ooood
OO0oo0ooood

Oooooooog
Ooooooodg
OO0 ooooodg
Oooooood
Ooooooood
Oooooooodg
Ooooooodg
OOoooooogodg
Ooooooood
Ooooooood
Oooooooodg
Ooooooodg
OOo0oooood
OoOooOoooood
Ooooooood
Oooooooodg
Oooooooog
OOooooood
OO0 oooood

O0Ooo0oooo
OOoo0oooao
O 0Oo0oooaog
O0Oo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao

OoooooogogoaoQg
OooooogogoQg
Oooooogogdg
Ooooooooogoad
OooooooQogoQgQd
OoooooogogoaoQg
OooooogogoaoQg
Oooooogogodg
OoOooooooogoad
Oooo0oooOgooQgaQg
OoooooogogooQg
OooooogogaoQg
Oooooogogodg
OoOooooooOoand
OooooooQgoQgad
OooooooQgogoQg
OooooogogaoQg
Oooooogogog
OO0 ooooogogdg
OooooooOogao
OooooooQgoQgaog
OooooogoQgaoQg
OooooogogaoQg
Oooooogogodg
Oooooooogoogod
OoooooooQgoQgQd
OooooogogaoQg
OooooogogaoQg
Oooooogogog

Oooooooogogoog
Oooooooogogog
OO0 ooooogogg
OoOooooooogogodg
Oooooooogoogog
OooooooogoQgog
Ooooooogogog
OO0 ooooogogg
OoOooooooogogod
OooooooogooQgdg
OooooooogoQgog
Oooooooogogog
OOoooooogogg
OoOooooooogooOod
OooooooogooQgodg
Oooooooogogodg
Oooooooogogog
OOoooooogogg
OO0 ooooogogog
OoooooooogoQgdg
OooooooogoQgg
Oooooooogogog
Oooooooogogg
OO0 ooooogogg
OOooooooogoQgodg
OooooooogogoQgg
OooooooogoQgog
Ooooooogogog

O Ooooo
O OoOgoo
O Ooo0ooo
O Ooo0oono
O Ooooo
O Ooooo
O OoOgoo
O O0Ooo0ooo
O Ooo0ooOono
O Ooo0ooo
O OooOooo
O OooOooo
O O o0goaog
O Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O O oOgooao
O Ooo0oono
O Ooo0ooo
O Ooooo
O Ooooo
O Oogoo
O Ooo0ooo
O Ooo0ooOoo
O Ooooo
O OooOooo
O O0OoOgoo

O Ooo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oooao
O Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O O0Oo0oo0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O 0Oo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O Oo0oooo
O 0Ooo0oo0oo0oao
O 0Ooo0ooOooao
O Ooo0oooo
O Ooo0oooao
O Oo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oo0ooao
O Ooo0oooao
O Oooooo
O Ooo0oooao

(16)

O0Ooo0o0oood
Oo0oo0ooood
OoOoo0ooood
OoOoo0oooogod
OO0Oo0oooogod
O0Ooo0o0oood
Oo0oo0oood
OoOoo0ooood
OoOoo0ooood
OO0Oo0oooogd
O0Ooo0Oo0oood
OoOoo0ooood
OoOoo0ooood
OOoo0ooood
O0O0Oo0oooogod

JP 2004-509552 A 2004.

OO0 oooooggg
OoooooooQgdg
OooooooogoQgodg
OooooooogoQgg
OooooooogoQgg
Oooooooggg

Ooooooood
Oooooooodg
Oooooooodg
Ooooooodg
OO0 oooood

10

20

30

40

50



Oooooooodg
Oooooooodg
OOo0ooooodg
OO0 ooooodg
Ooooooood
OOoo0oood
O Ooooo
O Ooooo
O 0OooOooo
O O0oo0ooOoo
O 0Ooooo
O Ooooo
O Ooooo
O 0OooOooo
O 0Oo0ooOoo
O 0Ooo0ooo

O

e

L

[
[Mud_demud.m

[

an

JP 2004-509552 A 2004.3.25

gboooboobobbooboobooboobooobooobdd
oooooooboooocooooooooobooobood
gooobooboobooboboboobooboobono
gboooboobobooboobooobooboooad

oo

[tunctiun mud_demed (paranflag, demof1ag, nbit, mud_demod)
bmud Zo7Fars Ak, MUDFPNITUXLAEERET S,

g oood
ugoaoadg
ogooao
gooad

oo
goaoad
oooao
gooad
ugoaoadg

goooano

Oooooooo oo oooooooDoooogogoooao

O Oooo

O

O

[
O
0

O

uo

oooooan
oooooan

oooooooooooooooooooboooooooooooboooooooao
ooooooobOoOoOOoOO0oOooooooooooOooooooDodo

O

U
O
0

O
OJ
O
O
O
O
OJ
O
O
O
O
O

O

L]
O
0]

O

0
O
O

O 0Oooo

O

u
O
a

O

u
O
g

O Ooogo

O

u
O
g

O 0Oooo

O

u
O
a

O

u
O
g

O

U
O
g

ugboooboboboobooboooooboooboaoadao
ooooooooOooocooooooobDboooboo
goooobooooobaoao
ugboobooooboobooboouobooboodd
ooooooooao

T EEOEAHTIFI-TRHEOV—A2— FERRTS :
[ SEEINF LS :

gooooboooobooao

oooooooooao
oooooooooao

gooooand

goooaoand

O O
[

ooooao

gooao gooogobooaoan

O
O

uobooobooboobooboad

gooooboooodgd

oooooano
ooogogao

O O

U0 oobooooboooobooobooooobooboobad
ooooooooooooooooooooao

googbad

O
ooooooobooooogod

ooooooooooooooooooboooboooooooooboDoao
goooobooboogobooobobooboboobobobogobooboboobobno
gboboobooooooado
oooooooao

gbooobooooboooobooobooboband

oooooooooooao
ooooooobooooogon

uboooboobooboobad

uobooobooboobooboao

10

20

30

40



(18)

]
% HA

(% demodOutDataid. BEVNEREMY > TNOLT UL ALK estZHT2d

(DTHD.
[
(if nargin (1 % A—HHREELTWAEWES, dencflaghd 0 28T,
[ paramflag=0;
demoflag =1;
nbit = inf;
mud_demod=1;
elseif nargin ( 2 % 2—FHEELTHEWES, dencflagid 0 KRE.
demoflag =1;
nbit=inf;
mud_demod=1;
elseif nargin ( 3 % Z—FHEEL TWENWESE, denoflagid 0IZRRE
nbit=inf;
mud_demod=1;
lelseif nargin ( 4 % Z—FHREELTHZVEE, denoflaght 0 BT
[ mud_demod=1;
lend
[
(demoflag
[paramflag
(nbit
[mud_demod
[
% #IHRE
[global batchMode baseFileName
[system_constants_init; % O—rULSAF ABRENE
[
(if isempty(batchMode)
[ batchMode=0;
rend
(WFilePath=pwd;
ed ..
(1f existCoutputFiles’)?=7
mkdir C outputFiles’);

C
L
t
L
L
{
L
C
C

[
[end
[cd outpuiFiles;
[outPath=pwd;
L
oooooad
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(19)

% EENFGA-F I 7T NOO—F
(if batchMode?=1
[ ?filename, pathname?=uigetfile( #_estParams.mat’,’ Select an Estimated
(Parameter File’);

baseFileName=strtok(filename,” ") ;

cd(pathname) ;

filename=sprintf %s¥s_estParams.mat’ , pathname, baseFileName) ;
else

it exist(baseFileName)?=7

mkdir(baseFileName) ;

end

cd (baseFileName) ;

pathname=?pwd * ¥ ?;

[
[
[
[
[
[
[
[
[
L% AT A-FREEAEEET 0BG

: filename=sprintf %s¥s_estParams.mat’ , pathname, baseFileName) ;

[end

[

% BRIy LoDk

(sigfilename=sprintf( %s_dChOut.mat’, baseFileName);

(load(sigfilename,” dChOutData’);

(if mbit 9= inf

[ dChOutData=dChOutData(l:nbit#4); % FNwH iz

lend

[L = wmax(size(dChOutData));

led (wFilePath);

(?bitinfo, tau_est,A_est,K_est, sidx, signal_delay, T, TSC, unbias_tau?=premud(
[filename,L, paranflag);

%

g
(% echo

[T
[TSC
pnbias_tau

C
gooogooad
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(20)

% BOFMADEDIZT Ty 7 A eR@ (bitinfoldXZEET8E)
fkeep = zeros(size(bitinfo));

(small=size(keep,1);

(startidx = zeros(E_est,1);

[for ik = 1:E_est

[ keepidx = find(bitinfo(:, ik)==2);

[ suall = min(length(keepidx), small);

[ keep(1:length(keepidx), ik)=keepidx;

[ starttmp =find(bitinfo(:, ik)); %

[ startidx(ik) = starttmp(1); % BANZ. demud only modeT 0 Tht-f
[}?yﬁz%ﬂﬁ

end

Ekeep = keep(1:small, :};

% R~ PRy SRR D B AR DT —F T L~ Fbitinfo
‘smEmz 2,

[%bitinto(find(bitinfo))=2:

(pitinfo(find((bitinfo ?=3)& bitinfo))=2; % joid. HHOEDIZEBEY v b
leLT3onr 170y FEMAS,

[

loutPath=FoutPath *¥ baseFileName?;
[

[if mud_demod % hybrid mud and demud mode
[

O

ogooooad
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L
C
L
L
{
L
C
C
L
C
L
L
{
L
C
C
L
C

by,

L
{
L
C
C
L
C
L
L
g

(21)

¥ DT, oo A0BES
?maxA, maxdx?=max (abs (A_est));
thr=. bkmaxA;
nogo=0;
newset=77;
for 1=1:length(A_est),
if i7=maxIdx,
if(abs(A_est(1)))thr),
nogo=1;
end
newset=7newset i7;
end
end
if Tnogo,
rrcos=sqrircos (L_HALF, ROLLOFF, FB, SAMPLERATE) ;
rrcos = rrcos(:).”;
rx_filter_delay = (length(rrecos)-1)/2;
mf=conv(dChOutData, conj (f1ipud(rrcos(:))));

phase=7conj (A_est (maxIdx));conj (j#A_est (maxIdx))?. /abs(A_est (max1dx)

ioffset=signal_delay+rx_filter_delay+l+round(iau_est (maxIdx)#4);

k=1;

i =ioffset:4:length(uf);

Y = zeros(1, length(i));

for i=ioffset:4:length(uf),

it bitinfo(k, maxIdx)==3,

temp=phase (1) ;
phase (1)=phase(2) ;
phase (2)=temp;
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end
if bitinfo(k, maxidx)==0,
A=0;
else
A=phase (mod (k-1, 2)+1) ;
end
Y(k)=real (Asmf (i));
if Y(&))0,
Y(k)=1;
end
if Y(&) {0,
Y(k)=-1;
end
k=k+1;
end
I=find(bitinfo(:, maxIdx)==0);
II=I1(find (diff(I))1))+1;
HIW?=1),
I1=71 ;117;
end
st=signal_delay+tau_est (maxIdx)#4+1;
for i=1:1ength(I1),
ed=11(1)+NUM_BURST_BITS-1;
if 11(i))=length(Y),
break;
end
it ed ) length(Y),
ed=length(Y);
end
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s=oqpskmod (Y(I1(i):ed), SAMPLERATE, rrcos) #sqrt (2);
sd = A_est (maxIdx)#s;
x=st+(I11(1)-1)%4-24:st+(I11(1)-1)%4-24+1ength(sd)-1;
if x(length(x))}length(dChOutData},
[11=max(find (x{=length(dChOutData)));
1=x (1:111};
sd=sd(1:111);
end
if ?isempty(x),
I=find (x}0);
dChOutData (x (1)) =dChOutData(x(1))-sd(I);
end
end
A_est=A_est (newset);
tau_est=tau_est (newset);
bitinfo=bitinfo(:, newset);
end

if ?isempty(A_est),

?demodOutData2, multiplex_hitinfo?=asyncmud (dChOutData.’,A_est, tau_es
(t,bitinfo, signal_delay, demoflag) ;
end

L
C
L
L
{
L
C
C
L
C
L
L
{
L
C
C
L
C
L

[

[

[ if ?nogo,

[ if isempty(newset),

[ demodOutData2=Y;

[ else

[ demodOutData2=?demodOutData2;zeros (1, size (demodOutData2, 2))7;
[ for i=size(demodOutData2, 1) :-1:maxIdx+1,

O

[ demodOutData2(i, :)=demodOutData2(i-1, :);

[ end

[ demodOutData2 (max Idx, :}=Y(1:size(demodOutData2, 2));
[ end

 end

[

[else ¥ demud only mode

rrcos=sqrtrcos (L_HALF, ROLLOFF, FB, SAMPLERATE) ;
rrcos = rreos(:).’;

rx_filter_delay = (length(rrcos)-1)/2;
mf=conv(dChOutData, conj (flipud{rreos(:))));

[
[
[
[
[ .
L for iusr = 1:E_est



(24)

[ phase=Pconj (A_est(iusr));conj (j*A_est (iusr))?. /abs(A_est(iusr)};
[ loffset=signal_delay+rx_filter_delay+l+round(tau_est (iusr)#4);
[ k=1;
(1 =loffset:4:length(uf);
[ availbit = length(i);
r A dusr = 1§ AR—ZFHDLTHHI. RNOBEIRROERL
[ED'CIA%o
demodOutData2= zeros(E_est, startidx(1)+availbit-1);
end

[

[

[

: Y = zeros (1, length(i));
for i= ioffset:4:length(uf)

: if bitinfo(k, iusr)==3,

: temp=phase (1) ;

[ phase (1)=phase(2) ;

[ phase (2)=temp;

[ end

[ if bitinfo(k, iusr)==0,

[ A=0;

[ else

( A=phase (mod (k-1, 2)+1) ;

[ end

[ Y(k)=real (Asmf(i));

[ if Y{)30,

[ Yk)=1;

[ end

[ if Y() <0,

[ Yk)=-1;

[ end

O

[ k=k+1;

[ end

[ %demodOutData2(iusr, startidx(iusr)+(0:length(Y)-1)) = Y;
( demodOutData2(iusr, (1:length(Y))) = Y;
[

[

end % iusrizL T
[end

L
gooooad
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kAP wEY, bl—=Y, FT-ULIREEOEY b
L2 = size(demodOutData2,2); % demodi3f775Fl.
[
ﬁmaxdelav, usrmax? = max(keep(d, :));
(tmp =find( keep(:,usrmax){=L2):
11 = tmp (end) ;
[
[demodﬂutData=zerus(K_est,Ll);
[
JLOF & LT OEEHA
for ik = 1:E_est,
[ demodOutData(sidx (ik), :) =demodOutData2(ik, keep(1:L1, ik));
[end

[rawber =NaN;

[txbitfilename=sprintt(’%s_thitsOut’.baseFileName);
[cd(outPath):

‘load (txbitfilename)

[

(i exist( rawTxBitsOut’)

[ % #4217 2— RORICmdiR 0 2 & £57 5,

[ % F—FEPw brEIL2—-FBXOTUI—-KT 5,

[ % SFosfTEtaFa—FT 5,

[ txbitfile=sprintf(’./%s_txBitsOut.mat’,baseFileName);
[ load (txbitfile);

[ compare_length = min( max(size(rawTxRitsOut)), ...
[ nax (size(demodOutData)));

[ ¥ Ew kKT

[

[
tusr=size (rawTxBitsOut, 1)
pusr=K_est
if tusr ?=pusr
disp( Warning # estimate users is not equal to truth # users’):
end
minusr = min(tusr,pusr);

rawber = cumsum( ...
(rawlxBitsOut (1:minusr, 1:compare_length)?=demodOuiData(l:minusr,1:
compare_length)).’):

% BT
for icol = 1:size(rawber, 2)

rawber(:,icol) = rawber(:,icol) ./ (1l:compare_length).’ ;
end

figure;plot (rawber,” % );

dispC RAW BER in Fraction’);

rawber (compare_length, :)

disp( RAW BER in Bits’);

rawber (compare_length, :)*compare_length

[end
U

ooogooan

L
C
C
L
C
L
L
{
L
t
C
L
C
L
L
{
L
C
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% BREREOHIT -5 ERET S,
routFileName=sprintf(’ %s_demodOut’, baseFileName);
(save (outFileName, ’demodOutData’);

[

& FNy THOTREER

(auxFileName=sprintf ( %5_demodOut_aux’ , baseFileName);
[save(auxFileName,

[ paramflag’,’ demoflag’,’ nbit’,...

C "pbitinfo’,’ tau_est’,’A_est’, E_est’,’ sidy’,...

[ T, T8C,’ unbias_tauw’,...

: *rawher’);

[ .

cd(uFilePath);

Epremud.m

[tunction Tbitinfo, tau_est,A_est,E_est, sidx, signal_delay, T, TSC, unbias_tau
(9= premud (fname, L, paramf 1ag)

[

% function premud(fname)

[y MDATY 7oty MUDICK Bbit infoBfEEERT 5.

% paramflag 1: /%5 A—FHEEMEB 05 infoR BET 5.

