JP 2007-259445 A 2007.10.4

(19) B EEHEFT (UP) 2% B4 5F & @A) (1) S5 R A P 2
$5B02007-259445
(P2007-2594454)
49 AME TRI19%1084H (2007, 10.4)
(51) Int.Cl. F 1l FT—=7a2—F (%)
HO4J 11/00  (2006.01) HO4 1 11700 z 5K022
HO4J 1/00  (2006.01) HO4 )  1/00
SEER REF BEREOK 10 OL HNESEHE (& 249 H)
(2l HEES $SEE2007-71248 (P2007-71248) (71) HEEA 000005223
(22) B SERI9E3A 198 (2007, 3. 19) BLEkRat
(1) EEIETRBR 062514807 )| R R R R /A4 TE 1 &
(32) ®scH SEREISEE3H 208 (2006. 3. 20) 15
(3 BRETEE  MNSES EP) (74) KRIBA 100070150
@Bl EEEREE 06251481.5 B+ FR EBE
32)&EH SERR18£E3H 208 (2006. 3. 20) (72) AT HAIITF TATF4
(3 BRETEE NSRS EP) AEYRE, =P Se— TeT— 1

4IAT74, VFE4 LY, FFX -0
-k #-EFZL T7FwhO
F 42— (%) 5K022 AA09 AAll AA21 DDOL DDI13
Dp21  DD31

54) [READOEM OF DMBEIATACHIT3EERBRULE

Gnoooooooooooo
googomMbopboooo0oOooggPrPAPROODOO
goooooooooon
ggogooooobobobobooooooooooooo
googooooobobbooooooaoooooon
ugugoooobbobbooooooaoooooo
goobOooooobbooooooboooooooo
goobOooooobObooooooboooooooo
gobObOooooobbooooooboooooooo
gooooooobboboooooooooooooo
goooooooobbbobboooooooooooon
ggogooooobobobobooooooooooooo
(PAPROOODOOODOOOOOOODOCOOODOOO
ugugoooobbobbooooooaoooooo
goobOooooobbooooooboooooooo
goobOooooobObooooooboooooooo
gooood

goooooo

ARWOU 1 HIEIC LBOFDMM I EO—HE7R IR

—

16

14

RX,
X,

ACS

S

102
104




e R ey [ s R s [y |

e e ey e ey sy [ |

e e ey e s [y |

Oooo0oood
OoOoo0oood
Ooo0oo0oood

OoOooooooo0oooooo0o oo oDoooo oo oDoooooooDoDoDooooooooogdg
Oooooooo0oDoooooo0o oo oDoooo oo oDoooooooDoDoDooooooooogdg

Ooo0oo0oood

O 0Oooo
O 0Oooo

OoOoooooo0oooooooo0 oo oDooooDooDoDooooooooogdg

Ooo0oooogooQgg

OooooooogoQgg
OooooooogogoQgg

O
O

O
O

O
O

O
O

O
O

O 0Ooo0gooo
O 0Ooo0gooo

OoooooogoQgdg

(OFDM) O

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

Oooooooodg
OOoo0ooooao
OOoo0oo0oooao
Oooooooodg
OooooooogooQgodg
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao

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

(OFDM) O
Dooo

Ooo0oooogoQgdg
Ooo0oooogoQgdg
O 0Ooo0ooao
O o0Ooo0ooao
O o0Ooo0ooao
O o0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooo
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooo
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooo
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooOoao
O 0Ooo0ooao
O 0Ooo0ooOoao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooOoao

O O
[ |
O
O
O
O

(OFDM) O
0o000O
alalals
0000

O 0Oooo
O 0Oooo

oooad
ogooaod
ogooad
ooad

O o0Oooo
O 0Oooo

(OFDM) O

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

O o0Ooo
O 0Oooo
O o0Oooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Ooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo

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

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

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

(2)

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

JP 2007-259445 A 2007.

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

10

20

30

40

50



I s e e e s I [ A A
O e e [ e [ Y Y

O

O

OoOoo0oooaoo
O oOoooao
O oOoooo
O oOoooo

e e s e e e e e A [
O [ S A S [ Y Y Y

O

OFDMO
NOOoooooooooooboboobooooooooououoooooooobobbobooao
oooagd
oooad
ooogad
oooaod
OFDMO

O

O

O

T

'I'I
Oooooooooooooooo oo oo oooooogogoog

OoooooooQgooao

=

=
I [ S ) s e e [ [

(3) JP 2007-259445 A 2007.10.