% paramflag 0: /%5 A—% nfo& BT 5,

iy

[

[system_constants_init; % YO— UL AFAERERET S,

[if Pparanflag % EONFA—F 771 INERNT

[ basefname=sirtok(fname,’ ’);

[ parafile = sprintf(’ %s.mat’, basefname);

[ gainfile = sprintf(’¥s_trueAOut.mat’,basefname); % 7 7-TJLid. actual
O

[ Ealn®E&Er,

oooooao
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[ % 7L—LEHRERET Skbicparafile®ZO— RT3,

%if exist(?"./OutputFiles/ ,parafile?) o= 2
%if exist(?"./ ,parafile?) ?= 2
it exist(parafile) ?= 2
%disp(?"./ ,parafile,” missing’?);
disp(parafile,” missing’?);
bitinfo=77;
return;
else

$ tauB X Ugain® e OHEFEMAL L Cactual ZEANT

%load(? . /OutputFiles/ ,gainfile?);

¥load(? ./ ,gainfile?):

load(gainfile);

"Alest=A%2; %% TRUCED. sart(8)BENIT— BT FNE-RARIUVAD
‘Mows 7

: %% sqrt (2) THB —ADERFEIH S T, BHELEHICAREE

Ypaws,

[ rreos = sqrircos(L_HALF, ROLLOFF, FB, SAMPLERATE) ;

[ % S ROMEFTZARICETOTH B OT, AwlitudeicBEISHER

Dok, ROFEAAZFLTWS,

[ %A_est=4%A_est#sqrt(rrcos’ #rreos);

[ %A_est = SAMPLERATE#A_est. /sqrt (SAMPLERATE) ;
[ %load(?" ./ ,parafile?);

[ load(parafile);
[

[

[

C
L
L
{
L
C
C
L
C
L
L
{
L

K_est =K;
% M (Field Matrix)
% L (Data Length in Samples)

O
[ % T stagger offset
[

gooogbad
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else

]

*i
i

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[ el
[

[

oz
[

L
L
g

(28)

[ 4
0

Y Zodaw sk, H—7h5parafileDr—Z L {HEFITHTT 5,
¥offset=T(:)%3%+tau(:); % tau and staggler offset
%7offset,sidx? = sort (offset);

¥signal_delay = round (of fset (1) *SAMPLERATE) % H > 7FIH

Yoffset = offset - offset(l); % 2BEEFO 1 ANOERIZTS,
¥A_est = A est(sidx);
%¥?tau_est,bitinfo? = frameinfo(offset,L,FM, TSC);

[ 4
0

%
d

% HEEBENT A-FHIERNWS,
t_file = fname;

fexist(?./ ,est_file?) 7= 2

f exist(est_file) 7= 2

¥disp(?./ ,est_file,” missing’ ?);
disp(Pest_file,” missing’ ?);
bitinfo=77;

return;

se

load(est_file);

dim = size(A_est); % 22T YRUZZORTERER ; Aestid, 7<

Baha,

dBthreshold = -7 ;  %21—HHEE

¥ B 3220y FERTHBRACNASA—FERTT S LET
Y BELIOFALAOY hOLHMEL—FERIE
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[
[ AdB =20%logl0(abs(A_est(:,:,1))); %% B1OFAALAATOY FPEAWVTY

(UTOAL tan & BHEE

[ AdB =AdB-max (max (max (AdB)));

(% md.nid, BITREBEDICHMELLZOT, 1 EBATIZEALN
[?&Téﬁﬁ

[ idx= find(AdB } dBthreshold );

‘ E_est = length(idx);

[ if E_est?3

[ fprintfC Initial estimate of nmumber of users = ¥d¥n’,E_est);
: fprintf C This will be limited to 3 users, to conserve computing r
esources¥n’ );

: end

[ while K_est}3

: dBthreshold=dBthreshold+0. 1;
[ idx= find(AdB ) dBthreshold );

[ E_est = length(idx);

L end

[ %disp(? Number of User estimate:’,num2str(E_est)?);
[ Apagel = Aest(:,:,1);

[ tau_pagel = tau_est(:,:,1);

[ A_est=A_pagel(idx);

[

[A_est=A_est*2; & Zid. ogpskmod. micBIF 35 1 iz HKT HEHE(CICH
(=

tau =tau_pagel(idx);

¥ BRICEBAFFEO Indx returnFEHNinT 5w 2 Aoy 78

O — — — =™

&

idxN = mapidx3(idx,dim); % iXZEHUP3 iz vy 7L T, TBLUTCEE

—

T = zeros(E_est,1);
TSC = zeros(E_est, 1);
for i = 1:E_est;
TSC(i)=TSCset (idxN(i,1));
T(i)= idxN(i, 2)-1;
end
¥ HENT A DEMERET 5 OIMBE
¥ BHrNA—TalONFA-FHEEE TNTOADY AR
¥ G, FOMETRTOMELTN-RIA=F1 T35,
FM = ones (E_est, 32);
end

Ceg—™ —™ ™ ™M m ™ ™ ™ ™ — o m

end

oooooan
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¥ TBXTUtaudi A OFEOHSEDRIZE > TtanZHEd 3,

of fset=T(:)#3%+tau(:); ¥ tauBXBAF v HF Ty b
(Poffset,sidx? =  sort(effset);

(signal_delay =  round(offset (1)#SAMPLERATE) % H#>-FIANT
offset = offset - offset(1); % £RERAD 1 AOBRITT 3.
A-est = Aest(sidx);

unbias_tau = tau;

[

[?tau_est,bitinto? = frameinfo(offset,L, FM, TSC);

e

function ?newtau, bitinfo? = frameinfo(offset,L,FM, TSC)

—/

—

newtau = fraction(offset);

HEF ¥ FNBEREV - FBIUHRE

T

asynemudiZ N ER Ew F 7O 7 ¢ )L E#E

ok a&

sysiem_constanis_init; ¥ Yo—nNV AT LB ERE

—/

laburst = ceil(L/SAMPLERATE/NUM_BURST_BITS);

lnusr = size(FM,1);

ly BIEEBE T B2 ORTObUrst ;

[bitinfo = zeros (ceil((nbursi+1) % BITS_PER_BURST),nusr);
[

(% TSC_ARRAY 0 1%-1 LizT v 7¥5

[TSC_ARRAY(find (FTSC_ARRAY)) =-1; % 0% —1CEH

[

(for iusr = 1l:nusr

0
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Cp—™ ™ ™ ™ ™ m ™ m —o— o

G

§ F-HEFRIZOREL

¥ BEA—ZADRHD] bin offic &> THERS S LB S,

%rog = 91, max{floor(offset(iusr))-1,0)%?

rng = 71, max(floor(offset(iusr)),0)?
¥bitinfo(rng(1) :rng(2), iusr)= zeros(floor (offset (iusr))-1,1);
bitinfo(rng(1):rng(2), iusr)= zeros(floor (offset (iusr)),1);

burstl = Pones(3,1) ;2%ones (60, 1) ;TSC_ARRAY(TSC(iusr)+1, :).” ;...
2%ones (60, 1) ;ones (3,1) ;zeros (8, 1) ;7;
burst2 = Pburstl;37; ¥&HO0H—REw b

if mod(offset (iusr)-fraction(offset(iusr}},2),
bitinfo(rng(2), iusr)=3;
end

for iburst = 1:nburst

it rem(iburst,4)?=1 % BE¥EDburst
rng = rng(2)+71, 156%;
if PM(iusr,modulo(iburst,32)) % superframae
bitinfo(rng(1) :rng(2), iusr)= burstl;
else
bitinfo(rog(1):rng(2), iusr)= zeros(156,1);
end
else % 4ZLOHRJOIN—-REw ME, B1H58HES,
rng = rng(2)+71, 1577;
if FM(iusr, modulo(iburst, 32))
bitinfo(rng(1) :rng(2), iusr)= burst?2;
else

bitinfe(rng(1) :rng(2), iusr)= Pzeros(156,1); 37:
end
end
end
I=find(bitinfo(:, iusr)==3);
for i=1:length(I),
if (1(i)+1{=size(bitinfo, 1)),
bitinfo(I(i), iusr)=0;
bitinfo(I(i)}+1, iusr)=3;
else
bitinfo(I(i}, iusr)=0;
end
end
end

oooooan
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]
% O—71 L Bagk

% function out=fraction(in)

%
[
[tunctiun out=fraction(in)
out = abs(in);

[
[
[for k = 1:1ength(out);

[ if abs(out(k)))1

[ out (k)=out (k)-floor(oui (k));
[ end

end

[

s

% n—svEE
[% function out=modulo(in,N)

s

L

‘function out=modulo(im,N)

lout=ren(in,N); % ¥ ZTOBY 2RO 3,

lout (find (Pout))=N; % 0 B0 % N EEMR 3,
lgut (find (out {0)) =N+out (find (out{0));

[

%

% o—J)L B4
% function oidx = mapidx3(iidx,dim)

%
(function oldx = mapidx3(iidx,dim)

[

O

(if length(dim} ?=3

( dispC Input must be 3 element ’);

[ oldx = 92,

[ return;

rend

oidx = zeros(length(iidx),3);

[oidx(:,s) = ceil(1idx(:). /prod(dim(1:2)));

01dx(:,2) = modulo(ceil(iidx(:). /prod@in(1))),din(2)) ;
[oidx(:,l) = modulo(iidx(:),dim(1));

[
Lasvncmud. m

goboodgbad
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%
& EECNFL—F7 LAY XA

¥ ERBOQP SKYINFL-HREOLDIIEERNERTT S,

% Sergio Verduic k< N F1—~HRHESH

& AHNS A5

% data: HEESR—ANCREF—F A RU—4

gain : EEENETINFIL-TEEEBES T

tat : AN BT BT L F L —FREBEL S S
demoflag: 113, FM7ow FaEERT,

—

e he he be

%¥ 200044 Az Ned Thamakhoune {2k -»TEHhhi,

¥ BRI

% 6/5/00 #|1OER/N—Ta Joseph Su

6/14/00 HMEBITFARY OGO — RORE(E Ned Thammakhoune

.

el Tl

[tunction ?decision, bitinfo?=asyncmud(data, gain, tau, bitinfo, signal_delay,
[ demoflag)

[global SysPara;

[

(it nargin ¢ 3

[ demoflag=0;

lend

[if length(tau)?=length(gain)

[ disp(C tau and gain must have the same length’)
(end

[

(async_debug = 0;

[if async_debug

O

[ fid = fopen( async_debug. log’ ,’ W' );
[end



34)

[tau=tau(:);
@aln=gain(:};

[%

[bitinto=bitinfo.’ :
(bitinfo=bitinfo(:);

[

[% PAFAVLRIIONT A—F O E W&
[SvsPara = SysParalnit;

[

[%rx_tilter_delay = length(SysPara.rrcos)-1;
Erx_tilter_delay = floor(length (SysPara. rrcos)/2)
[phase=gain./abs(gain); % firtd

[mxusr =length(tau); % EBEOI—FE

lpusr = 24mXUST; ¥ IBXUAQIE. MY LEI-HLLTESD.,

[nstage = floor ((length(data)-rx_filter_delay-signal_delay)/(2#SysPara. sp

p)ynusr  $F—Fik, F—FOLKPON pdEHT B LEE
[

[decision = zeros(nstage,1); § WMEEY FMCAR—ZBE0YT
L3,

lyi = zeros(nstage/nusr, nust): % nustFEHFEDOT MU S ATHERT
(5,

O

Ooo0oOoooad

& ANT—FEBET o NFVTT B,
mf = conv(data, conj (fl1ipud(SysPara. rrees(:)))};
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b REEEBEIC S U T, e o —Fiou L el EEVEBIEIC Y v T3,

% QORI IF+3Ih50Tiw

% Tiwdid. second.pIZH 3

% BTEREZ ST eDICARERRNT, ThEffSRENSH T EICHER

[

[iottset=signa1_de1av+rx_ti1ter_de1av+1+round(tau.*SysPara.wad):

[%'bL FTMAT

qoffset=signal _delay+rx_filter_delay+l+round (tau#SysPara. Tfwd) +SysPara.
Tiwd;

for iusr = 1:mxusr
¥ IF+3N
idata = mf(ioffset(iusr):24SysPara.spb:length(mf));
yi(:, iusr)=idata(l:size(yi,1)); %
¥ QF¥ 3N
qdata = mf(goffset(iusr):24SysPara.spb:length(mf)) ;
yi(:, iusr+mxusr) =qdata(l:size(vi,1)); %
'end
[
[y zhosmAAT2EL 111I1QQQQAIIIIQQQQ
% BeAtaudTivd s 7abBEy ML D &hE 0 LEE
lyi=yi.”;
¥ =yi(:);
[
¥ E&—-E7)ldU X AR
(% demoflagd®l KREESINTWSBRE, BEEREICHL TRERRICBITSR
(BEERT D EITHER
% demo flag@fOICBESNTVASHEE, Ev b —r A ZARATVEEHELT
BRbVICREGINS,
[

t
L
C
L
L
{
L
C
C
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[

[

[nisi=2;

(@bit = nisimusr-1;

virb.N = 2° (nbit);

[vtrb. T=4#virb.N;

if vtrb. T)nstage,
virb. T=nstage

end

[
[
[
[,
[1t demoflag

: virh.Sp = NaN#ones(vtrb. N, vtrb.T);

else SEw R —5 A EEETHREDHIZ. 0 ThWERuatlabEANn5,
. vwordlength=52; % IEEE~ I HEVNEABEORD

[ nword = ceil(vtrb.T/wordlength);

[ virb. Sp = zeros(virb.N, nword);

[end

L

(vtrb.T = zeros(vtrb.N,1);

‘nstage

[

% I QRAOEDITtautgalndAHIEIEIR

ligtau = Ttau;tautl?; % tauldl tiwoBifr 1 tiwld, #BIC gk A
liggain = abs(?gain;gain?);

ligphase = exp(js7angle(gain);pi/2+angle(gain}?};

[

[

oooooan
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% HEMHET— 7 ERHE X TEM
rij = real(reale(iqtau, igphase, nisi, 0));

[

& REF—T N EER
(State=create_state(nbit);

[

?tr=zeros(vtrb.N,2);
}%@ﬁ%NWﬁfyﬁ%ﬁﬁ
[tor n=1:virb.N,

.

: % TNy O BT 3L 5B LRBOBNENWERE,
% BEEOEDITEEY Y MR TEESRA 5,

% right shift and set left most bit

.

¥ ptr(n,1)=find(ismember(state,?1, state(n, 1:0bit-1)7," row’));
% ptr(n, 2)=find(ismember (state, ?-1, state(n, 1:0bit-1)7, row' ));

[
[
[
[
[
%
L shiftv = bitshift(a-1,-1);
[ ptr(n,1) = mybitset(shiftv,nbit,0)+1; %
L ptr(n,2 = mybitset(shiftv,nbit,1)+1;
lend
[
(A=zeros (1, mbit);
[Aidx=nbit;
[
% %1 Qubit A F—
[
(for t=1:nbit,
O
Dooooo
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(38)

¥ BORAF-PIckB2X M EEE
table = zeros(virb.N,1);
ridx=modulo(t, nusr);
Aidx=modulo(Aidx+1, nbit);

% apriori info%¥psR
if(bitinfo(t)==0),
A(Aldx)=0;
else
if(bitinfo(i)==3),
temp=igphase (ridx);
tidx=modulo(ridx+mxusr, nusr);
igphase(ridx)=igphase(tidx);
igphase (tidx)=temp;
rij = real(rcalc(igtau, igphase,nisi, 0));
end
A(Aldx)=iggain(ridx);
end

for istate=1:2° (i-1),
for n=1:t-1,
lidx=module(t-n, nusr);
k=(istate-1)%2+1;
table(k)=table(k)+. ..
state(k, nbit-n)#A(modulo (Aidx-n, nbit))#rij (1, 1idx, ridx);
end
end

Y REOATFT—VTORAEER

Y(t)=real (Y(t)#conj (igphase(ridx)));
tempJ=vtrh.J;
if t?= nbit,
for n=1:2°t,
virb. T(ptr ((n-1)%2+1,1))=temp] (ptr(n, 1))+...
state(n, nbit) #A(Aidx)%(Y(t)-table(ptr(n, 1)));
end
else
for n=1:2°t,
virb. J(n)=temp] (pir(n, 1))+...
state(n, nbit)*A(Aldx)%(Y(t)-table(ptr(n, 1)));
end
end

end

oooooan
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(39)

% BB EHE
rinner_lp_sz=vtrb.N/2;
outter_Ip_sz=1;
[
[for t=1:nbit-1,
ikt
kk=1;
it demoflag % SEEROIRNIE
idx=modulo(i+1, vtrh.T)
else % Ewhki—rir%

[
[
[
[
: end

: for n=l:outter_lp_sz,

. for k=1:inner_lp_sz,

C i1 demoflag ¥ EBORE

[ virb. Sp(kk, idx)=1;

L else ¥ Eyhi—5i2

L virb. Sp(kk, idxP)=mybitset (virb. Sp(kk, idxP), idxV¥,1);
[ end

[ kk=kk+1;

[ end

[ for k=1:immer_lp_sz,

l it demoflag % EEBROINIE

[ virb. Sp(kk, 1dx)=2;

[ else § Ew ki —522

[ virh. Sp(kk, idxP)=mybitset (vtrb. Sp(kk, idxP), idxW, 0);
[ end

[ kk=kk+1;

[ end

cutter_lp_sz=outter_lp_sz#2;

inner_lp_sz=inner_lp_sz/2;

rend

oooooao

O

[ end
[

[

?idxP, idxW? = modulo_p(t+1, wordlength); % tRTEZHBALNWIZ LiCHEE
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% TRTOFEES (BLAZORMT) RELTHLREOniHMIA

[

(fixcost = NaN#ones(vtrb.N,nusr); %

[

[% nbit A 57—k
[tic ¥ EHEERG
[tor t=nbit+1:nstage,

L T e T e T e T e T e T e T e T e B e B T e T e T e e T e T e T e T e T e B

O

[ e T e Y e B |

if Prem(t,50) % 50T&ICET,
sprintfC stage %d elapase tme %f,t, toc)
tic ¥ FEZ U Ew b

ride=modulo(t,nusr); % HEDusrT Fwi X
Aldx=modulo(Aidx+1, nbit);

% apriori info%#p32
if(bitinfo(t)==0),
A(Aidx)=0;

if(bitinfo(t)==3),

temp=igphase(ridx);

tidx=modulo(ridx-+mxusr, nusr);
igphase(ridx)=iqphase(tidx);

igphase(tidx)=temp;

rij = real(rcalc(iqtau, igphase,nisi, 0));

fixcost = NaN%ones(virb.N,nusr}; % % rij®E

end
A(Aidx)=iggain(ridx);

currbit=NaN;

if(bitinfo(t)==1)
currbit=1;

if(bitinfo(t)==-1)
currbit=-1;
L end

oooooao
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(41)

[ % BETF—TNERVSEDOEE TRTOFHRRO TEA,

%if t==100
[% :‘:“—ﬂf‘— F
[%EIId

[ Treuse= all( ?A(module(Aidx-(1:nusr-1),nbit)), A(modulo(Aidx-( nusr:nis
(i#nusr-1), 0bit))?);
. rebuild = isnan (fixcost (1, ridx}); %F—7NREFBEINTHRL,
[%mMHd=h § ITRTOF—TNBERETEZEEBRTSREDIIN—F
[:—?4 75,
[ ¥ EERAATEE 2 ixcost BFEOL-FIH L TREINTOYEWES
: if (Preuse) ¢ rebuild
[ table=zeros (vtrb.N,1);
for istate=1:virb.N,
[ if istate == 1 & async_debug
: fprintf(fid, ’ridx %d lidx %d %d %d Aidx %d Aidxs %d %d %d¥n’,ri
[dx ,modulo(t-(1:nusr-1), nusr) , Aidx,modulo(Aidx-(1:nusr-1),nbit});
[ end
[ for n=1:musr-1,
[ lidx=modulo(t-n, nusr);
[ table(istate)=table(istate)+...
[ state(istate, nbit-n+1)*A(modulo(Aidx-n, nbit)}#rij (1, lidx, rid
[x);
end

[
[
( for n=nusr:nisi%nusr-1,

[ lidx=modulo(t-n, nusr);

[ table(istate)=table(istate)+...

[ state(istate, nbit-n+1)#A(modulo(Aidx-n, nbit))#rij (2, 1idx, rid
x);

O
end

end
if reuse
fixcost(:, ridx)=table;
£ F—F—F
end
else ¥ BEAVEBIUDT TILER
¥sprintf(%d’, 1)
table = fixcost(:, ridx);
end

¥ MEOIAZ FEHELEXEHS
tempSp=virb. Sp;
tempJ=virbh.J;

5 Y(t)=real (Y(t)*conj (igphase(ridx)));

googbad
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(42)

[ %Ny T T ORBOT LTI R
[ idxT = modulo(t,vtrb.T); % TEw FOET 2O
[ 1f demoflag ==
[ 71dxP, idxW? = modulo_p(idxT,wordlength); % TEw OV —FROE
[VJH
[ end
c it isnan(currbit),
[ for n=1:vtrb.N,
C pathl=tempJ (ptr(n,1))+...
[ state(n,nbit)#A(Aidx)#(Y(t)-table(ptr(n, 1)) ;
. path2=temp] (ptr(n, 2))+...
: state(n, nbit)#A(Aidx)#(Y(t)-table(ptr(n, 2)));
Pmxpath, ipath?=max (?pathl, path2?);
: virb. J(n)=mxpath;
C i1 demoflag ¥ EBORE
: virb. Sp(n, :)=tempSp(ptr(n, ipath}, :);
[ virb. Sp(n, idxT)=ptr (n, ipath);
[ else % Ew b —iA
[ savebit =state(ptr(n, ipath),nbit);
[ virb.Sp(n, :)=tempSp(ptr(n, ipath), :);
[ % ipath lor2 (==) lor0; 175AZ{L
[ virb.Sp(n, idxP) = mybitset(vtrb.Sp(n, idxP), idxW, (savebit+1)/2

[ end

[ end

[ else

[ if currbit==1,
[ for n=1:2:vtrb.N,

[ pathl=tempJ (ptr(n, 1))+...

JP
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L T e T e T e T e T e B e B s T e B |

/2);

L T e T e T e T e T s T e T e T e T e B e T e T T e T e T

O

(43)

state(n,nbit)#A(Aidx)#(Y(t)-table(ptr(n,1)));
path2=tempJ (ptr(n, 2))+...
state(n, nbit)#A(Aldx)#(Y(t)-table(pir(n, 2)));
fmxpath, ipath?=max (?paihl, path2%);
virh. T(n)=mxpath;
it demoflag % EEROINIE
vtrb. Sp(n, :)=tempSp(ptr(n, ipath}, :);
virb. Sp(n, modulo(t, virb. T))=ptr(n, ipath);
else § Ewhi—522
savebit =state(ptr(n, ipath),nbit);
virb. Sp(n, :)=tempSp(ptr (n, ipath), :);
virb.Sp(n, idxP) = mybitset(vtrb.Sp(n, idxP), idx¥W, (savebit+l)

end

virb. J(n+1)=-1inf;
end
else
for n=2:2:vtrb.N,
pathl=tempJ (ptr(n, 1))+...
state(n, nbit)#A(ALldx)#(Y(t)-table(pir(n, 1)));
path2=tempJ (ptr(n, 2))+...
state(n, nbit)#A(Aldx)#(Y(t)-table(pir(n, 2)));
Pmxpath, ipath?=max (?pathl, path2%);
virb. J(n)=mxpath;

if demoflag % EREOINEE

JP

2004-509552 A 2004.3.25

10

20



(44)

[ virb. Sp(n, :)=tempSp(ptr (n, ipath), :);
[ vtrb. Sp(n, modulo(t, vtrb. T))=ptr(n, ipath);
[ else § Ew ki —42
[ savebit =state(ptr(n, ipath),nbit);
[ virb. Sp(n, :)=tempSp(ptr(n, ipath), :);
[ virb.Sp(n, idxP) = mybitset(vtrh.Sp(n, idxP), idxW, (savebit+l)
[/2) ;
end

virb. J(n-1)=-inf;
end
end
end

if t) virb.T,
21, I't=max (vtrb.J);
it demoflag % EEROINIE
bit=state(vtrb.Sp(J, modulo(t-vtrb. T+1, virb. T)), nbit);

else
idxT = modulo(t-vtrb. T+1, virb.T);
?idxP, idxW? = modulo_p(idxT,wordlength); % TEw FOEYI O
bit=mybitget (vtrb. Sp(J, idxP), idxW)%2-1;;

end

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[ decision(t-virb.T)=bit;
[

[ end

O

[

[end

gooogbad
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(45)

¥k BIEPAIRRCOTROIOE Y FEHA

(?1, J?=max (vtrb.J);

(for t=nstaget+l:nstage+virb.T-1,

[ if demoflag % EEROIRE

[ bit=state(virb. Sp(J, modulo(t-vtrb. T+1, virb. T)), nbit);
[ else

c idxT = modulo(i-virb. T+1, virh.T);

[ ?idxP, idx¥? = modulo_p(idxT,wordlength); % TEw FOET o0
[ bit=mybitget (virh. Sp(J, idxP), idxW) %2 -1; ; %

[ end

[ decision(t-vtrb. T)=hit;

end

[

"bit=state (s, bit):;

Edecision(t-vtrb.T)=bit;

' musricET BERLZE Y FEET Y 7T 5.,

(decision = reshape(decision, mxusr, length(decision) /mxusr);
[

lif async_debug

[ fclose(fid)

lend

%

a

oooooa
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]
% O—71 L Bagk

% function lambda = payoff(j,u)
(% pay off function

*

%

[
[tunction lambda = pavoff(j,u, table)

[
will put in equation just testing the flow

[lambda = rand(1,1);
[
E%
%

Y mesLees

function SysPara = SysParalnit(}
% Initialize all system para parameter

y
s

[

(tunction SysPara = SysParalnit()

% 2 35L—va OB ERICFSTHDBOERDITE I LNBE
[L_HALF = 3;

[ROLLOFF=0. 35;

[SAMPLERATE =4;

[

(%SysPara. rreos=sqrt (8)#sqr treos (L_HALF, ROLLOFF, FR, SAMPLERATE) ;
[(SysPara. rrcos=sqrircos (L_HALF, ROLLOFF, . 5, SAMPLERATE) ;
[SysPara.rrcos = SysPara.rrcos/sqrt(SysPara. rreos’ #SysPara. rreos) ;
[

[

(%SysPara. rreos=sqrt (SAMPLERATE) # sqrircos (L_HALF, ROLLOFF, FB, SAMPLERATE)

[

(SysPara. Tfwd=4; ¥ ¥7INAT

(SysPara. spb=4; ¥ INBAETHDIEERS
[

*

oooooan
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(47)

]
% O—71 L Bagk

% function states= create_state(nbit)

b

function states= create_state(nbit)
integer =0:2°nbit-1;
states=zeros (2" nbit, nbit);
for k=1:2°nbit
states (k, :)=fliplr(mybitget (integer(k),1:nbit});
end
¥ 010RHVIC+—2TS
states(find(states))=-1;
states(find(?states))=1;

{
L
C
L
L
t
L

L
C
L

s

'Y o—m

% function out=modulo(in, N)
[
%

L

(function out=modulo(in,N)

lout=ren(in,N); ¥ % KV EROIT 5,

lout(find (Fout))=N; % ORVDENTEEMRZ S,
lout (find Cout {0))=N+out (find (out {0)};

[
%

% O—71)LBE%k
% function ?page, idx?=module_p(in, N}
% return page idexZERATET 0L R

a
1]

[
function ?page, 1dx?=module_p(in, N)

ldx=ren(in,M); % ¥ ROERDF S,
ﬂMUMMﬁMDﬂ:%O%U%NTE%ﬁK%u
(idx (find (1dx¢0))=N+idx (find (1dx<0));
page=ceil (in./N);

[?page,idx?:

gooooad
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(48)

]

% O—7LBE%K
% function rij=rcalc(tau,gain,phase,nisi)

b

[tunctiun rij=rcale(tau, phase,nisi, demoflag)
[global SysPara

[
[usr =

length(tau);

if nusr?=length(phase),
error(’ tau and phase must be the same size’):

L

—/

end
[

[rij =geros (nisi, nusr, nusr);

% rrcos®L T Y A & BREIETER

&_HALF = 3;

'RoLLOFF=0. 35;

'ScaleF = 100; %

'SAMPLERATE =4; % X JGOOfRfRE

[SAMTLBRATE =Scal eF#SAMPLERATE; % XL OREGE
[9rrcos, t?=sqrircos(L_HALF, ROLLOFF, . 5, SAMPLERATE) ;
%rreos=rreos#sqrt (SAMPLERATE) ;
Wrreos=rrcos#sqrt (8)#sart (ScaleF);

[rrcos=

[

rrcos/sqri(rrecos’ #rrcos);

(Tprime=24SysPara. spb*ScaleF;

[
(for ipage = 1:nisi
( for i = 1:nusr
[ for j = 1:nusr
[ timediff = diff(tau(?i,i?));
[ delta = round(iimediffsSysPara. Tiwd)#ScaleF; % B FIHNT
[ if delta =10
[ Y EOFD
[ rij(ipage,i,j) = ...
[ overlap_sun(rrcos,deltat (ipage-1)# Tprime, demoflag);
[ else
[ % HOED
. tdelta = -delta - (ipage) * Tprime;
[ rij(ipage,i,]) = overlap_sum(rrcos, tdelta, demoflag);
end
© rliCipage, 1,1)= phase (1 scon] Ghase(1)) % il (ivage, 1, 1)
end
: end
[end
L

oooooan
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(49)

]

% O—71 L Bagk

% function rr = overlap_sum(s, delta, demoflag)

%

(function rr = overlap_sum(s, delta, demoflag);

(s=reshape (s, 1, length(s)) ;

[ret =zeros (1, length(s)+abs(delta));

shft=ref;

if (deltay=0),
ref(1,1:length(s)}=s;
shft(1,delta+l:length(shit))=s;
refide=1;

ref(1,1-delta:length(ref))=s:
shft(1,1:1ength(s))=s;
refidx=1-delta;

rr=sum(ref, #shft);

if demoflag
rrfig = figure;
stem(ref,’ g’ ); hold on;
sten(shft,” r’);
vlim =get(gca,’ vliw’);
plot(Prefidx refidx?, vlim,'c—');
grid
£001
display(C hit any key to proceed’)
pause

[ close
[end

goobooano
¥ R RELEINDLSICERT 5.

¥t #WEZ209 L Fw I AR, B—7 N ICHLTIEETENZRET

#%5,
[(System_constants.m
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Zlobal debug_mode
[

(50)

(global S_TCHQ NUM_HALF_FRAME TRAINLEN NUM_FRAME_BITS NUM_BURST_RITS STAG

(GER_OFFSET

(8lobal NUM_SPEECH_BITS NUM_PARITY NUM_CODED NUM_UNCODED CODE_RATE NUM_SR

[ NUM_PUNCTURED
[global NUM_INTLV MAX_SD

C
[global BITS_PER_RURST BURSTS_PER_FRAME RITS_PER_FRAME FRAMES_PER_MULTIFR

ﬂME BITS_PER_MULTIFRAME

L
[glnbal SAMPLERATE ROLLOFF L_HALF TSC_ARRAY

system_constants_init.m

[
[
[svstem_constants:
[

[debug_mode =0;
[

(s_TCHQ = 4;
(NUM_HALF_FRAME
(TRAINLEN = 22;
B
(NUM_FRAME_BITS
[NUM_BURST_BITS
[+ 6 57—)})
[STAGGER_OFFSET = 39;
[NUM_SPEECH_RITS = 72;
(NUM_PARITY = 6;

0

(NUM_CODED = 51;
(NUM_UNCODED = 27;
(CODE_RATE = 2;
(NUM_SR = 7;

£

NUM_PUNCTURED = 9:
Ew b

NUM_INTLY = 3;

MAX_SD = 2° (NUM_SR-1)-1;

60;

148;

L
ITS_PER_BURST = 156. 25;
[BURSTS_PER_FRAME = 8;

2#NUM_HALF_FRAME ;

% S-TCH/QH7F ¥ Il
¥ ER0T7L—LAROEY M
¥ N—ZFAOFL—22F—2 X

¥ 7L —0YEDOEY M
$ N—AFHOVv & (120422

§ 2AF w7y b EDOEY MK
EEVw M
¥ RUF s Ew R

¥ BAHALO—FENEEY MK

¥ a—RFEINTWAELEY MK

% Wo— R

¥ BHAZA—FHOT IR TPAFD

% - R an: (BREahk)

A5 U—-TT5TL—LOK
% AV T MHEM

gITS_PER_FRAME = BURSTS_PER_FRAME#RITS_PER_BURST;

FRAMES_PER_MULTIFRAME = 26;

L
?ITS_PER_MULTIFRAME = BITS_PER_FRAME#FRAMES_PER_MULTIFRAME;

[SAMTLBRATB =4
[kOLLOFF = 0.35;
&_HALF =3

R )

'Fp = 0.5;

U

% P RNYEDDT TN
¥ EHEECRAEOO-)F 73K
¥ PEHECRABOET A NIR

% PHHRATKOMEEE
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(51)

0O0o0o0oao
EEAIN—A R L —o T R 0—T
(TSC_ARRAY=2
1

H O O O © H - |
o0 o OO0 oo
O =]
[ - T
[ T S Gy Sy T g T S
S e -]
[T - T Sy S R W ]
e e D e e e O
o H O oo K-
o0 O H KO
H O O 0O
o0 00 o0 o0 oo
= - OO0 o0 o0 oo
[ R R S =]
[ - - -]
o o0 o RO o oo
[ e - e =]
(-
O =]
[ T - S

1

0
1
0
0
1
1
0
1
ogpskmod.

[
[ 1
[ 0
[ 1
[ 0
o
[

1
[

m
[
[

function s = ogpskmod (I, T, pulse)
% function s = ogpskmod(i, T, pulse)

[%]\i'l :

y 1, 1:1) WS RN Fb, FRY b
5

y

I T(1, 1) TRV (BTN
B35

% pulse(l, 1:Lp)
% NBINVZEBE T « V7 HRE
% F7xN TR, N=TOEIOHEEBY s FUEHAWS,

¥ s(1, LaT#lp - 1):
% BERAZ P 1ICRET50QP SKEE~Z ML

B
L ORI, BEISNNENNZABBLAICOQP SKEMH
(BEfTT 5.

L HARE s OB/LR, B—IIRESNS.

*

FFNIUZA

b PNABRE 7 1 NTORET A NRNAREERNT, BBE
ERT B,

[% HEUHaEns /ol —Yy

[% L

[%

[% dAb

[% RN T YD OH TR, BERTHS5HENRDS,
%

L

Ooo0O0oooao
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(52)

(i = sart(-1);

L1 = length(I}; ¥ Avb—-TL RIS FILOEE

[

) NRVAENROD, OKBREENSHERT 5.

[it ((length(pulse) == 0) 7 ((length(pulse) == 1) & (pulse == 0)))
[ pulse = ones(T, 1) ./ T;

[end

[

[Ltemp =T % Li;

[temp = geros(1, Ltemp);

[(1:2:L1); % BEF—% (matlab7 L1881 CHES=H)
1(2:2:11); % #FEF—F

L.
ni
L
mg
(

[temp(I:Z*T:Ltemp) =mi;
[

Y BXT—A (BO) %123 RV EET 5.
“temp (1+7:24T:Ltenp) = j¥ug;

[

5 2 BNDA L IOVARY P TIUVAEREBIADZ LIz L D R—Z/N>
(kEBEBRT 2.

[%s = T#conv(pulse, temp);

ls = conv(pulse, temp) /sqri(2);

[sqrircos.m

[

(function ?x, t? = sqrtrcoschalf_length, alpha, Fb, Fs)
% function ?x, t? = sqrircos(L_half, beta, Fb, Fs)

%

XA :

O
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] L_half ZREBNUIAOEZDL RN TOES

% beta HO—IAFTNRFA—-F 0 (= beta (= 1.0.

% Fb EHE

% Fs i |l

%

i

* X ZREPNILZER T ¢ L5 RE

; t P A EBREIC AN SRS
[9 b

[%

[%Eﬁl :

% O—JlF 75 A—FbetakFb % (1 + beta) /200 0—X A HHET.

EZ*hal f lengthORSOFER FAT A EAR_RKET 4 NI BBEEZERT S

s % EAECRAREEE. ThESTESAZSNS
laicit, YOS I&RXBHEEEERT S,

y

P za

y See Chevillat and Ungerboeck, "Optimum FIR Transmitter

ly and Receiver Filters for Data Transmission over
% Band-Limited Channels,” IEEE Trans. Comm.

% Vol. COM-30, No. 8. AUG 1982. pg. 1911. Equ
lation

% 8b.

%

BEESHENRS O —T % AL

>

[

O

% mu = oversampling factor

¥k REZHRIBLITEQOLEEMET S,

¥ 42L& ThiEL, 8SHNITLIZONBE -DAK
mu = Fs / Fb;

goboooano

EN=Hr7NAOT A NIDOES

(¥ = fix(2shalf_lengthsmu) ;

(if (rem(N, 2) == 0)

[ N=N+1:

[end

[

T = 1/Fb;

[

[i = (0:(N-1)).7;
[

Lt_prime =(i- M1 /2 /o
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(54)

(am = 1 - alpha;

@ = 1 + alpha;

[

X1 = sin(pi * am % t_prime);

X2 =4 % alpha # t_prime .* cos(pi #% ap # t_prime);
&3 =pl % (1 - (4% alpha * t_prime).“2) .% t_prime;
[

[z_loc = find(x3 == 0);
nz_lec = find(x3 ?= 0);

if (length(z_loc) == 0)
x = (x1 +x2) ./ x3;
else
$ OkkaREEHNT s nicnoy IlOTHER NS,
x1h = pi # am % cos(pi * am % t_prime);
¥2h = 4 % alpha % (cos (pil % ap # t_prime) ...
-pl % ap #% t_prime .#% sin(pi % ap % t_prime));
x3h = pi - 48 % pi % alpha .°2 % t_prime .°2;

[
[
[
[
[
[
[
[
[
[
[ hz_loe = find(x3h == 0);

[ it (length(hz_loc) == 0)

[ x(nz_loe, 1) = (x1(nz_loc, 1) + x2(nz_loc, 1)) ./ x3(nz_loc, 1);

[ x(z_loe, 1) = (x1h(z_loe, 1) + x2h(z_loc, 1)) ./ x3h(z_loc, 1)

[ else

[ % 0ick2REEHNT ity ) IOEHEERA NS

[ fprintf (' Need to do L'’ Hopital’’s rule twice. Not vet implemented. ¥
n’);

[ end

[end

O
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t = 0;%t_prime * T;
(%x=x. /abs (polyval (x,1));
x=x./(sqrt(sum(x.“2)));

a gooao

O0IZRRE

% BT RNFNRNAIT S,

O 0Ooo0ooo
O 0Ooogoo
O Ooogoo
O O0OoQgogog
OO ogogog
O 0Ooo0ooo
O 0Ooogooo
O Ooogoo
O OooQgoaog
Y [ Y
O 0Ooo0ooo
O 0Ooo0gooo
O Ooogoo
O Ooogoog
O O0OoQgogog
O 0Ooo0ooo
O 0Ooooo
O 0Ooogoo
O Ooogoog
O O0Oogogaog
O 0Ooo0gooo
O 0Ooo0ooo

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

Ooooooooooooooggog
O
O
O
OJ
O
O
O
O
OJ
O

Oooooooooooooogodg
Oooooooooooooogod
OO0 oDoDooogog4gogoooooogod
Ooooooooooooood
Ooooocooooooooogod
Oooooooooooooogodg
Oooooooooooooogod
Oo0DoDoDooogog4gogoooooogd
Oo0oooooooooooood

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O

O0Ooo0o0ooao
OoOoo0oooaoo
OoOoo0oooao
O0Ooo0oooo
OO0Oo0oo0ooo
Oo0Ooo0ooao

O
O
O
O
O
O

O
O
O
OJ
O
O
O
O
OJ
O
O
O
O
O

JP

2004-509552

O

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

A 2004.3.25

O

10

20

30

40

50



e R ey [ s R s [y |

OO0 oooooo4o0ooDooogogooooDooogogooQg
Oo0oooOoooo0ooDooogogoooooogogaoQg
e e e e e ) e s s Y [ |
Ooooooooo0oooooooooooooOgoogao
Oo0ooooooo0 oo oooooooDoooQgogoo-g

O 0OooOgooo
O Ooogoo
[ Y
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooogoo
O Ooogoo
O O0OoQgogog
O 0Oo0ooo
O 0Ooo0ooo
O 0Ooogooo
O Ooogoo
O OooQgoaog
O 0Oo0oo0oo
O 0Ooo0ooo
O 0Ooo0gooo
O Ooogoo
O Ooogoog
O O0OoQgogog
O 0Ooo0ooo
O 0Ooooo
O 0Ooogoo
O Ooogoog
O O0Oogogaog

Ooooooo0oooooooo0DooDooooooooao

OooooogQgoao

Oo0oDooodUoooDoDooUo4dooDooogogogogoooao
Ooooooooooooooooooooooooao
Oooooooooooooo0ooDooooooooao

O oOooo

Ooooooooooooogoooao

O
O
O
O
O
O
O
O
O
]
O
O
O

Oooooood

O
O

Ooooooooooooogogoooao

O Oooooao

Oo0DoDooo4ogUoooooogogooao

O 0Ooo
O 0Oooo
O oOooo
O oOooo
O oOooo
O Oooo
O 0Oooo
O o0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0ooo
O 0Oooo
O oOooo
O Oooo
O 0Ooo
O 0Oooo
O oOooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo

O

OoooocooooooooogoogoooOoao

O 0Oooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Ooo
O o0Oooo
O 0Oooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo

oo ooooooQgoooo
OO0 oo ooooQgoooo
OO0 oo oooogoooo
OO0 oo oDooogogooao

[m]

ood
oodd

OOoo0oooooOooOooOooOoao
O 0Ooo0oo0oooo

|
m|

I [y |
I [ |
[ Y |
OO ogogog
O 0o 0o o
O 0o oOoo
O 0o oo
O Oooo
O O oo
I ) [
O 0o oOoo
O Ooogoo
O Oooo
O O oo
O O g o
O 0o oOoo
O 0o oo
O Ooogoo
I [ [y
I Y o [
O OO o
O 0o oo
O 0o oo
I [ [
I Y [

O
O
O

O
O
O

O

goooooooao

O d

(55)

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
OJ
O
O
O
O
[

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

O
O
O
O
O
O
O
O
O

JP 2004-509552 A 2004.