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

Ooooooooodg
O O0ooo
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

OoooooooQogoQgQg
O O0ooo
(]
(]
O
(]
(]
O
O
O
(]
O
O
O
O
(]
O
(]
O
O
O
O
(]
O
O
O
O
O
O

OoooooooQgoQgao
OooooooQgooQgQg
OooooooQogoQgao

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

ooooooooooooao
orDMO D OO DO OODOOODO

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

ooooooooooooooao
ooorDMO OO OOODODODDODODODADO

OooooooogooQgdg
OooooooogooQgdg
OooooooogogoQgdg
OooooooogoQgdg

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

OoooooooogogoQgg
O 0Ooo0ooo

OooooooogogoQgg
OooooooogogoQgg

ooboooboobooboooboad
oooooooooordMOOOOO
oo

uobouoboobooboobad

O 0Ooo0ooao
O 0Ooo0ooao

O
(]

ooooooooooooao
goorDMO D OODOODOODOO

OooooooogoQgdg
OooooooogoQgQg
Ooooooooog
Oooooooog
Ooooooog
Ooooooog
Oooooooo
Oooooooo
Oooooooo
Oooooooo
Ooooooooodo
Oooooooo

'I'I
O o0 ooo0ooUoooooooooogoooQg

=
OooooooogogooQg

OooooooooQgogooQg
OooooooogoogooQg

[ |

ocooooooOOooerM)D0c0o0oooooooboboooobobooooboao
ooooooooooooooao

uooboooboooboocoboobooboobooboobooboobad

goobooobooboobooboobooorbMODODODODODOODOO
ooooooooooooooboooooooorFrDMOEOD OO OOOOOOOO
OoODOoOoooOMN)DbO0OO0oOoDOO0ODO0OO0OO0OO0ON=5120000

a
ocoooooOO0oO0oOooOOOoOobobOOoooDOoOooerFrM)DOODDOoooOoOon
(FOMOODDODDOOCOCOCOOOODOOOOUOFMIMOOODODOOOOOoOoOoOoOoOO
uoooooobooobooobooobooboobooboobooboobaoao
ooordMOODOOOOCOOOOOOOOOOoOoOoOOOOODODDODDODODODOO
goooooboooobooobao

u
ooooooooooooooboobobboboooobobooooooooooooao

10

20

30

40

50



Ooooooooooooood

O

DSL) O

O
O
O
O
O
O

O

Ooooooo0ooooooo0ooDooooooooao

O 0Ooo0oooao

I:II:II:IDI:I’_:_IO_II:II:II:II:IDD
® O
n =

I [ |

OoOoooooooooooogo e

oad
OFDM
Oood

oad
oo
oad
oono
OFDMO
oodd

Ooo0ooooooo o0 oo oo g

Oo0oo0oood
I [ |
I [y |
I [y |
I [ Iy |

Oooooooooooo 2 o0o0o0oood
©

O
o/

O 0Ooo0oo0oooao
O 0Ooo0oo0oooao
O 0Ooo0oo0oooao

)
O 0Ooo0ooooao

O

I [ |

O
O
O
O

ooogad
ooogoaod
IEEE802.
ooogad
oooao
oooad

O0Ooo0oooao
O0Ooo0oooao

O

u
O
g
O
g

O
O

gooad
ooogad
oooad
oooad
OFDMO O

oogad
OFDMO

u
O
g
O
g

O
O

O 0Ooo0oo0oooao
O 0Ooo0oo0oooao

O
O

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

O
O

I Ry |
O 0Ooo

O 0Ooo0oo0oooao
O 0Ooo0oo0oooao
O 0Ooo0oo0oooao

O 0Oooo
O 0Ooo0oo0oooao

O
OFDMO
ooad
oono

ooad
ood

lla/g(Wi-Fi)O
ooooooao
OFDMO O O O O
100000

(4)