O
O
O
(]

O
O
O
O

.25

10

20

30

40

50



OoOoooooo0oooooooo0 oo oooooDooDoDooooooooodg

s [ e e e

OoOoooooooooobooooo.:

OO0 o0DoDooo4gogogogooDoooggogg

OooooooooooooooooDoooooooDoooooooooofd

Oooooooooooooogogoao

O Ooooo

O O 0Ooo0oooao

O
O

O

O0Ooo0oooo
OOoo0oooao
O 0Oo0oooaog

(56) JP 2004-509552 A 2004.3.25

gooooao
ood

goboobogao
u

10

oooooooooooooao
oooooooooooao

O
O
O
O
O
O
O
O
O
O
O

ooooooboboooogod

20
gooboobooboboobooban

O
O
O
O
O
O
O
O
O

O Oooo

OO oo
O
O
O
O
O
O
O
O



oooao
R
|
[
ey
2
P
4 .
N
=3
N
i
_ 5
£ /3 IR S
i/ X T E =
AlR | E M

Hihfs 18

|

BII1BIESNIE

E]

.

A
ERICTHENETS

RI#RICFrRIL1

oooao

SN

<

ih

T
ZRREK

FHE
E&IULA

120F v IUC1 2D ISV A

HEIDHTOHNS

34

HU7)IL 38

32

SIF0HL)
1
4T3

=)
&

B—0f

(F1h5. 5aon
RO TOMASA I
ingjﬁl&#ﬁ%&@lﬁlﬂ#

37

N

BEILE 36

4

B/ Fel

=

14

Fig. 1

Fig. 3

& 35300

(57)

JP 2004-509552 A 2004.

ooogad
-_LS1 L
-
2 ) 2o
O
A
2877 DA
s
24 2 fih .
FITE AR 30
RO9ZUTN
Fig. 2
€2 353 00))
ooooao
56
i AN Ty
s sttt SO 1 e
—~hh T aucs | o 50
2EES o2 4
SR =25 | g w5
22 S—hoZABEER 26 AN
R
FLE R
DESOH
S iy P, 1.0 — 58
2. 84 | Tomm e
DETEIE I8 A—R
wERE oo |
P | PTAL P T,0,00 |
lerrs M msom
@) 50
S1IzBY 5 51i lsz S2I<B39%
EykRk—L4 EvRRI—A4
Fig. 4A

3.

25



(58) JP 2004-509552 A 2004.
ooooao oooao
" " ARFE=p®)
151 -
S = Aqcoswi pit) 5z T—JL 80
IRRE —_— ¢
BITCAITE v U
BINGTS \/ 70
EIEIES ’\43'755%(03 5, = | Agcoswtpli} 15, - SiM
; e 2
,;:\I?]?L;bl Agcosutp | @ 68 ¢8 AgHA,
¥ +
LT Al_Az
S Evh 0 i A o
(g fES 0K ARy
| Fig. 5
By Ea—tFa-4
B ~—r] 5 25 0000
. HBRERERS -
D Z Es-t7I-40
e (HBREEFATH) L s, s,
N L TIAGIEN e
L fentia oy
CIAET - .,
“977ﬁ)l«|ﬁa’143'§—71—7\0) AHOEMMEETRY 74 S-5, EO 4, S1t5, _A:+ Azz
nEEETS jé 1:»1 /{\ ) s
Sy~ .
%Oﬁgz?‘ ac 5-% Flg. 6
55157“—(3@2
Oooo0oao
n=ISIO¥ a
K=1-50% 5
S
nid, ER—EORERREBLUAAFTEHO DL T L
HELBLT, T EMTICECINEEENDS 5 .
S -
Kit. BREICETEEENS e at
74 -
ZEarREL—ay e
Fig. 4B éD@
Fig. 7
Oo00o0oao 00000
By 'é
J %0 R i
2EE5 | geEn || BIOESIHTE T el — i1
it eRBRUFI-F| 3 e N
1-H0k%E i 22 2
B — D T %
/ f I T = %
s T o |l R LU
. N , 3 XRL
8 s ryYRLERABYVKLE ¥ 3@z YTab ae #
FisT—ILEER Punvt o2 iR ®
# m mlﬁ ,p*ml\ H\Ji’::\ #® K
2® b |R7R ge e
=L ROX AT RE R
Flg 8 g@'_, Npi! iﬁ&ﬁ Ly
’ TR N iR £5 %
a0y h = |1
# © RN
oooao RYU ] 55 5
B8 (BSH7dBE ™~ aaa g
SUENTIELEE) & BEE
> 5 AV Xx
smEs N _sgBR [T E Txr 2
e 2 i 2 - |y rEor (T
s By N\ 'I—lﬂ \5
we .
| 3 [H
= :
. = " S ID
rOURNERZD VRV Eod el
FBF-NEEW w8 4 @
; B = 1 o i
F‘g. 9 2re i i
35 o L . <
" il o =0
Bl s& X a
X S =z ¥
= N = ®
o 1= s P
-+ '_\:‘: th
Y
L L < o
o N 21|
U -




JP 2004-509552 A 2004.3.25

(59)

@wﬁewmmme@wﬁwu .mi
(0L s BEEE S ¢l ol
VBT f—TOLN GRS

y |+ YYERA—LISIET AL ORI H—TOL N OB
~ (e 2R A - TOL 1G0T HOLTOC VAODHE |
88l EEE — a4 1EIE g oﬁﬂ

ogl
’ /_ 4
el 0L ogl
Nm\r / LW GH—TFY _%NE ‘BEEISH

(P LUFHIEE S E A HELL—T LA el demes

\ Hil ; 3 I
HXHOHLCLET OH —XC\B5
¥ Ab-toriont e ante
OB PRE BT R E
CEXAA-TSOLEWIXINLAL

TN CATM RO LI
A-TFOL-NGOTHE

goodaao

1 B4

i~ TN e EEE | BBEINEOSEY
T—r4Y463 \ - 2IE 28181503 %=

K} f e TH0PH-TQOL-NGOTE CHBHURLOAH-TOLHEYBEE
mmﬁm,m%ﬂ.%dwmw AT AT DA BSGPA-TOL—GOLE

5 142
-

1z

\

[[1]'3
F3240F R IUXI
5.
1-Ho%
98

1NsT

e
o

=3
Q
\.

\ ¥ EEE ERSH :
ORAQH—TOPOIL—NG

-~ e

oz v -

8 ] EYCHEEE BN
~ CEIOA-TOZPOZL Vi U REE EHSH T

FL—ZPEY MCHET B4

RO RHERR

FEEINd1-FUsN

/ OAAOCH-TOLPOLL-L

4 I

oLt

%

SEBRLEHTS

DFRTHI-H
BXIBH—

5

T AT ¥ w NQ\ oL BEE —XEUNPLAL-GH-T \
O e£K06-TF — & -
QOL-NGL02E 4@@%@ bul%n@% 00L FE2E

100
rit} S»
’._>

T
HER
11545

1—HKD
£

HNTBEH0
9

I

152
Tz

U=k,

Bh. AV =504,

WERTIN- L o wlS]
Fig. 13

HRGAT— IRt s

I=HKDI 152~
1S A—3DIZHDHETEER
15945 24

LFI-HHEHO

RO —

HEEEERTIREL
54
A-FKOEHDFEFEEN

O QL-NEGOLE OXANE&£

ooooao



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

ugbooobooodoboado

(60)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT CQOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publieation Date

28 March 2002 (28.03.2002) PCT

OO OO A

(10) International Publication Number

WO 02/25820 A2

(51) International Patent Classification” H3M
(21) International Application Number: PCT/USO1/27574

(22) Internationsl Filing Date:
5 September 2001 (05.09.2001)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
60/233,870 20 Septerber 2000 (20.09.2000)  US
09/923,709 7 Angust 2001 (07.08.2001)  US
(71) Applicant: BAE SYSTEMS INFORMATION AND

ELECTRONIC SYSTEMS INTEGRATION INC.
[US/US]; 65 Spitbrook Road, Nashua, NH 03061 (US).

=== (72) Inventors: LEARNED, Rachel; 14 Florence Road,

Waltham, MA 02453 (US). SU, Joseph; 20 Bloody Brook
Road, Amherst, NH 03031 (US).

(74) Agents: ASMUS, Scott et al.; Maine & Asmus, PO Box
3445, Nashua, NH 03061-3445 (US).

(81) Desiguated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR, BY, BZ, CA, CH,CN, CO, CR, CU,
Cz, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, IP, KE, KG, KB, KR, KZ, LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, PH, PL, PT, RO, RU, SD, SE, SG, SL,
SK, SL, T, TM. TR, TT, TZ, UA, UG, UZ, VN, YU, ZA,
ZW.

{84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS. MW, MZ. SD, SL, SZ, TZ, UG, ZW). Enrasian
patent (AM, AZ, BY, KG, KZ, MD, RU, T1, TM), European
patent (AT, BE, CH, CY, DE, DK, ES. FL, FR, GB, GR, [E,
1T, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BI, CF,
CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD,
TG).

Published:
—  withowt international search report and 10 be republished
upon receipt of thai report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

USER 1
CHANNEL Y
ASSIGN A SINGLE
CHy N USER 2

ANNEL" {OR TOMA
TIME SlDTCer AGIVEN

REQUEN ot
TO MUITIPLE §58)  ALSO ONCHANNELY
SIMULTANEOUS USERS
M “
USER K
ALSO ON CHANNEL

«
<
=
Q
o
7
q
N
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(57) Abstract: A system is provided for increasing the number of users capable of communicating over a wireless network o permit
multiple users to transmit information simultaneously on the same channel or frequency in which a Viterbi decoder-based signal
separation system is used to pull apart or uncorrupt the otherwise interfering signals on the channel. Tn one embodiment, two nsers
are assigned 1o the same channel, with a joint parameter estimation pre-processor being utilized to provide an estimation of the
power, time and frequency offsets and phase of the incoming signals. The joint parameters estimated by the parameter estimation

unit are applied to a signal separator which recovers and pulls apart the two signals. The subject system is capable of accommodating
more than two simultaneously transmitted signals to provide signal packing over existing channels without requiring new waveforms
a through the utilization of stripping techniques and tail chopping techniques so as to minimize the computational Joad involved in

separating the signals.
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TITLE
METHOD FOR OVERUSING FREQUENCIES TO PERMIT SIMULTANEOUS

TRANSMISSION OF SIGNALS FROM TWO OR MORE USERS ON THE SAME
FREQUENCY AND TIME SLOT

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims priority to United States Provisional Patent Application Serial No.
60/233,870, filed 20 September 2000 and United States Utility Patent Application Serial
No. 09/923,709 filed 07 August 2001.

FIELD OF INVENTION

This invention relates to communication systems and more particularly to a method
and apparatus for uncorrupting or separating signals from multiple users transmitted

simultaneously over the same frequency and in the same time or overlapping slot.

BACKGOUND OF THE INVENTION

It will be appreciated that wireless networks have of late become overloaded due to
the increasing number of users seeking to communicate with the cell towers. Various
communications schemes have been proposed in order to multiplex the signals so that a
large number of users can communjcate with a given cell tower. In general for analog
phones, the analog system provides one communication channel per user. As a result the
analog service has become quickly overloaded with the large number of users seeking
access to a cell tower. In order to accommodate the overloaded conditions, time division
multiplexing, TDMA, frequency division multiplexing, FDMA, and code division
multiplexing, CDMA, have been utilized to accommodate many users per tower. By
multiplexing is meant multiple access in which the number of users communicating with
the cell tower are organized so as not to interfere with one another, allowing an equitable

sharing of the channel resource.

JP 2004-509552 A 2004.3.25
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The original premise for TDMA type systems was a 3 to 1 advantage which has in
general been realized. CDMA systems have initially promised a 20 to 1 advantage, but

practically have been able to realize only a3 to 1 advantage.

Additionally, satellite communications have required a certain amount of
multiplexing to be able to accommodaie users seeking to communicate through satellite

uplinks and downlinks.

While the above-mentioned techniques for providing muitiple access have proved
useful in accommodating the increasing number of users, the number of users for wireless
services has increased beyond the capacity of present systems to be able to accommodate’

them.

What is therefore necessary is a system that can accommodate simulfaneous
transmission from multiple users on the same frequency sharing the same time slot or
channel. In order to be able to do this a system is required which can uncorrupt or separate
simultaneously received signals. Not only is such a system required, it is also a
requirement that the descrambling or separation be not computationally complex so that

the computation can be carried out by processors in hand-held wireless units.

By way of further background, the original inception of multiple access (MA) for
the wireless medium was dictated primarily by the need for simple receivers. MA schemes
have traditionally assigned user's waveforms and timing protocols for the sole purpose of
eliminating or minimizing interference among the various users that simultaneously access
a shared wireless channel so that a simple matched-filter receiver can reliably detect any
signal of interest. Specifically, time division multiple access (TDMA), frequency division
multiple access (FDMA), code division multiple access (CDMA) and hybrid schemes
force signals to be orthogonal in which there is no interference whatsoever, e.g. different
users are assigned completely different timeslots or nearly orthogonal wideband signals
such that there is negligible interference between any two signals sharing the same
bandwidth. These systems work well within the primary original motivating constraint,
pamely, lack of computing capabilities in the receiver. Bandwidth, on the other hand, was

plentiful relative fo the original appetite for throughput.
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Many decades later, three trends impact wireless communication: 1.) computing
capabilities have improved many fold, 2.) the requirement for information throughput has
increased exponentially, and 3.) the bandwidth available for typical MA systems has
decreased. The imposition of orthogonal signal assignment.coupled wiih limitations in
available bandwidth result in MA systems that fall far short in capacity or throughput for
today’s needs.

SUMMARY OF THE INVENTION

In order to uncorrupt or to separate simultaneously transmitted signals on the same
frequency a Viterbi decoder is utilized to provide a shortest path procedure te pick a joint
bit stream that has the highest probability of occurrence given the data received. In
essence each of the two or more simultaneously transmitted signals has characteristics
which can be ascerfained which permit the separation of the signals and the descrambling
thereof. It is the recognition that two simultaneously discretely modulated transmitted

signals have enough identifying characteristics that makes possible their separation.

Two signals which arrive simultaneously on the same frequency and not having
vastly different received powers appear so scrambled that neither of the signals is
intelligible. In short, one signal appears as noise to the other signal and vice versa. It has
been found in the subject invention that there is sufficient information on the
simultaneously transmitted signals to perform signal separation through the utilization of a
parameter estimation pre-processor and the utilization of techniques which shorten the
exhaustive search done by a Viterbi decoder in the signal separation process, first by a
hybrid stripping based on power and secondly by inter-symbol interference tail chopping
for the formulation of the receiver detector/decoder algorithm.

Generally, the solution to the problem of increasing throughput without increasing
bandwidth lies in the application of multi-user detection (MUD) theory. Multi-user
detection is described in S. Verdu, Multi-user Detection, Cambridge University press,
1998, Chapter 4, which includes a detailed description of signal separation using an
exbaustive search. This search analyzes all of the possibilities of data points when

multiple signals are combined.
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More generally, the premise behind multi-user detection is not to treat the “other
user” interference as noise. Indeed, the interference is nearly entirely deterministic in that
much is known about the interfering signals such as the symbol waveform, modulation
scheme, and symbol rates. The multi-user detector takes advantage of all that is known at
the receiver about each of the interfering digitally modulated signals.

1t has been found that multi-user detection can: 1.) allow for robust operation of a
communication link in the presence of other user interference, 2.) eliminate weak user
dropout (the near-far problem) in a multiple access system employing “nearly orthogonal”
signaling such as described in the 1S-95 protocol, 3.) eliminate the need for power control
to ensure that all signals are being received by the base station at the same power, and 4.)
increase thronghput since more simultaneous users can co-exist and trapsmit on the same

frequency or channel since intentional interference is allowed.

The subject invention involves improvements made to the theoretical techniques of
multi-user detection to solve the practical problems associated with increasing the number
of simultaneous users for any actual commercial system that employs orthogonal signaling
such as TDMA, FDMA. or hybrid of the two. One such example system that employs
orthogonal TDMA/FDMA is the cellular GSM system in use in Europe and elsewhere.

The present invention solves two challenges associated with the realization of
MUD-based extensions to existing MA. communication systems to allow for a many fold

increase in user capacity.

First, in general, the optimal exhaustive search MUD that can be implemented with
a Viterbi algorithm (shortest path algorithm) is exponential in complexity per bit decoded,
meaning that the number of states per stage, M"(nK), is impractically large when n, the
Tnter-Symbol Interference (ISI) number, times K, the number of users is greater than 12.
Thus, in a practical multi-user environment 1 x K could easily exceed 24 such that the
complexity per bit decoded is many hundreds of gigaflops or floating point operations per
bit. The largest handset computational capacity is on the order of megaflops which will
not support an exhaustive multi-user search signal separator like that in Verdu, Chapter 4.
As will be seen, the subject system reduces n by tail chopping. As to K, a grouping of

JP 2004-509552 A 2004.3.25
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signals based on power reduces K into two or more sub groups, with which each subgroup

containing no more than k users, and for which n x K. is not excessive.

Second, all previously proposed methods to reduce complexity either require that
one design new waveforms that will deviate from existing specifications for existing and
upcoming wireless systems, or allow ad-hoc interference as long as the interfering
waveforms comprise a linearly independent set. The requirement of linearly independent
waveforms does not hold if one were to over-pack a GSM cellular timeslot in a single cell

or an ACES satellite timeslot in a single spot beam, for example.

Note that the subject system does not require the design of new waveforms and
does not require the use of a linearly independent set in order to achieve over-packing for
existing and proposed systems employing orthogonal signaling. Prior to the invention,
such a method of over-packing would require the use of the computationally impractical

exhaustive search optimal MUD detailed in the Verdu text.

The exponential complexity problem has been solved by improving the theoretical
insights corresponding to multi-user detection for asynchronous linearly dependent signals

with intersymbol interference to eliminate this impractical complexity.

The primary reason to reduce complexity is so that real time operation is possible
with state of the art processors that can be inserted into current base stations, user phones,

and other transmit/receive devices that may wish to employ the subject system.

Furthermore, the user phone or small device can tolerate only small increases in
complexity relative to what a base station can tolerate. The present invention involves a
way to pack existing signals into the available bandwidth in such a way as to allow for a
MUD procedure that is as computationally simple. The subject small device receiver
algorithm is as computationally simple as a state of the art receiver and can be

accomplished in real time within present state of the art processing for handsets.
In one embodiment, the subject system consists of the following five core pieces:

1. An asynchronous over-packing scheme for channels in the reverse link (mobile
to base, or small computing device typically associated with the user to big computing
device typically associated with a controller).
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2. A parameter estimation block that proceeds the signal separation block.

3. A signal separation block for the controller (e.g. in the base station receiver)
that outputs the channel bits to be processed by the existing system elements such as de-

interleaving and error correction decoding,

4. A synchronous packing scheme for the forward link (base to mobile or big
device to little device).

5. A signal separation block for the user’s device (e.z. mobile telephone) that
outputs the channel bits to be processed by the existing system elements such as de-

interleaving and error correction decoding.

A sixth power control scheme may be used for improviug the bit error rate both on

the forward and reverse links.

The packing scheme for reverse link channel is very simple. The controller simply
assigns ope or more users to the exact same channel. Thus, in a GSM system, the base
station controller would assign all empty time slots to active users. If a new user requests a

time slot, the controller assigns a time slot that is already occupied.

The parameter estimation block calculates estimates of each user’s received
power, baud timing offset, frequency offset, and oscillator phase. The controller, during
acquisition with a new user, sends the received acquisition signal to the preliminary
parameter estimation sub-block which computes maximum likelibood estimates for
received power, baud timing offset, frequency offset, and oscillator phase. This
information is then conveyed to the parameter refinement sub-block which refines the
estimates of these parameters for the new user as well as the existing user or users in the
shared time slot.

The signal separation block consists of an algorithm which antomatically alternates
between two modes of operation within the receiver. It reverts to a simple stripping
procedure whenever possible when telative received signal powers are favorable to
stripping. Whenever stripping is not capable of giving the required bit error rate, the

receiver reverfs to an inter-symbol interference (ISI) tail-chopped version of the optimum
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asynchronous multi-user detector. Por more than two users, a hybrid between the ISI

chopped optimum multi-user detection and stripping is used.

When the powers of the recovered signals are less than 6dB apart, tail chopping is
used to reduce computational complexity. The stripping procedure has the lowest
complexity of all multi-user detection procedures, but suffers from bad bit error rate nnless
the received powers are greater than 6 dB apart in which the highest power signal

dominates.

The subject inter-symbol interference tail-chopped exhaustive search is an
improvement over the optimal exhaustive MUD detailed in the Verdu text, and achieves a
substantial reduction in complexity by reducing the number of states per stage in the
Viterbi decoder used for finding the maximum likelihood joint sequence. It does so by
ignoring the presence of inter-symbol interference tails in the formulation of the optimum

exhaustive search MUD.

For two or more users packed within the same channel, the gronped hybrid method
is employed. This method groups signals into families according to their received power.
In one embodiment, the lowest power signal in one family must be 6 dB higher than the
highest power signal in the next lowest power family. The ISI-chopped exhaustive search
MUD is performed on one family at a time, starting with the highest power family and
working down in power order. Affer a bit stream is produced for each user in that family,
the received signals are recreated using the entire signature pulse for each user in that
family without the ISI tails chopped. This recreated interference signal is then subtracted
from the original received signal to create an interference-reduced signal. Note, that prior
to recreation of the interference signal, the bit streams may be corrected by applying the
appropriate error correction if feasible. The above MUD-remod-strip procedure is repeated
until all signal families are detected and/or decoded. This block requires all parameters

estimated in the parameter block, along with the total number of users sharing each

‘channel.

As to tail chopping, tail chopping merely requires providing the replica of a user's
signature pulse without tails to the extensive search multi-user detector. Note that when

constructing the trellis (Viterbi decoder) that performs the exhanstive search to determine
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the optimal set of bit streams associated with the received signal comprised of the
aggregate of a number of interfering signals, one must provide a replica of each user’s
signature pulse, and it is this signature pulse which is provided with tails removed to the
Viterbi decoder.

When one provides the complete pulse over its entire non-zero duration, which is
typically more than 6 bit durations for K interfering signals, the resulting Viterbi decoder
will have M"(Kn) states per stage, where M corresponds to M-ary modulation (e.g. M=2 is
binary phase shift keying), K is the number of interfering usess, and n is the ISI number
(e.g. the number of bit durations for which the signature pulse is non-zero).

The computational complexity required for the Viterbi decoder to search all
possible paths corresponding to all possible bit combinations is proportional to the number
M (Kn) which is the number of states per stage of the trellis.

In order realize a significant reduction in computation required per bit, in the
subject invention, a tail-chopped version of each user's signature pulse is provided to the
exhaustive search multi-user detector. In the case where one chooses to set the pulse to
zero beyond the rth bit duration, where r < n, one now has an exhaustive search via a

Viterbi decoder with a reduced number of states per stage in the trellis, namely M"(Kr).

When the user signals are being received with similar powers, this tail chopping
causes negligible degradation in the performance of the, now suboptimal, exhaustive
search multi-user detector, but provides the desired bit streams with a significantly lower
complexity.

In the case where the received signals are separated by a larger power difference,
such as 6-7dB, the error rate in the bit stream associated with the lower power user is
significantly degraded by using the tail-chopped version of the exhaustive search multi-

user detector.

To solve this degradation problem, the subject invention uses a power ordered
stripping technique. When the power separation between highest power signal and the
remaining signals is greater than 6dB then the highest power signal is stripped off with a
full tail, with lower power signals having tails.chopped in the formalation of the Viterbi-
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decoder-based search to eliminate complexity that these tails cause in the optimal signal

separation process.

Thus, in the more general case of making use of stripping to reduce the complexity
consider to the case where any two power-adjacent received signals are separated by a
Jarge amount, ¢.g. 6 dB. In this case one rednces the complexity by stripping off the group
of higher power signals, thus reducing the number, K, of interfering users expected by the
exhanstive search multi-user detector. Specifically, one tells the exhaustive search multi-
user detector that there are only I users, the number of users in the highest power grouping.
In effect, one has decided to treat all other users as background noise. Once these users
have been decoded, they are recreated with full ISI tails and stripped from the received
signal to create an interference-reduced signal, e.g. an estimate of what would have been

received if none of the I signals in the highest power grouping were present.

Since the other users are all much lower in received power, e.g. 6 dB lower than the
lowest power user in the higher power grouping, this sub-optimal assumption causes

negligible degradation to the bit exror rates of the users in the high power grouping.

The benefit of tail chopping and iteratively stripping off users is that the
computational complexity required is at least an order of magnitude lower since the
complexity required is only on the order of M"(Ir) computations per bit decoded. This is
significantly smaller than M"(Kn) since I<K and r<n.

Once the decoded bits associated with the I users in the highest power grouping
have been decoded, the signals are reconstructed using the full signal with the full tails
covering n bit durations and the reconstructed full signals are subtracted from the received
signal. One now has an estimate of the received signal that does not include the I users in
the highest power grouping. The process is then iterated, detecting and stripping off the

next highest power group of signals until there are no more signals left.

In one embodiment, the power grouping is done by the parameter estimation block.
The parameter estimation block must determine each user’s power as part of its function.
It then orders the users by power. Once ordered, the users are grouped together according

to power families for which there must be a large power difference, e.g. 6dB, between the
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lowest power user in one family and the highest power user in the next lower power
family.

If there are only a total of two users, then the power grouping would either separate
the two users in to two “groups” if there was 6dB or greater difference between them, or

group them together in one grouping if there was not.

As to the forward link, the subject synchronous packing scheme for the forward
link allows for a simple signal separation procedure in the user device. Here, the subject
system takes the ability to perform an orderly signal packing in the comtroller prior to
sending the signal out to the forward channel. This is useful in that any timing or phase
offsets are known by the handset prior to parameter estimation.

Note that, the separation algorithm block within the user device may be same as

that in 2 base station.

As a further improvement a power control scheme can be implemented to control
the power at the handsets to provide for groups of received signals based on power levels

o permit more rapid processing by, in effect, reducing K into sub-groups of smaller k's.

The primary benefit of supersaturated communications is a significant increase in
the throughput of existing cellular, PCS, and satellite multiple access communication
systens, as well as systems currently being designed for future use such as next generation
cellular, local wireless loop, and wireless local area networks for wireless intemetworking

of devices or appliances.

In summary, a system is provided for increasing the number of users capable of
communicating over a wireless network to permit multiple users to transmit information
simultaneously on the same channel or frequency in which a Viterbi decoder-based signal
separation system is used to pull apart or uncorrupt the otherwise interfering signals on the
channel. In one embodiment, two or more users are assigned to the same channel, with a
joint parameter estimation pre-processor being utilized to provide an estimation of the
power, time and frequency offsets and phase of the incoming signals. The joint parameters
estimated by the parameter estimation unit are applied to a signal separator which recovers

and pulls apart 2ll the signals assigned to the same channel. The subject system is capable
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of accommodating simultaneously transmitted signals to provide signal packing over
existing channels without requiring new waveforms through the utilization of stripping
techniques and tail chopping techniques so as to minimize the computational load invelved

in separating the signals.
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BRIEF DISCRIPTION QOF THE DRAWINGS

These and other features of the subject invention will be better understood in

connection with the Detailed Description in conjunction with Drawings of which:

Figure 1 is a diagrammatic illustration of multiple wireless users simultaneously
communicating with a cell tower on a single frequency or channel, with the received
signals being sorted out at a base stafion by signal processing to uncorrupt the interfering
signals;

Figure 2 is a diagrammatic illustration of two signals sent at the same time on the
same frequency and in the same time slot if TDMA is used, with the result being a

corrupted or scrambled and undecipherable result;

Figure 3 is a diagrammatic illustration of a prior art system in which digitally
encoded in-phase and quadrature signals are detected using matched filters typically
having a root-raised cosine filtering characteristic in which the iu—i;hase and quadrature
compouents are sampled at the bit rate to provide either +1 or -1, with the sign of the bits

conveying the transmitted information;

Figure 4A is block diagram of the present invention illustrating the transmission of
two signals simultaneously on the same channel or frequency to a base station in which the
individual signals are separated by first using a joint parameter estimation unit and
providing these parameters in refined form to a signal separation unit which utilizes a
Viterbi detector, an exhaustive search, and a method to limit the exhaustive search by ISI
tail-chopping and stripping techniques;

Figure 4B is a detailed block diagram illustrating an implementation of the multi-

user detection system of the present invention;

Figure 5 is waveform illustrating the existence of identical signals and the effect of
a tail of a preceding portion of the sigual;

Figure 6 is a of vector diagram illustrating the result of combining 2 BPSK in-
phase detected signals, illustrating regions of uncertainty as to the data points;

Figure 7 shows two vector diagrams for two different signal realizations for {Si,

Sz} of the received constellation illustrating in two dimensions the uncertainty of the data

12
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peoints in the received constellation which is the result of the detection of simultaneous

sigoals on the same channel or frequency but with arbitrary relative phases;

Figure 8 is a block diagram illustrating one techmique for decreasing the
computational complexity of signal separation in which the signal representing the highest
power user is stripped off, if it is more that 6dB higher in power than the second highest
power signal. This is fOIlO\‘V&d by processing the remaining signals with an exhaustive
search multi-user detection algorithm in which inter-symbol interference tails beyond r

symbols are ignored;

Figure 9 is a block diagram illustrating that if the interfering signals are not
separated in power by a pre-determined amount (e.g. 6dB), then an exhaustive search

multi-user detection technique is applied;

Figure 10 is a block diagram illusirating that the number of signals currently
assigned to a traffic channel is utilized in joint multiple-user parameter refinement along
with single user parameter estimates and the received signals to provide parameters to the

joint multiple-user signal demodulation section;

Figure 11 is diagrammatic illustration of the wtilization of stripping in which

various groups of users are processed separately based on power;

Figure 12 is a diagrammatic illusiration of the utilization of inter-symbol
interference tail modification in the formulation of the optimum asynchronous multi-user
detector, followed by remodulation which recreates received signals with full inter-symbol
interference tails for users in the current grouping so as to achieve au estimate of the
received signal if the only users present were those having powers below those in the

current grouping; and,

Figure 13 is a block diagram illustrating the joint parameter estimation process.

13
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DETAILED DESCRIPTION

Referring now to Figure 1 what is shown is a typical GSM system in which in-
phase and quadrature components of the transmitted signals are recovered to provide a bit
stream which conveys the information transmitted. Here a network 10 is utilized to
trapsmit the information to and from multiple users 12, 14 and 16 and a base station 18
through a wireless communication network to and from a cell tower 20. The ability to
overuse frequencies is depicted by a situation in which there are multiple simultaneous
users all assigned to a single channel or TDMA time slot at a given frequency. Thus User
1 transmits on Channel 1, as does User 2 and all other users assigned to that channel, up to
User K. It is the purpose of the subject system to sost out the interfering signals with
signal processing at the receiver, in this case at the base station. It will be appreciated that
identical processing is carried out in each of the handsets so that full duplex, two-way
communication can be achieved by multiple users on both the forward and reverse
channels. By so doing, the channel capacity of a tower, a satellite or other transmit/receive
point can be augmented by the amount or the number of users that can simultaneously

utilize a given channel.

Referring to Figure 2, if two users, here illustrated at 22 and 24, were 10
simultaneously fransmit information over the same frequency, a base station 26 coupled to
a matched filter 28, in turn coupled to a decision unit 30 would provide as an output
hopelessly corrupted signals. The reason is that the individual signals would be interfering
with each other. In present systems, signals are intentiomally coordimated to avoid
interference because if one signal were to interfere with another signal and if no attempt
was made to remove interference or to disambiguate the signals, the demodulated signal is

corrupted beyond recognition.

1t has been found, however, that there is a significant amount of information carried
by each of the signals which can be utilized to identify the signals and to separate them to

provide intelligible information,

Referring now to Figure 3, the case is illustrated where there is one signal per
channel. Here a transmifting source 32 transmits to a receiver 34 utilizing an in-phase,

quadrature modulation scheme with a root raised cosine trapsmitter filter. A matched filter
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36 is provided with a root raised cosine filter. This is followed by 37 in which they are
separated, then in-phase and quadrature components sampled at 38 and in-phase and
quadrature sample streams in which the information is carried in the sign of the samples.
In the illustrated example the bits are either -1 or 1, with the in-phase and quadrature
signals from the matched filter being sampled by clock 40 at the bit rate. These in-phase
and quadrature signals are then supplied to an interleave re-assembler 42 which results in a
demodulated output 44 corresponding to recovered in-phase and quadrature components of

the modulated signal.

Referring now Figure 4A, in one embodiment, in the subject system two or more
simultaneous signals are transmitted from handheld units 22 and 24 to a base station 26.
Here, the output from the base station is supplied to a joint parameter processing nnit 50
which seeks to recover all relevant parameters of both signals in terms of power, offset and
oscillator phase. As will be described, processor 50 may provide these joint parameter
estimates through an estimation process. As illustrated at 52, a ’power, offset and phase
detector is utilized to provide an initial estimate of parameters from signals on the
acquisition channel. Note, that detector 52 operates by calculating the parameters during
the acquisition phase in which the new transmitter sends its signal over the control channel

54 without any interference from other users in that channel.

1t will be appreciated as illustrated at 56 that base station 56 assigns two users to
the same channel, with the number of signals on the same frequency 58 being derived
therefrom. This information is passed to the joint parameter estimation processor 50 and
signal separator 60 so that the appropriate estimations are provided to signal separation

unit 60.

The output of the base station, namely the scrambled signals, are coupled to signal
separation unit 60, the operation of which will be described hereinafter. Utilizing the
power, offset and phase estimations, signal separation unit 60 disambiguates or recovers
the data streams corresponding to the two signals based on multi-user detection techniques.
It employs an exhaustive search algorithm which, in essence, runs through all the
possibilities of data points in a received constellation and determines which data points

belong to which signals. The ability for this algorithm to sort out the various data streams
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from the corrupted received signal is due in part, to the different powers, offsets, and
phases. As can be seen in Figure 4B, the description of multi-user detection is in
accordance with the Verdu text, Chapter 4.

The minimum bit error rate multi-user detector can be implemented by a dynamic
programming algorithm that carries out an exhaustive search of all possible bits streams for
all interfering users jointly to ascertain the most likely bit stream for each user. Having
assigned bit streams to users means that the transmitted information corresponding to each
interfering user is separated. The exhaustive search carries out two independent iterations
each of which requires a computational effort proportional to the number of stages and to
the number of states per stage M™". Therefore the complexity per bit is on the order of
M.

1t will be thus appreciated that the exhaustive search algorithm utilized to determine
which of the data points pertain to which of the interfering signals requires an extensive
amount of computation power. In general, multi-user detection has been accomplished
with relatively massive computers. Such intense computations cannot presently be carried
out by the CPUs within handsets or within the base station. It is therefore important to be
able to cut down on the exhaustive search in order to be able to implement the signal
separation bits in a handheld unit and in real time at the base station.

Referring now to Figure 5, how the computational reduction is accomplished is
pow described using a simplified example. It will be seen that two waveforms 62 and 64,
having identical phases, exist in respective envelopes, are summed as illustrated at 66 and
are extracted by filter 68 and then sampled at 70. The result has four possible values +A; +
Ag, +A1 - Ay, -AqtAg, o1 A - A;. These components can be plotted as data points in a
received constellation and as illustrated in Figures 5, 6 and 7 where each shows a different
phase and power relationship between the two signals.” There is a certain amount of

uncertainty as to these data points due to background and receiver noise as illustrated at 74.

It is the purpose of the exhaustive search, in effect, to be able to provide an estimate
of the actual data point in the received coustellation and it is this search that must be

heavily curtailed or refined so as to reduce the computational load.
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One of the contributors to the total number of the data points to be searched is the
length of the inter-symbol interference tail, here illustrated at 80, which will be seen to
exist from a latter portion of the signal 84 and is interfering with the main portion of pulse

82.

As one of the aspecis of the subject invention, this tail is ignored to provide a more
amenable number of data points in the received constellation. Specifically, this

corresponds to less states per stage in the search trellis or Viterbi decoder.

It will be appreciated that the effect of the fail of one user on the succeeding main
portion of the pulse corresponding to the other user is power dependant. For instance, if
the power of the signal which is interfering is relatively low compared to the highest power
signal, then the effect of ignoring the lower power signal tail is minimal on the exhaustive
search process results pertaining to the highest power signal. On the other hand, the effect
of ignoring the high power signal tail is catastrophic on the results of the exhaustive search
that pertain to the lower power signal. If both signals are received at relatively similar
powers, then ignoring the tails causes only negligible increase in the size of the uncertainty
cloud around each point in the constellation, while dramatically reducing the total number
of points that must be searched. What this means is that the exhaustive search need not go
through a tremendous number of possibilities in order to assign a data point to a given

signal if ISI tails can be ignored.

The two techniques of ignoring inter-symbol interference tails beyond r-symbols,
r<n, and the use of a stripping techunique to strip off the highest power user or group of
users are illustrated in Figure 8. Here the simplest rendition is shown for which the highest
power user is stripped off at 86 prior to the exhaustive search multi-user detection being
performed, as illustrated at 88. It will be appreciated that in the exhaustive search multi-
user detection inter-symbol interference tails beyond r bit durations are ignored. The
combination of the stripped-off highest power user and the ignoring of the tails reduces the
computation load by, in general, at least five orders of magnitude in the recovery of the

various bit streams, here illustrated by By and Ba...Bg.

17

JP 2004-509552 A 2004.3.25



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

20

25

(78)

WO 02/25820 PCT/US01/27574

As illustrated in Figure 9, if the signals are of the same power, there is no stripping
and the exhaustive search multi-user detection 88 is performed, again ignoring interference

tails.

Referring now to Figure 10, more particularly, base station controller 90 provides
the received signal in the acquisition channel over line 92 to a standard single user
parameter estimation unit 94 which is in turn coupled to a joint multi-user parameter
refinement and user grouping unit 96. Also, an input to unit 96 is the number of signals
currently assigned fo traffic channel X as illustrated by line 98.

The received signal in traffic channel X is delivered over line 100 to umit 96 and to
a joint multiple-user signal demodulation unit 102 which requires the output 104 of the
parameter refinement and user grouping unit.

Note that the standard single user parameter estimation unit is coupled to the joint

parameter refinement and user grouping unit 96 via a line 106 which provides to this unit

initial estimates of power, carrier phase, carrier offset, and timing offset. The output of the

joint multipl p refi and user grouping unit is a set of improved
estimates of power, carrier offset, and timing offset for all the signals in traffic channel X.
These five parameters and user groupings are utilized by the joint multiple user signal
demodulation unit so as fo be able o oufput a raw bit stream for user 1, user 2...user K,

representing the separated signals.

1t will be noted that unit 96, also functions to determine a grouping of the incoming

signals in terms of their relative power.