O
O
O
O

I [y |
I [y |

O0Ooo0oo0ooao

oooag
oooaod
IEEE802.
oooad

JP 2007-259445 A 2007.10.4

O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao

0 O OFDMO O
0Oo0o0ooO0ao
16 (Wi-MAX)O
0o0o0oooao

0Doo(@OOoo)oon

ugboboooboooboooboocoboocoboobooboao

O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oo0oo0oao

O 0Ooo0ooo
O Ooo0ooOoo
O Ooo0ooOoo
O O0Ooo0ooo
O Ooo0ooOoo
O O0Ooo0oo0oo
O O0Ooo0ooOoo
O 0Ooo0ooo
O Ooo0ooo
O

uoano

O0Ooo0oo0ooao
O0Ooo0oo0ooao

ad

(MVOODOOoooDbDOooooOOoooobooooooNoODOobDbDOoono
000gogorDMOODO0ODODODDDDOOCOCOCOODO0ODODO0ODOODODOOOO@DOODOPAPRO
oh)yoooooooooooooooooooboooobooooboooopobooooboao

oOFDMOD O O ODOOOoOoooooooano
ooooooooooooobDbDoao

ooooooooooooooao
ooooooooooooooao

OOoogPAPROOOOOOOOO
ooooogorbMO OO OOO

O0Ooo0oo0oo0oao
O0Ooo0oo0ooao

oo
oad

uobooboobooboobooaoab
ooooooorbMOODOODODODOODODO
gooobooobooboobooboooan
FoMO OO OOoOooooooooooano
ooooobooobooobao

O0Ooo0oo0oo0oao
O0Ooo0oo0ooao
O0Ooo0oo0oo0oao

(A

O

ooad
O N=51

oooooooooooooooboboNoOooooooooboDbDbODODoOO0ano
OOoooooNOOOOODPAPRODOOO
ooooootoooooooooao

uooooobooobooobooboooboad

ooooooooooooobobooooan

ooooooooooooobobboobooano
ooooooooooooobobbDboDoao

cooooooOoooOooOOoobobooobobooobOoOoooODO0DOooDbODbOO0OnoE-

0000
Doo0oo

00000

Ooo0OoO

OFDMO O O O
Ooooo0o0o
oooooooo
00000

00O

000

000

O

ooooooao
O0X,.,00000000
0000OX,00Xy.,00
0000000000
00000000000
OOCIFFT0O0O0O0 OO
00000

CPOO OO DO OO OFDMO
OODOOFMO O OO OO
00000000000
00000000000
0000000000
00000000000

O 0Ooo0ooo

O
a
u
O
a

O

ybooooooooooooooooUooooooooooooooooboboDDoao
0 6 N B W O €

OooogIlrFTO000O000O0DO0ODODODOIFFTO OO ONO

ooooooooooodrF)DOODoODooNOO0QO0QOO
UOIFFTO DO Ox U Oxy_ ;000 o0oo0OoaoboaodolIFrFTO
ooooooooooooobobbbooooobooooao
ocoooooooooEeePpHhoooooooooooao

gooooboobooooboobooboobooboo
Nx TsUOOOTsODOOooODoooooooooaoooaodan
ooooooooooooobobDorFrDMOOOOOOOOOO
goobooboobooboobooboobooboonb
ubobouoboobooboobooboobooboodnn
ooooooooooooobobboooano

10

20

30

40

50



e [ e e Y e = [ e i Y

=
Oooooooo0 oo oooooooDoooogogoooao

Oooooooodg
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao

e
2

DDDDDDDDDDD%DDDDDDDD

O O
O O
O O

O
O
O

Ooooooooooooooooooodg
O
O
O

Ooooooooooooooooooodg

Ooooooooogoogogoo

O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao

ooooooao
x,0 00000
(IDFTY0 00O
ooooooao
0 052,0052,

2,0052,0000

oooooood
O

O
O
O0Ooo0oooao

O
O

O

Oooooooooooooodg
oo ooooooooooooog
oo ooooooooooooog

oo oo ooooooooooog
oo ooooooQgodg

O

O

OOoo0ooood O0Ooo0oooao O

O0Ooo0oooao

O0Ooo0oooao

O

NODOODOOOwo

O

O0Ooo0oooao

O

Ooooooor oo

O0Ooo0oooao

O

(%)

JP 2007-259445 A 2007.10.4

OogIlrFrFTO00O0O0O0ODODDODODODO
gooobooooooboobooboaod
(bAC)ODODOOOCODDODOOODOOOD

oooooo@pOOoooDoDDDDOO
uoobooobooobooobooboaodad

O

uobouobooobooobaoan

TransitO Sequence)d O O O O O OF

oo ooooooogodg

ooooooooooooooao
goboobooboobogonb
ooooooooooonoaoobso
oooooooooooooonN
ooboooboobooNoDoad
ooooooooooooooao
gobooobooboooboonb
goooovobDooODoaonoanoXx,

ooLoooOooooooooo
IDFTO 00D O0O0D0O0O0D0OO00D0O0

52,00s52y0000O0COCOO0OO0OOOOGOO
ocoOO0Ob,00b, 000000000000
oooooooooLoolbrTOOood
ooooooooooooobobooooan

oooooooooooooboboboooano
o oIbFTO O O 50,0 050,00 1IDFTO OO
uogbobouobooboobooboobad
gibFrT0 00 0ooooooobobobO0bO0an