1t will be appreciated that the raw bits strears may be run through the remaining
processing already present in the system such as the deinterleaving, exror correction

decoding and other filtering techniques.

Referring now to Figure 11, the joint multiple user signal demodulation system is
described. Here joint multiple user signal demodulation unit 102 has an input which is the
received signal in channel X, here illustrated at 100. As will be seen, the received signal is

applied to a joint demodulation, remodulation, stripping and user grouping uanit 110 which
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in essence processes a first group of gl incbming signals which have been grouped

according to power.

The output of User Group 1 unit 110 is an estimate of the received signal if the only
users present were those having received powers below those in the first grouping. This
output is then applied to a joint demodulation, remodulation stripping unit for User Group
2 as illustrated at 112, the output of which, again, is an estimate of received signal if the

only users present were those having received powers below those in the second grouping.

The process is iterative such that for all user groupings up to user grouping L the
process continues until the signals are processed for user grouping L as indicated at 114. It
will be noted that the output of each of units 110, 112 and 114 are raw bit streams for all
users in the particular groupings. For instance, the output on line 116 is the raw bit stream
for all q1 users in the first grouping, on 118 the raw bit stream for all q2 users in the

second grouping and on line 120 the raw bif stream for all gL users in the last grouping.

Referring now to Figure 12, the operation of a joint demodulation, remodulation

and stripping unit is described.

Here input signal 100 is applied to an optimum asynchronous multi-user detector
130 for a user in a current grouping, in this case the first grouping. This unit also takes

into account IST tail modifications.

The optimum asynchronous multi-user detector or MUD 130 is the unit which
performs the multi-user detection utilizing the techniques described in Verdu, Chapter 4
and in this case ignores the existence of intersymbol interference tails that exists beyond
the appropriate number of symbols, say, r. This is done to significantly reduce the
computational complexity of the exhaustive search provided in this unit.

As indicated in Chapter 4 of Verdu, the multi-user detection algorithm requires the
knowledge of received powers, phases, frequency offsets, and timing offsets for all users
sharing the channel which is the output from the joint parameter estimation procedure. In
addition, user-grouping information is also passed over line 104 to unit 130.

From this information unit 130 determines the g1 signals to be processed and the

K-ql signals to be ignored at this stage. By grouping together a small subset, g1, of the
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total number of users, K, one reduces the complexity of the optimum asynchronous multi-
user detection and results in complexities M % * T where q1 is the number of users in this
first sub-group. Recall that r is used to denote the reduced ISI number which is less than n,

the actual ISI number.

It will be appreciated that the output of unit 130 is a raw bit stream for all users in
the current grouping as illustrated on line 132, whereas another output of unit 130 is
applied to a unit 134 which remodulates and recreates received signals with full ISI tails
for users in the current grouping.

The purpose of unit 134 is to recreate. the received signal that would be present
when the only users transmtitting are those associated with the first grouping. Note that
each user's signal is recreated with the full extent of ISI tails. This operation is
accomplished at 136 such that the output at 138 is an estimate of the received signal if the

only users present were those having received powers below those in the first grouping.

It will be appreciated that the signals at output 138 are those which correspond only
to a smaller number of transmitting signals. For example, if Figure 12 were to represent
the joint demod-remod-strip block associated with the first user grouping, output 138
would correspond to only K-q1 usets.

It will be appreciated that block 110 is repeated in order to stepdown a number of
users so that the computational complexity of the optimum synchronous MUD is
significantly reduced. The overall result is to reduce the computational complexity by at

least five orders of magnitude when power grouping is possible.

It will be appreciated that in order for the optimum synchronous multi-user
detection unit to operate properly, it is hmpostant that the inpuis thereto be accurate in
terms of the receive powers, phases, frequency offsets and timing offsets of all of the users

sharing the channel.

In essence there are two ways in which to estimate the above parameters. The first
is an apriori way of estimating the parameters as illustrated by unit 94 which assumes a
single user exists in the acquisition channel. Unit 94 performs a simple parameter

estimation based on the signals in the acquisition channel. It will be noted that when a
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phone is turned on, the phone must communicate to the base station over the separate
acquisition channel prior to being assigned to a traffic channel. If a user is all alone, the
parameter estimation unit 94 can ascertain power, timing offset and frequency offset with
state of the art technology. It is these signals which can be utilized to establish apriori an
initial estimate of the powers, frequency offsets and timing offsets of all users sharing the
chanpel. This system of parameter estimation works because only a single user is allowed

to transmit over the acquisition channel at any time.

It will be appreciated that only one user seeks to join the system at one given time.
The result is that if one user is utilizing a giveﬁ traffic channel and another user seeks to
communicate with the base station, assuming that the base station has run out of available
traffic channels, the second user can have its parameters ascertained in the above manner
and then be connected over the same traffic channel. This is a continual process upon the
access of an additional user on the traffic channel. Once a user hops off the acquisition
phase over to the iraffic channel, his or her parameters are refined. This is accomplished

by unit 96 of Figure 10.

The joint multiple user parameter refinement and user grouping unit 96 calculates
an estimate of phase and refines initial estimates of power, carrier offset and timing offset
as illustrated in Figure 13. While it is indeed possible to use unrefined parameters for
signal separation, it is more useful to further refine these parameters so that a more robust
signal separation can be accomplished by optimum asynchronous multi-user detector 130

of Figure 12.

Referring now to Figure 13, how the refinement is accomplished is now described:
As can be seen, incoming signal 100 here illustrated by r(t) goes to a vnit 140 which
functions to isolate the training sequence portion of the corrupted signal. In one
embodiment of the subject invention a training sequence is established during acquisition
by base station 26 of Figure 4A, which assigns a unique fraining sequence to each user that
is assigned the same traffic channel. The system uses the training sequence to allow for
tracking of bit timing offset, a frequency offset and phase. Thus during acquisition the
base station communicates with the handset to synchronize its timing with that of the base

station, and, in effect, with the timing of the other users already in the traffic channel that
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will also be assigned to this new user. This is accomplished traditionally in any TDMA
based commercial cellular or satellite system. This training sequence is utilized
additionally in the subject system to provide means of separating the individual signals so

that one can ascertain refined parameter estimates.

Thus, as illustrated at 140, the received signals are isolated based on zeroing out of
the portions of the signals cotresponding to the data bits, leaving the portions of the signal
relating to training bits only as an output. The training sequence portion of the received
signal corresponding to the transmitted signals occupying traffic channel X is illustrated at
142 and 144, with the zeroing out of the signal due to the data portion of the received
signal.

The output of unit 140 is applied fo a summing junction 146. At 148, signals
corresponding to the training sequence portion of all user signals that were previously

assigned to same traffic channel are recreated.

Thus the output of 148 is an estimate of the training sequence portion of the
received signal due to all of the users minus the newest. At 146, the estimate of the
training sequence portion of all but the newest user is subtracted from the training
sequence portion of the received signal that contains all users including the newest. The
result, on 150 is an estimate of the training sequence portion of the received signal that
would be present if only the newest user were to exist alone on channel X. This is applied
over line 150 to a maximum apostiori estimator for a user K's parameters, given the known
training sequences and initial estimates for user K's parameters found during the
acquisition stage, namely received power, oscillator phase, timing offset and frequency
offset. This is accomplished by unit 152.

It will be appreciated that the information over line 150 reflects what the received

signal would have been during the training sequence portion if only the newest user were’

present. Thus the above processing appears to unit 152 as if the other signals were not
there. Note, unit 152 takes up where unit 94 left off. It will be remembered that the
standard single user parameter estimation unit 94 assumes that there was only one user per
channel, which was true because in the acquisition phase, there is only one user per

channel.
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Now unit 152 utilizes the initial information based on the traffic channel and
permits the refinement of parameters which are useful in separating the signals in the

traffic channel.

In estimation theory, it is well known that the quality of the parameter estimates
measured in error variance of the estimate is inversely proportional to the duration over
which the parameter estimation process is allowed to continue. In short, the longer you

look, the better the parameter estimates.

What therefore takes place in the estimator 152 is that given the number of users
assigned to the traffic channel as illustrated ove; line 98 and the initia] estimates for each
user, namely timer offset, frequency offset, power and phase, as illustrated on 106,
estimator 152 continues t0 run, finding the improved estimates of the parameters of all
signals on the communications channel assigned until adequate quality is obtained. This is
done by refining the parameters of each user one at a time, always giving preference to the
newest user to join channel X, but taking turns fo further refine each of the parameter sets

corresponding to each user on channel X.

More particularly, the estimator operates as follows: The system initially takes in
the prior estimates and puts them aside temporarily. Then it takes the interference adjusted
signal 150 that corresponds to the training sequence portion of the signal transmitted by the
new user only. It observes this signal over multiple burst periods, meaning a
predetermined short time interval to be used to calculate another set of parameter
estimates. In this predetermined interval or window, phase, power, timing offset and
frequency offset is determined in exactly the same manner as illustrated at unit 94, Figure

10. This assumes the training sequence noted above.

At this point, one has set aside the original estimates and, in addition, has a second
set of estimates independent of the first set. The system averages the two to get a befter
estimate. This process is repeated, adding the new estimates based on the new intervals or
windows with the appropriate weighting to reflect an evenly weighted average or giving a
heavier weighting to more recent estimates. A maximum number of consecutive estimates

is averaged iteratively until the desired accuracy is achieved.
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It will be appreciated that the multi-user detector needs estimates as scon as
possible, preferably in real time and cannot wait until such time as an exiremely large
number of averages have taken place. In the subject system, the parameter refining unit
outputs refined estimates at one time, but then keeps refining the estimates over a longer
period of time so that as the system continues to aperate, the estimates will become more
and more refined, while at the same time providing real time estimates to the multi-user
detector. Once a good quality estimate has been made for the newest user to join channel
X, block 148 switches over to subtract out all but one of the older user’s signals on channel
X 50 as to allow a parameter refinement associated with this user. This process is repeated

50 that all users parameters are refined in turn.

It will be appreciated that as ope continues to average over successive time
intervals, there will become a collection duration when an optimal averaging takes place
for the given system. At this time, estimates based on prior collection intervals are tossed
off or removed so that the estimation becomes as current as possible given the changes in
the signals over time. This is refetred to here as tracking. Thus the estimator 152 refines
the parameter estimates with a sliding window of collected data so as to allow the
estimates to vary with time. In addition, at any given point in time, up to date estimates of
any of the K users assigned to channel X are being sent over 106 to the signal separationt
block as well as being fed back into 148. The final result is that, on as close to a real time
basis as possible, high quality parameter estimates are fed over 106 fo the signal separation
block.

1t will be appreciated that not only is the above parameter estimator useful in the
separation of the signals which are simultaneously assigned to a given traffic channel, the
estimator is also useful for every kind of multi-user detector which attempts to separate
interfering signals, intentionally made to interfere or not. Thus the mazimum apostioti
estimator is used for not only the multi-user signal demodulation system described as the
preferred embodiment hereof, it may be utilized in any case where any type of multi-user

detection or stripping of signals is required.

As a further aspect of the subject invention, the subject system can be made to

operate even beiter through a power control scheme in which the power of an individual
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handheld units is more carefully controlled to enhance the performance of the signal

separation block. The parameter estimator can therefore function to provide estimates of

the powers of the individual signals so that their power can be carefully controlled in a

closed loop overpacked system.

Source Code for the subject hybrid multiuser detector is now presented:

Hybrid Multi-user Detector:

Mud_demod.m

function mud_demod(paramflag,demoflag,nbit,mud_demod)

%omud This program implements the MUD algorithm.

% Iuputs: traffic out of the downlink avd an estimated parameter file.

%  The traffic file is called bfn_dChOut.mat, and the estimated

%  parameter file is called bfn_estParams.mat, where bfn stands for the

%  base file name chosen by the user in inParams.m.

%INPUTS

% paramilag: When set to 1,use output from the parameter estimation routin
% ‘When set to 0, use the grouth true

% Defaulted to 0 ( since the parameter estimate is not quite perfect yet)
% demoflag: When set to 1, the viterbi save the state in the surviving path;

% When set to 0, the viterbi save the bit sequence in the surviving path
% to save memory for running case with more than 2 users

% Defaulted to 1

% obit: When set o inf, process the entire file.

% When set to K (integer) process only K stage for quick look on the
% the large case scenario.

% Defaulted to inf;

% mud_demod: hybrid or demud only

% .

% .

% K_est is a scalar integer representing the estimate of K (number of transmitters in

A 2004.3.25
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%  the signal).

% tau_estis a K_est by 1 vector of floating point estimates of the burst delay (tau)

% T estis a K _est by 1 vector of integer estimates of T (stagger offset).

% dChOutData is the signal out of the downlink channel module. It is a 1 by L vector of

%  floating point time samples.

%
%OUTPUTS )
% demodQutData is a K_est by L matrix of floating point time samples.

if nargin < 1 % when not specified by user set demoflag to be 0
paramflag=0;
demoflag =1;
nbit = inf;
mud_demod=1;

elseif nargin < 2 % when not specified by nser set demoflag to be G
demoflag =1;
nbit=inf;
mud_demod=1;

elseif nargin <3 % when not specified by user set demoflag to be 0
nbit=inf;
mud_demod=1;

elseif nargin < 4 % when not specified by user set demoflag to be 0
mud_demod=1;

end

demoflag
paramflag
nbit

mud_demod

ZINITIALIZATION
global batchMode baseFileName
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system_constants_init; % get global system variables

if isempty(batchMode)
batchMode=0;

end

mFilePath=pwd;

cd..

if exist('outputFiles'}~=7
mkdir(‘outputFiles');

end

cd outputFiles;

outPath=pwd;

%LOAD ESTIMATED PARAMETER FILE
if batchMode~=1 '
[filename,pathname]=uigetfile(™_estParams.mat','Select an Estimated Parameter File');
baseFileName=strtok(filename,’ );
cd(pathname);
filename=sprintf('%s%s_estParams.mat’,pathname,baseFileName);
else
if exist(baseFileName)~=7
mkdir(baseFileName);
end
cd(baseFileName);
pathname=[pwd \');

% when parameter estimate is ready
filename=sprintf('%s%s_estParams.mat',pathname,baseFileName);

end

%LOAD SIGNAL FILE
sigfilename=sprintf('%s_dChOut.mat',baseFileName);
load(sigfilename, dChOutData");

if nbit ~= inf

2004-509552 A 2004.3.25
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dChOutData=dChOutData(1:nbit*4); % debugging purpose
end
L = max(size(dChOutData));
cd(mFilePath);

[bitinfo,tau_est,A,_est,K_est,sidx,signal_delay,T,TSC,unbias_tan])=premud(filename,L,par
amflag);

%

% echo these
T

TSC

unbias_tau

% record the index for later use (bitinfo can be altered)
keep = zeros(size(bitinfo));
small=size(keep,1);
startidx = zeros(K_est,1);
for ik = 1:K_est
keepidx = find(bitinfo(:,ik)==2);
small = min(length(keepidx),small);
keep(1:length(keepidx),ik)=keepidx;
starttmp =find(bitinfo(:,ik)); %
startidx(ik) = starttmp(l); % first non zero index use in the demud only mode
end

keep = keep(1:small,:);
% replace training bitinfo with regular data effeectively turn off the training debug

%bitinfo(find(bitinfe))=2;

bitinfo(find((bitinfo ~=3)& bitinfo))=2; % jo add bit type of 3 as transition bit for
corrlation

outPath={outPath \' baseFileName];

if mud_demod % hybrid mud and demud mode ‘

28
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%THE MEAT OF THE PROGRAM GOES BERE.
[mazA,maxldx]=max(abs(A,_est));
thr=.5*maxA;
nogo=0;
newset={];
for i=1:length(A_est),
if i~=maxIdx,
if(abs(A_est(i))>thr),
nogo=1;
end
newset=[newset iJ;
end
end
if ~mogo,
rrcos=sqrircos(L,_HALF,ROLLOFF,FB,SAMPLERATE);
rreos = 1reos(:).
rx_filter_delay = (length(rreos)-1)/2;
mf=conv{dChOutData,conj(flipud(rrcos(:))));
phase=[conj(A._est(maxldx));conj(j*A_est(maxIdx))]./abs(A_est(maxldx));
ioffset=signal_delay+rx_filter delay+1+round(tau_est(maxIdx)*4);
k=1;
i =joffset:4:length(mf);
Y = zeros(1,length(i));
for i=ioffset:4:length(mf),
if bitinfo(k, maxldx)==3,
temp=phase(1);
phase(1)=phase(2);
phase(2)=temp;
end
if bitinfo(k,maxldx)==0,
A=D;

else

2004-509552 A 2004.3.25
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A=phase(mod(k-1,2)+1);
end
Y(k)=real(A*mif(i));
if Y(k)>0,
Y(k)=1;
end
if Y(i)<0
Y(o=-1;
end
k=k+1;
end
I=find(bitinfo(:, maxldx)==0);
T=I(find(difi()>1))+1;
H(I(~=1),
I=[1 ;10J;
end
st=signal_delay+tau_est(maxIdx)*4+1;
for i=1:length(II),
ed=II(j)+NUM_BURST_BITS-1;
if TI(i)>=length(Y), )
break;
end
if ed > length(Y),
ed=length(Y);
end
s=ogpskmod(Y (1I{i):ed),SAMPLERATE,rrcos)*sqri(2);
sd = A_est(maxldx)*s;
x=st+(I1(i)-1)*4-24:st+(I1(i)-1)*4-24+length(sd)-1;
if x(length(x))>length(dChOutData),
T=max(find(x<=length(dChOuiData)));
x=x(1:1IT);
sd=sd(1:11T);

end
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if ~isempty(x),
I=find(x>0);
dChOutData¢x(1))=dChOutData(x(I))-sd(I);
end
end
A_est=A_est(newset);
tau_est=tau_est(newset);
bitinfo=bitinfo(:,newset);
end

if ~isempty(A_est),

[demodOutData2,multiplex_bitinfo]=asyncmud(dChOutData.\,A_est,tau_est,bitinfo,signal
_delay,demoflag); .

end

if ~nogo,
if isempty(newset),
demodOutData2=Y;
else
demodOutData2=[demodOutData2;zeros(1,size(demodOutData2,2))];
for i=size(demodOutData2,1):-1:maxIdx+1,
demodOutData2(i,.)=demodOutData2(i-1,:);
end
demodOutData2(maxIdx,:)=Y(1:size(demodOutData2,2));
end
end

else % demud only mode
rrcos=sqrircos(L._HALF,ROLLOFF,FB,SAMPLERATE);

rrcos = 1rcos(:).;
1x_filter_delay = (length(ircos)-1)/2;

31
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mf=conv(dChOutData,conj(flipud(rrcos(:))));
for fusr = 1:K_est

phase=[conj(A_est(iusr));conj(i*A_est(iusr))]./abs(A_est(insr));

ioffset=signal_delay+rx_filter_delay+1+round(tau_est(iusr)*4);

k=1;

i =ioffset:4:length(mf);

availbit = length(i);

if fusr == 1 % the least delay is the longest use it to allocate space
demodOutData2= zeros(K_eststartidx(1)+availbit-1);

end

Y = zeros(1,length(i));
for i= joffset:4:length{mf)

if bitinfo(k,iusr)==3,
temp=phase(l);
phase(1)=phase(2);
phase(2)=temp;

end

if bitinfo(k,usr)==0,
A=0;

else
A=phase(mod(k-1,2)+1);

end

Y(k)=real(A*mf(i));

if Y(k)>0,
YR)=1;

end

if Y(k)<0,
Y(k)=-1;

end

k=k+1;

end

32
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%demodOutData2(iust,startidx(iust)+(0:length(Y)-1)) = Y;
demodQutData2(iusr,(1:length(Y))) = Y;

end % for iusr
end

% stripping training tailing and zero bits
L2 = size(demodOutData2,2); % demod is row otiented

[maxdelay, usrmax] = max(keep(1,:));
tmp =find( keep(:,usrmax)<=L2);
L1 = tmp(end);

demodOuiData=zeros(K_est,L1);

% reorders as the orignal order
forik = LK_est,
demodOutData(sidx(ik),:) =demodOutData2(ik keep(1:L1,ik));

end

rawber =NaN;
txbitfilename=sprintf('%s_txBitsOut',baseFileName);
cd(outPath);

load (txbitfilename)

if exist('rawTxBitsOut')
% do mud error analyiss prior to channel decoding
% encode and precode data bits
% decode epough to do analysis
txbitfile=sprintf(’./%s_txBitsOut.mat’baseFileName);
load (txbitfile);
compare_Jength = min( max(size(rawTxBitsOut)), ...

max(size(demodOutData)));

33
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% in number of bits

tusr=size(raw TxBitsOut,1)
pusr=K_est
if tasr ~=pusr
disp('Warning # estimate users is not equal to truth # users');
end

minusr = min(tuss,pusr);

rawber = cumsum ...

(rawTxBitsOut(1:minusr,1:compare_length)~=demodOutData(l:minusr,1:compare_length
PR

% in fraction

for icol = 1:size(rawber,2)

rawber(:,icol) = rawber(:,icol) ./ (1:compare_length).’

end

figure;plot(rawber,™");

disp(RAW BER in Fraction');

rawber(compare_length,:)

disp(RAW BER in Bits");

rawber(compare_length,:)*compare_length

end

%SAVE TRANSMITTER OUTPUT DATA
outFileName=sprintf('%s_demodOut'baseFileName);
save(outFileName, 'demodOutData');

% auxiliary information for debugging
auxFileName=sprintf('%s_demodOut_aux'baseFileName);
save(auxFileName, ...
‘paramflag','demoflag’, nbit’,...
‘bitinfo','tau_est','A_est,'K_est''sidx’,...
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T, 'TSC', unbias_tau,...
rawber);

cd(mFilePath);
premud.m

function [bitinfo,tau_est,A_est,K_est,sidx,signal_delay,T,TSC,unbias_tau]=
premud(fname,Lparamflag)

% function premud(fname)

% preprocessor for MUD; generate bit info need by MUD
% paramflag 1:takeinfo from parameter estimate output
% paramflag O:take info from parameter file

%

system_constants_init; % get global system variables
if ~paramflag % using truth parameter file
basefname=strtok(fname,'_");
parafile = sprintf('%s.mat’,basefname);
gainfile = sprintf('%s_trneAQut.mat'basefname); % file contain actual gain

Yload parafile to get frame information

%if exist(['/OutputFiles/ parafile]) ~= 2
%if exist(['/ parafile]) ~= 2
if exist(parafile) ~= 2
%disp(["/" parafile, missing]);
disp([parafile,’ missing']);
bitinfo=[];
return;

else

% using actual as estimate value for tau and gain

35
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%load([/OutputFiles/,gainfile]);
%load([ '/, gainfile]);
load(gainfile);

A_est=A*2; %% this accounts for multiply by sqrt(8) — samples between unit-energy
raised cos pulses

%% and divide by sqrt (2) -- making the complex waveform
% normalize A according to How A is generate
rreos = sqrtrcos(L_HALF,ROLLOFF,FB,SAMPLERATE);
% now that everything is base on unit energy no normalization
% is need for Amplitude so comment the next line
%A_est=4*A_est*sqri(rrcos™rrcos);
%A,_est = SAMPLERATE*A,_est./sqrt(SAMPLERATE);
%load([/ parafile]);
load(parafile);
K est =K;
% FM (Field Matrix)
% L (Data Length in Samples)
% T stagger offset

A

% This block move out of if loop to shared with non parafile case
Pooffset=T(:y*39+tau(:); % tau and staggler offset
%foffset,sidx] = sort(offset);

%signal_delay = round(offset(1)*SAMPLERATE) % in sample

%offset = offset - offset(1); % make everyone reference to earliest one
%A _est = A_est(sidx);

%[tau_est,bitinfo] = frameinfo(offset,L,FM,TSC);

[

%

end

else % use estimate parameter output
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est_file = fname;

i exist([/\est_file}) ~=2
if exist(est_file) ~=2
%disp(['/,est_{file,' missing']);
disp([est_file," missing']);
bitinfo=[];
return;
else
load(est_file);
dim = size(A_est); % record matrix dim now; A_est got altered soon
dBthreshold = -7; % user specified
% right now assume all the 32 slot has the same parameters

% determine user from only the first time slot

AdB =20*log10(abs(A_est(:,5,1))); %% uses first time slot to estimate all A's and tan's
AdB =AdB-max(max(max(AdR)));
% find any above x db, but not more than 3, because mud.m takes too long for K>3
idx= find(AdB > dBthreshold );
K_est = length(idx);
if K_est>3
fprintf('Initial estimate of number of users = %d\nK_est);
fprintf("This will be limited to 3 users, fo conserve computing resources\n’);
end
while K_est>3
dBthreshold=dBthreshold+0.1;
idx= find(AdB > dBthreshold );
K_est = length(idx);
end
%disp([ Number of User estimate: ', num2str(K_est)]);
A_pagel = A_est(:,3,1);
tau_pagel = tau_est(:,:;,1);
A_est=A_pagel(idx);
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A _est=A_est*2; % this is necessary for normalization due to gains in ogpskmod.m

tau =tau_pagel(idx);

%emap column oriented indx return by find back to Ndim idexing
idxN = mapidx3(idx,dim); % map idx back to 3 d to derive T and TSC

T = zeros(K_est,1);
TSC = zeros(K_est,1);
fori=1:K est;
TSC@E)=TSCset(idzN(,1));
T(i)= idxN(,2)-1;
end
~ % need to get FM from parameter estimated
% The current version of parameter estimate every slot is filled
% so just hardcode the FM as all ones
FM = ones(K_est,32);
end

end

% Adjust tau by combined effects of both T and tau
offset=T(:)*39+tau(:); % tau and staggler offset
[offset,sidx] = sort(offset);

signal_delay = round(offset(1)*SAMPLERATE) % in sample
offset = offset - offset(1); % make everyone reference to earliest one

A_est = A_est(sidx);
unbias_tan = tau;

[tau_est,bitinfo] = frameinfo(offset,L,FM,TSC);
A

function [newtau, bitinfo] = frameinfo(offset,L,FM,TSC)
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newtau = fraction(offset);

% sort and build cochannel information

%build the bit profile needed for asyncmud
%
system_constants_init; % get global system variables

nburst = ceil(L/SAMPLERATE/NUM_BURST_BITS);
nust = size(FM, 1);

% extra burst to accommodate delay;

bitinfo = zeros (ceil({(nburst+1) * BITS_PER_BURST),nusr);

% mapping TSC_ARRAY 01 to -11
TSC_ARRAY(find (~TSC_ARRAY)) = -1; % replace 0 by -1

for iusr = L:musr
% put zero prior to data arrival
% i think here is the problem for the 1 bin off for the delay case
%tng = [1, max(floor(offset(ivsr))-1,0)]
g = [1, max(floor(offset(iusr)),0)]
%bitinfo(rng(1):rng(2),iusr)= zeros(floor(offset(ivsr))-1,1);
bitinfo(rng(1):rng(2),iusr)= zeros(floor{offset(iusr)),1);

burstl = [ones(3,1);2*ones(60,1); TSC_ARRAY(TSC(usr)+1,:).5...
2*ones(60,1);0nes(3,1);zeros(8,1);];
burst2 = [burst1;3}; %extra zero guard bit

if mod{offset(iusr)-fraction(offset(iusr)),2),

bitinfo(rng(2),iusr)=3;
end
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for iburst = 1:nburst

if rem(iburst,4)~=1 % Normal burst
g = mg(2)+[1,156];
if EM(iusr,modulo(iburst,32)) % superframae
bitinfo(rng(1):rmg(2),iusr)= burstl;
else
bitinfo(rng(1):rng(2),iust)= zeros(156,1);
end
else % extra guard bit burst every 4 start from the first
g = mg(2)}+[1,157];
if FM(iusr,modulo(iburst,32))
bitinfo(rng(1):rng(2),iusr)= burst2;
else
bitinfo(rag(1):rng(2),iusr)= [zeros(156,1); 3];
end
end
end
I=find(bitinfo(:,iusr)==3);
for i=1:length(I),
if (I(i)+ 1<=size(bitinfa,1)),
bitinfo(I(i),iusr)=0;
bitinfo(I(i)+1,iusr)=3;
else
bitinfo(I(i),iusr)=0;
end
end

end

%
% Local function

%otunction out=fraction(in)
%

2004-509552 A 2004.3.25
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function out=fraction(in)

out = abs(in);

for k = 1:length(out);
if abs(out(k))>1
out(k)=out(k)-floor(out(k));
end

end

%
% Local function

%function out=modulo(in,N)
%

fonction cut=modulo(in,N)

out=rem(in,N); % % find the remainer
out(find(~out))=N; % replace 0 remainder with N
out(find(out<0))=N-+out(find(out<0));

%
% Local function

%fanction oidx = mapidx3(iidx,dim)
%
fupction oidx = mapidx3(iidx,dim)

if length(dim) ~=3
disp(Input must be 3 element ');
oidx =[];
return;
end
oidx = zeros(length(iidx),3);
oidx(:,3) = ceil(iidx(:)./prod(dim(1:2)));
0idx(:,2) = modulo(ceil(iidx(:)./prod(dim(1))),dim(2)} ;
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oidx(:,1) = modulo(iidx(:),dim(1));

asyncmud.m

LA

% Main Multi-user Algorithm

% Perform Optimum detection for asynchronous OQPSK multiuser signals
% See Multiuser Detection by Sergio Verdu

% Input PARAMETERS:

% data: continuous baseband data stream

% gain: estimated multi-user complexed signal gain

% tau: estimate relative multi-user time delay fraction of Tfwd in sample
% demoflag: 1 show intermediate plot etc

%

% WRITTEN by Ned Thammakhoune April 2000
% Modification History

% 6/5/00  First working version Joseph Su

% 6/14/00  optimize code for speed and memory Ned Thammakhoune

a,
o

function [decision,bitinfo]=asyncmud(data,gain, tan,bitinfo,signal_delay, demoflag)
global SysPara;

if nargin < 3
demoflag=0;
end
if length(tau)~=length(gain)
disp(‘tau and gain must have the same length')
end

async_debug = 0;
if async_debug

fid = fopen('async_debug.log',w);

2
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end

tau=tan(:);
gain=gain(:);

%
bitinfo=bitinfo.’;
bitinfo=bitinfo(:);

% initialize and obtain system level parameters

SysPara = SysParalnif;

%orx_filter_delay = length(SysPara.rrcos)-1;

1x_filter_delay = floor(length(SysPara.rrcos)/2)

phase=gain./abs(gain); %phase
mxusr =length(taw);  %actual number of user
nusr = 2*mxusr; Yotreat T and Q as independent users

nstage = floor((length(data)-rx_filter_delay-signal_delay)/(2*SysPara.spb))*nusr
%assnmes data has an extra fwd pd of data

decision = zeros(nstage,1); % allocate space for decision bits

yi = zeros(nstage/nusr,nusr); % organize in matrix with nusr columns

% match filter the incoming data
mf = conv(data,conj(flipud(SysPara.rrcos(:))));

% tap mf at appropriate delay for each individual nser

% according to time delay. The Q component is Tfwd from the I channel.
% Tfwd is in second.p

% Note may need to do this in frequency domain to avoid

% quantization error.

ioffset=signal_delay+rx_filter_delay+1+round(tau.*SysPara. Tfwd); % in samples
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qoffset=signal_delay+rx_filter_delay+1+round(tau*SysPara. Tfwd) +SysPara. Tfwd;

for fusr = 1:mxusr
%I channel
idata = mf(ioffset(iusr):2*SysPara.spb:length(mf));
yi(:,iusr)=idata(1:size(yi,1)); %
%Q channel
qdata = mf{qgoffset(iusr):2*SysPara.spb:length(mf)) ;
yi(:,iusr+mxusr) =qdata(l:size(yi,1)); %

end

% multiplex them chronologically IITQQQQIIIQQQQ
% assuming max tau is less than Tfwd or bit epoch
yi=yil )

Y =yiG)

% Viterbi Algorithm Start bere
% Note we record the state in the surviving path for traceability
% when demoflag is set to 1. When demo flag is set to 0

% bit sequence is recorded instead to optimize memory

nisi=2;

nbit = nisi*nusr-1;

virb.N = 2"(nbit);

virb. T=4*virb.IN;

if virb. T>nistage,
virh. T=nstage

end

if demoflag
virb.Sp = NaN*ones(virh.N,virb. T);

else % use matlab non-negative integer to save bit sequence
wordlength=52; % for [EEE machines floating point integer

44
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nword = ceil(virb. T/wordlength);
virb.Sp = zeros(virb.N,nword);
end

vtrb.J = zeros(virb. N, 1);
nstage

% expand tau and gain phase for I Q component

igtau = [taustau+1]; % tau is unit of 1 tfw 1 tfw later for g component
iqgain = abs([gain;gain]);

igphase = exp(j*[angle(gain);pi/2+angle(gain)]);

% Calculate and store cross correlation table
rij = real(rcalc(iqtau,igphase,nisi,0));

% create state table

state=create_state(nbit);

ptr=zeros(virh.N,2);
% calculate pointers to the previous states

for n=1:vtrb.N,
o7,

% replace by direct bit calculation to speed up when large number of
% states left here to compare for debugging purpose
%ptr(n,1)=find(ismember(state,[1,state(n,1:nbit-1)}, row"));
Joptr(n,2)=find(ismember(state,[-1,state(n,1:nbit-1)], row'));

%eright shift and set left most bit

[A

shiftv = bitshift(n-1,-1);

ptr(n,1) = mybitset(shiftv,nbit,0)+1; %

ptr(n,2) = mybitset(shiftv,nbit,1)+1;
end
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A=zeros(1,nbit);
Aidx=nbit;

% first nbit stages

for t=1:nbit,

Ycompute cost due to the previous stage
table = zeros(virb.N,1);
ridx=modulo(t,nusr);
Aidx=modulo(Aidx+1,nbit);

%]look for apriori info
if(bitinfo(t)==0),
A(Aidx)=0;
else
if(bitinfo(t)==3),
temp=iqphase(ridx);
tidx=modulo(ridx+mxusr,nusr);
igphase(ridx)=iqphase(tidx);
iqphase(tidx)=temp;
tij = real(rcale(iqtau,iqphase,nisi,0));
end
A(Aidx)=iqgain(ridx);

end

for istate=1:2"(t-1),
for n=1:t-1,
lidx=modulo(t-n,nusr);
k=(istate-1)*2+1;
table(ky=table(i)+..

state(k,nbit-n)* A(modulo(Aidx-n,nbit)) “rij(L,lidx,ridx),

end

(106)
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end

%compute cost in the current stage
Y(t)=real(¥(t)*conj(igphase(ridx)));
tempJ=vtrb.J;
if t~= nbit,
for n=1:2"t,
virb J{ptr((n-1)*2+1,1)=tempI(ptr(n, 1))+...
state(n,nbity* A(Aidx)* (Y(t)-table(pir(n,1)));
end
else
for n=1:2"t,
virbJ(w)=templ(ptr(n, 1))+...
state(n,ubit)* A(Aidx)* (Y(t)-table(ptr(n,1)));
end
end
end
% Adjust surviving path
inner_lp_sz=vtrb.N/2;
outter_lp_sz=1;

for t=1:nbit-1,
9ot
kk=1;
if demoflag % actual state
idx=modulo(i+1,vtrb. T}
else % bit sequence
[idxP,idxW] = modulo_p(t+1,wordlength); %note:t never exeed T
end
for n=1:outter_lp_sz,
for k=1:inner_lp_sz,
if demoflag % actual state
virb.Sp(kk,idx)=1;

47

2004-509552 A 2004.3.25



[ B
L T e T e T e T e T e T e T e T e T e B s B e O e T e T e T e, T e, TR e T e, IO e T e T e O e T e R e R e |

10

15

20

25

30

(108) JP 2004-509552 A 2004.3.25

WO 02/25820 PCT/US01/27574

else % bit sequence
virb. Sp(kk,idxPy=mybitset(vtch Sp(kk,idxP),idxW,1);
end
Kk=kk+1;
end
for k=1:inner_Jp_sz,
if demoflag % actual state
virb.Sp(kk,idx)=2;
else % bit sequence
virb.Sp(kk,idxP)=mybitset(vtrb.Sp(kk,idxP),idxW,0);
end
kk=kk+1;
end
end
outter_lp_sz=outier_lp_sz*2;
inner_lp_sz~inner_lp_sz/2;

end
% mf indepen&eut term when all signal are co-exist ( most of time)
fixcost = NaN*ones(virb.N,nusr); %

% After nbit stage
tic % start the watch
for t=nbit+1:nstage,
if ~rem(t,50) % echo every 50;
sprintf(’stage %d elapase tme %fi,t0¢)
tic % reset the time
end
ridx=modulo(t,nusr); % the current usr index
Aidx=modulo(Aidx+1,nbit);

%600k for apriori info
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if(bitinfo(t)==0),
A(Aidx)=0;
else
if(bitinfo(€)==3),
temp=igphase(ridx);
tidx=modulo(ridx+mxust,nusr);
igphase(ridx)=igphase(tidx);
igphase(tidx)=temp;
rij = real(rcale(igtau,igphase,nisi,0));
fixcost = NaN*ones(virb.N,nusr); %
end
A(Aidx)=iggain(ridx);
end
currbit=NaN;
if(bitinfo(t)==1)
currbit=1;
end
if(bitinfo(t)==-1)
corrbit=-1;
end

(109) JP

PCT/US01/27574

% 1ij change

% condition for using fix table all interference term are non zeros

%if t==100
Yekeyboard
Ypend

reuse= all{ [A(modulo(Aidx-(1:nusr-1),nbit)), A(modulo(Aidx-( nusr:nisi*nusr-

1),0bit))]);

rebuild = isnan (fixcost(1,ridx)); %table had not been build yet
Prebuild = 1; % hard code to examine all tables will remove

% if not reuseable or fixcost has not been build for that user

if (~rense) | rebuild
table=zeros(virb.N,1);
for istate=1:vtrb.N,
if istate == 1 & async_debug

49
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fprintf(fid, ridx %d lidx %d %d %d Aidx %d Aidxs %d %d %d\n',ridx ,modulo(t-
(L:nusr-1),nusr) , Aidx, modulo(Aidx~(1:nust-1),ubif));

end
for p=1:nusr-1,
lidg=modulo(t-n,nusr);
table(istate)=table(istate)+...
state(istate,nbit-n+1)* A(modulo{Aidx-n,nbit)y*rij(1,lids, ridx);

end

for n=nusr:nisi*ousr-1,
lidz=modulo(t-n,nusr);
table(istate)=table(istate)+...
state(istate,nbit-n+1)* A(modulo(Aidx-n,obit)) *1ij(2,lidx,ridx);
end
end
if reuse
fixoost(:,ridx):iable;
Ybkeyboard
end
else % reusable and already exist
osprintf('%d’,t)
table = fixcost(:,ridx);

end

%compute current cost and keep highest
tempSp=virb.Sp;

templ=virb.J;
Y(t)=real(Y(t)*conj(igphase(ridx)));

% index for the buffer
1dxT = modulo(t,virb.T); % modulo of T bits
if demoflag ==
[idxP,idxW] = modulo_p(idxT,wordlength); % modulo of T bits of wordlength
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end
if isnan(currbit),
for n=1:vtrb.N,
pathl=tempJ(ptr(m,1))+...
state(n,nbit)* A(Aidx)y* (Y(t)-table(ptr(n,1)));
path2=templ (pte(n,2))+...
state(n,nbit)* A(Aidx)* (Y(t)-table(ptr(n,2)));
[mxpath,ipath]=max([pathl,path2]);
virb.J(n)=mxpath;
if demoflag % actual state
virh.Sp(n,:)=tempSp(ptr(n,ipath},:);
virb.Sp(p,idx T)=ptr(n,ipath);
else % bit sequence
savebit =state(ptr(n,ipath),nbit);
virb.Sp(n,:)=tempSp(ptr(n,ipath),:);
% ipath lor2 <==> 1or0; 1 postitive transition
virb.Sp(n,idsP) = mybitset(vtrb.Sp(n,idxP),idxW, (savebit+1)/2);
end
end
else
if currbit==1,
for u=1:2:vtrb.N,
pathl=templ(ptr(n,1))+...
state(n,nbit)* A(Aidx)*(Y(t)-table(ptr(n, 1)));
path2=templ (ptr(n,2))+...
state(n,nbit) * A(Aidx)* (Y (t)-table(ptr(n,2)));
[mxpath,ipath]=max([path1,path2]);
virb.J(n)=mxpath;
if demoflag % actual state
virb.Sp(n,:)=tempSp(ptr(n,ipath),:);
virh.Sp(n,modulo(t,virh. T))=ptr(n,ipath);
else % bit sequence
savebit =state(ptr(n,ipath),nbit);
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virb.Sp(n,)=tempSp(ptr(n,ipath),:);
virb.Sp(n,idxP) = mybitset(virb.Sp(n,idxP),idxW, (savebit+1)/2);
end

virb.J(n+1)=-inf;
end
else
for n=2:2:vtrb.N,
pathi=tempJ(ptr(n, L))+...
state(n,nbit)* A(Aidx)*(Y (t)-table(ptr(n,1)));
path2=templ(pte(n,2))+...
state(n,nbit)* A(AIdx)*(Y(t)-table(ptr(n,2)));
{mxpath,ipath}=max([pathl,path2]);
virb.J(n)=mxpath;

if demoflag % actual state
virh.Sp(n,:)=tempSp(ptr(n,ipath),:);
virb.Sp(n,modulo(t,vtrb. T))=ptr(n,ipath);
else % bit sequence
savebit =state(ptr(n,ipath),ubit);
virb.Sp(n,:)=tempSp(ptr(n,ipath),:);
vitb.Sp(n,idsP) = mybitset(virb.Sp(n,idxP),idxW, (savebit+1)/2);
end

vtrb.J(n-1)=-inf;
end
end

end

if t> virb. T,
[LI]=max(virb.T);
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if demoflag % actual state
bit=state(vtrb.Sp(J,modulo(t-virb. T+1,vtrb.T)),nbit);

else
1dxT = modulo(t-virb. T+1,vtrb. T);
[idxP,idxW] = modulo_p(idxT,wordlength); % modulo of T bits
bit=mybitget(vtrb.Sp(J,idxP),idxW)*2-1;;

end
decision(t-virb. T)=bit;
end
end

%no more inputs so output the remaining bits
[LI]=max(vtrb.J);
for t=nstage+1:nstage+vtrb. T-1,
if demoflag % actual state
bit=state(vtrb.Sp(J,modulo(t-vir. T+1,vtrb.T))nbit);
else
idxT = modulo(t-virb. T+1,vtrb.T);
[idxP,idsW] = modulo_p(idxT,wordlength); % modulo of T bits
bit=mybitget(vtrb.Sp(TidxP),idsW) *2 -1; ; %
end
decision(t-vtrb.T)=bit;
end
t=t+1;
bit=state(J,ubit);
decision(t-virb. T)=bit;

% remap sequential bit corresponding to mxust
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decision = reshape(decision,mxusr,length(decision)/mxusr);

if async_debug
felose(fid)
end

%

%
% Local Function

% function lambda = payoff(j,u)
% pay off function

%
%
function lambda = payoff(j,u,table)

% will put in equation just testing the flow
lambda = rand(1,1);

%
%
% Local Function

% function SysPara = SysParalnit()

% Initialize all system para parameter
%
%

function SysPara = SysParalnit()

% Need to find out what exactly is the Fs for the simulation
L_HALF=3;

ROLLOFE=0.35;

SAMPLERATE =4;

%SysPara.rrcos:sqrt(8)*sqrtroos(L_HAlﬁ,ROLLOFF,FB,SAMPLERATE) s
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SysPara.rrcos=sqrtrcos(L,_HALF,ROLLOFF,.5,SAMPLERATE);

SysPara.rrcos = SysPara.rrcos/sqri(SysPara.ircos™ SysPara.rrcos);

%SysPara.rrcos=sqri(SAMPLERATE) *
sqrircos(L,_HALF,ROLLOFF,FB,SAMPLERATE);

SysPara. Tfwd=4; % in sample
SysPara.spb=4; % find out this is ture

%

%
% Local function

%function states= create_state(nbit)
%

function states= create_state(nbit)

integer =0:2"nbit-1;

states=zeros(2 nbit,nbit);

for k=1:2"nbit
states(k,:)=fliple(mybitget(integer(k),1:nbit));

end

% make it + - instead 0f 0 1

states(find(states))=-1;

states(find(~states))=1;

%
% Local function

%function out=modulo(in,N)
%

function out=modulo(in,N)
out=rem(in,N); % % find the remainer

out(find(~out))=N; % replace 0 remainder with N

55



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

20

25

30

WO 02/25820

out(find{out<0))=N-+out(find(out<0));

%

% Local function
%function [page,idx)=modulo_p(in,N)
%same as modulo except return page idex as well

%

function [page,ids]=modulo_p(in,N)
idx=rem(in,N); % % find the remainer
idx(find(~idx))=N; % replace 0 remainder with N
idx(find(idx<0))=N-+idx(find(idz<0));
page=ceil(in./N);

[page,idx];

%

% Local function
Fefunction rij=rcalc(tau,gain,phase,nisi)
%

function rij=rcalc(tau,phase,nisi,demoflag)
global SysPara

nust = Jength(tau);
if nusr~=length(phase),
error('tau and phase must be the same size');

end

rij =zeros(nisi,nusr,nusr);

% generate the rrcos replica with fine resolution

L HALF=3;

ROLLOFF=0.35;

ScaleF = 100; %

SAMPLERATE =4; % times the original resolution
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SAMPLERATE =ScaleF*SAMPLERATE; % times the original resolution
[rreos,t]=sqrircos(L,_HALF,ROLLOFF,.5,SAMPLERATE);
Yerrcos=rreos*sqri(SAMPLERATE);

Yorrcos=rrcos *sqrt(8)*sqri(ScaleF);

5 1mcos=rrcos/sqri(rreos *rrcos);
Tprime=2*SysPara.spb*ScaleF;

for ipage = 1:nisi
10 fori= Lmusr
forj = 1mnusr
timediff = diff(tau({i,j]));
delta = round(timediff*SysPara. Tfwd)*ScaleF; % in samples
if delta >= 0
15 % left integral
rij(ipage,ij) = ...
overlap_sum(rrcos,delta+ (ipage-1)* Tprime,demoflag);
. else
% right integral
20 tdelta = -delta - (ipage) * Tprime;
rij(ipage.i,j) = overlap_sum(rrcos,tdelta,demoflag);
end
rij(ipageij)= phase(i)*conj(phase(i)) * rij(ipage,i,i)
end
25 end

end

%
% Local function

30  %function 1t = overlap_sum(s,delta,demoflag)
%
function  rr = overlap_sum(s,delta,demoflag);

s=reshape(s,1,length(s));
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ref =zeros(l,length(s)+abs(delta));

sht=ref;

if (delta>=0),
ref(1,1:length(s))=s;
shit(1,delta+ L:length(shit))=s;
refidz=1;

else
ref(1,1-delta:length(ref))=s;
shfi(1,1:length(s))=s;
refidx=1-delta;

end

rr=sum(ref. *shft);

if demoflag
rrfig = figure;
stem(ref,'g"); hold on;
stem(shft,r);
ylim =get(gca,'ylim");
plot([refidx refidx],ylim,'c-);
grid
Zoom
display('hit any key to proceed’)
pause
close

end
% Note : list to be optimize
% t dependent modulo index should only perform once for every loop .N

system,_constants.m

global debug_mode
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global S_TCHQ NUM_HALF_FRAME TRAINLEN NUM_FRAME_BITS
NUM_BURST_BITS STAGGER_OFFSET

global NUM_SPEECH_BITS NUM_PARITY NUM_CODED NUM_UNCODED
CODE_RATE NUM_SR NUM_PUNCTURED

global NUM_INTLV MAX_SD

global BITS_PER_BURST BURSTS_PER_FRAME BITS_PER_FRAME
FRAMES_PER_MULTIFRAME BITS_PER_MULTIFRAME

global SAMPLERATE ROLLOFF L, HALF TSC_ARRAY
system_constants_init.m
sysiem_constants;

debug_mode = 0;

5. TCHQ=4; % S-TCH/Q subchannels

NUM_HALF_FRAME = 60; % Number of bits in half a frame
TRAINLEN = 22; % Length of a training sequence in a burst.
NUM_FRAME_BITS = 2*NUM_HALF_FRAME; % Number of bits per frame
NUM_BURST_BITS = 148; % Number of bits in a burst (120 + 22 + 6 tail)
STAGGER_OFFSET = 39; % Number of bits per stagger offset
NUM_SPEECH_BITS = 72; % Number of speech bits

NUM_PARITY = 6; % Number of parity bits

NUM_CODED = 51; % Number of bits convolutionally coded
NUM_UNCODED = 27; % Number of bits not coded

CODE_RATE =2; % Inverse code rate

NUM, SR=7; % Number of shift registers in convolutional coder
NUM_PUNCTURED = 9; % Number of bits punctured (removed) after coding
NUM_INTLV = 3; % Number of frames to interleave over

MAX_ SD = 2"(NUM_SR-1)-1; % Maximum soft decision value
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BITS_PER_BURST = 156.25;

BURSTS_PER_FRAME = §;

BITS_PER_FRAME = BURSTS_PER_FRAME*BITS_PER_BURST;
FRAMES_PER_MULTIFRAME = 26;

BITS_PER_MULTIFRAME = BITS_PER_FRAME*FRAMES_PER_MULTIFRAME;

SAMPLERATE = 4; % Samples per symbol

ROLLOFEF = 0.35; % Square root raised cosine rolloff factor

L_HALF = 3; % Square root raised cosine half filter length (in Symbols)
FB = 0.5; % Square root

raised cosine baud rate

% Normal burst training sequence 0-7

TSC_ARRAY=[
1001011100001000100101
1011011101111000101101
0000111011101001000011
0001111011010001000111
0110101110010000011010
0011101011000001001110
1001111101100010100111
10111100010010111011117];

ogpskmod.m

function s = ogpskmod(], T, pulse)
% function s = ogpskmod(l, T, pulse)

%

% INPUTS:

% 1(1, 1:L) Information symbol vector. Row vector.
%

% T(1,1) Symbol Period (samples/sym).
%

% pulse(1, 1:Lp)
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Pulse shaping filter
coefficients. The default is to

% use a rectangular window of
length N=T.

%
% QUTPUTS:
% s(1, L*T*Lp - 1):

% The OQPSK waveform vector
that corresponds to the

% information vector, L.
%

% ABSTRACT:

% This function performs OQPSK modulation, with pulse
% shaping, if specified. The power of the output signal

% s, is set to unity.

%

% ALGORITHMS:

% Uses complex impulse response of pulse shaping filter to
% generate waveform.

%

% PROCEDURES

% CALLED:

% None.

%

% COMMENTS:

% The number of samples per symbol T has to be an even
% integer.

%

§=sqri(-1);
Li = length(l); % Length of message symbol vector

% Check to see if the pulse length is zero, or set to zero
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if ((length(pulse) == 0} | (length(pulse) == 1) & (pulse == 0)))

pulse = ones(T, 1) ./ T;
end

Ltemp =T * Li;
temp = zeros(1, Liemp);

mi = I(1:2:Li); % even data (since matlab arrays start at one}

mq = [(2:2:Li); % odd data

ternp(1:2*T:Ltemp) = mi;

% Delay the quadrature arm (imaginary) by 1/2 the symbol period

temp(1+T:2*T:Ltemp) = j*mq;

(122) JP 2004-509552 A 2004.3.25
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% Form the baseband signal by convolving the pulse shape with the impulse

% vector of the symbols
%s = T*conv(pulse, temp);

s = conv(pulse,temp)/sqrt(2);
sqrircos.m

function [x, t] = sqrrcos(half_length, alpha, Fb, Fs)
% function [x, t] = sqrtrcos(L_half, beta, Fb, Fs)

%

% INPUTS:

% L,_half The length in symbols of one half of the

% raised cosine pulse.

% beta Rolloff parameter. 0 <= beta <= 1.0.

% Fb Baud rate.

% Fs Sample rate.

%

% OUTPUTS:

% X The raised cosine pulse shaping filter
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% coefficients.

%

% t Time vector used in pulse shape construction.
%

% ABSTRACT:

% Generates a frequency domain square-root raised cosine

% . filter response of length 2*half length, with a

% rolloff parameter beta, with a lowpass bandwidth of

% Fb * (1 + beta)/2.

% Note: when the square-root raised cosine function is

% convolved with itself, it generates a function

% with zero ISL.

%

% ALGORITHMS:

% See Chevillat and Ungerboeck, "Optimum FIR Transmitter

% and Receiver Filters for Data Transmission over

% Band-Limited Channels,” IEEE Trans. Comm.

% Vol. COM-30, No. 8. AUG 1982. pg. 1911. Equation
% 8b.

%

% PROCEDURES

% CALLED:  None.

%

% mu = oversampling Factor

% The factor of two corrects for the I and Q separation.

% We need zeros every 8 samples, not every 4th... -DAK
mu = Fs / Fb;

% N = length of filter in samples
N = fix(2*half_length*mu);
if (rem(N, 2) == 0)

N=N+1;
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i=(0:(N-1)).5
t_prime = (i- (N-1)/2) / mu;

am = 1 - alpha;
ap =1 + alpha;

x1 =sin(pi * am * t_prime);
X2 =4 * alpha * t_prime .* cos(pi * ap * t_prime);
x3=pi* (L -(4*alpha*t_prime).*2) .* t_prime;

z_loc = find(x3 == 0);
nz_loc = find(x3 ~= 0);

if (length(z_loc) == Q)
x=(x1+x2)./x3;
else
% Use L'Hopital's rule for evaluating division by zero.
x1h=pi* am * cos(pi * am * t_prime);
x2h = 4 * alpha * (cos (pi * ap * t_prime) ...
-pi*ap*t_prime .* sin(pi * ap * t_prime));
x3h = pi - 48 * pi * alpha .2 * {_prime ."2;

hz_Joc = find(x3h == 0);
if (length(hz_loc) == 0)
x(nz_loc, 1) = (x1(nz_loc, 1) + x2(nz_loc, 1)) ./ x3(nz_loc, 1);
x(z_loc, 1) = (x1h(z_loc, 1) + x2h(z_loc, 1)) / x3h(z_loc, 1);
else
% Use L'Hopital's rule for evaluating division by zero.

64

2004-509552 A 2004.3.25



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

15

(125) JP

WO 02/25820 PCT/US01/27574

fprintf('Need to do L"Hopital"s rule twice. Not yet implemented.\n');
end

end

%Nobody ever uses this output anyway...Set to zero

t =0;%t_prime * T;

%x=x./abs(polyval(x,1));

x=x./(sqrt(sum(x."2))); %% make it a unit energy pulse

Having now described a few embodiments of the invention; and some
modifications and variations thereto, it should be apparent to those skilled in the art that
the foregoing is merely illustrative and not limiting, having been preseated by the way of
example only. Numerous modifications and other embodiments are within the scope of

one of ordinary skill in the art and are contemplated as falling within the scope of the

invention as limited only by the appended claims and equivalents thereio.
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‘WHAT IS CLAIMED IS

1. A method for increasing the number of users capable of communicating over a
wireless network, comprising:

transmitting information in a digital format from multiple separate wireless
transmitters on the same frequency; and,

separating the transmitted signals which arrive corrupted a receiver as a corrupted
received signal so as to remove the interference of one signal from that of another using a
Viterbi decoder to perform an exhaustive search and a joint parameter estimation, whereby
multiple simultaneously transmitted signals may be recovered without requiring new

waveforms or new frequency slots or time slots.

2. The method of Claim 1, wherein the separating step includes the use of a filter
for separating the interfering signals, the structure of which is derived by estimating power,
phase, band timing offset and frequency offset of the individual received signals
corresponding to each of the transmitted signals that comprise the corrupted received
signal.

3 The method of Claim 1, wherein the separation is done in realtime using an

optimum asynchronous multi-user detection algorithm.

4. The method of Claim 3, wherein the separating step includes the step of
separating the received signals in terms of power so as to group the signals in terms of
decreasing power by iteratively processing and stripping off the signals in the highest
power group, thus to limit the total amount of processing required by the exhaustive

search.
5 The method of Claim 3, wherein the separating step includes the step of

intersymbol interference tail chopping, thus to limit the number of states in the Viterbi

decoder and thus the processing time by at least an order of magnitude.
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6 The method of Claim 2, and further including at the receiver the step of
providing an -initial joint parameter estimation and using the initial joint parameter

estimation fo define the structure of the filter used in separating the received signals.

7  The method of Claim 6, and further including the step of refining the initial
joint parameter estimates based on measured power, phase, baud timing offset and

frequency offset of a received signal.

8. The method of Claim 7, wherein the received signal is received in the absence

h

of other user interference over an acquisition 1 prior to assi nt to a traffic
channel with other users already transmitting, and wherein an initialization signal is sent

over the acquisition channel for the network.

9. The method of Claim 1, wherein the total number of transmitters is K and
wherein the grouping of signals by power reduces K into subgroups coutaining more than

k users in each, where k is not so large as to preclude realtime processing.

10. The method of Claim 1, wherein n is the length of the intersymbol interference
and wherein n is reduced with tail chopping, thus to reduce the number of states per stage
in the processing of the received signals from many hundreds of gigaflops to megaflops

which can be accommodated by the computational capacity of a wireless handset.

11. In a digital wireless communications network, a system for reducing the
computational complexity of multi-user detection using a Viterbi detection algorithm so as
to permit the system to separate multiple sigoals transmitted at the same frequency and
thus permit signal packing, comprising:

a receiver for receiving multiple digital signals transmitted on the same frequency,
said receiver having a multi-user detector for implementing an exhaustive search strategy

for separating the simultaneously arriving signals;
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a power responsive grouping unit for separating signals received at said receiver
into groups, said multi-user detector first processing the group having the highest power,
thus to reduce processing complexity by processing only one group at a time; and,

a reduced state Viterbi decoder which removes from consideration a predetermined
number of intersymbol interference tails, thus to minimize the complexity, whereby signal
separation for a number of simultaneously transmitted signals at the same frequency may

be accomplished by the megaflop processors available for wireless handsets.

12. A method for reducing the computational complexity of separating two digital
signals that exist simultaneously on the same communication channel, comprising the step
of:

using parameter estimation and a Viterbi algorithm to perform an exhaustive search
that jointly detects and decodes all the bits corresponding to all the transmitted signals on
the same channel, with a shortened signature pulse used to model intersymbol interference,
chopping off much of the intersymbol interference tails for reducing the time required by
the exhaustive search, thereby reducing the amount of computation to a level supported by

processors in wireless handsets.

13. A method for reducing the computational complexity of separating two digital
signals that exist simultaneously on the same communication channel, comprising the step
of:

using parameter estimation and a Viterbi decoder to perform an exhaustive search
algorithm to separate the bit streams corresponding to all the signals in the channel, the
signals being separated into groups by received power, with the signals in the highest
power group being processed first, thereby to limit computational complexity by doing an

exhaustive search only on one group of signals at a time.

14, The method of Claim 13, wherein the groupings are defined by a difference in
power of 6dB.
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