00000000000
00000000000
00000000000
00000000000
00000000000
0D0O0oDo0Ooooao
000000000000
0000 (PTS:O PartialO
O
000000000000
000000000000
O(PsS)DDO0O0DOO0O0OO
000000000000
000000000000
000000000000
00000000 oooao
ON/MD0DODOD0ODODDOO0DOO
IDFTO 0 0 50,0 0 50,0 O
OO0OIDFTO0D0O0O0O0DO0
0Do0O00oDo0Ooooao
Do0O0ooDo0Ooooao
0D0O00oDO0O0ooo0ao

00 052,0052,0
0D0O0oDo0Ooooao
000000000
0Do0O00oDo0Ooooao
0Do0O0OoDO0Ooooao
0DO0O000

O

000

oooooood
yooooooao

oooooooad
oooooooo
oooooood

O

NOOIDFTOOOODoobooooooooooaoano

oooooooooooooboboooooboooooao
ocoooooOo0oO0oooOOOo(@ooboboooobooboOoonon

000000000000 (sided information)O OO

O
O

oobooobooboobooboobooboa

oooooooooooobobboooobobooooao

pTSOU 00 00O0O0O0O0OPARPODODODODODODOOCOCCOOOOOOOODOOOOOOOOO
ooooooooooooopPAPRODODODDOOOOOOOOOOOOOOOOOooOooOOO
oooooboobooobooobooobooboobooIwrfobboobooobooonn
uboboooboobooobouoboouoboobooboobooboobooboodnn

oooooooad

10

20

30

40

50



O

oo o oooooogogoo

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

ooooot T T T ogoob T T T Topooooooooooog b

(6) JP 2007-259445 A 2007.10.4

00000
PTSO0O0OO0OCODODDNOOODDNDNDOOODDNDNDOOODODONDOOOO

Doo0oo

00000000000 0000O00000O0O0(SLM:0 Selectived Mappingd Method)
O0O0O0DO00O0SIMDODOOODOOOODOODOOFNMIOODOOOODODOOOODODDOO
0000000000000 0O0D00000O0O0O0O0D0OO0OO0O0DNO0OO0OOO0O0ONooooaO
000000000000 000D000000D000000D000000000cCOO
0000000 COO0ONDDOOOODOODODOOOO

00000

000000000000 000D000000D0000OU0000000000000
Pu(u=1,...,0)0 0000000000000 00C0CO0O00O00C0O0O00000O000
0000000000 ONODOOOOO® 0,9 1,...0,.,0000000

000

P, = [ej¢5,ej¢1" _,ej¢f/-1]

b

¢, €(0.27], ue ..U}

gooooboooboooboooobooobooboooboonn

gooaao
ooooooNoOCOOOOOGOooooooooobobobobbbDOoOOoOoboboooooao
ooooooboooboooboooboocobooobooobooboobooboooan
gooadd
vwooooooooem0opPpOODODDODOOOOOOOOOCODODOOOOODOOOOO
ooooooooooooooobboboooobobooogogcecobbobooboboboooooo
puDODDODOOOOOCOOOOOUVDDODOOOFMOOOOCS,ODDOCSy,0O0OO0OnO
gooogao

ooorDMO O O OCS;,DOCSy0ODODOODDODOOOOOOOOOOOOOoOoooOoooOooOn
oooooooocs,oocsypoooooooooooooooooooan

ooano

1 &

1 )
s(t) = \/_]v_z chJZ”Aﬁs 0

n=0

IA
~
IA
ﬂ
N

OO0O0OC=(c,c;,000cy. ) 00O0D0ODO0OO0DDOODODODODOOONDODODDOOODODOOO

0000000000000 O0s(t) D0DOOPAPRODOODOODOOODOGOO
O0oog
2
_ max‘s(t)’ (3)

E{s()]"}
Oooe0o0oOOOO0OaGnOa
O00aoao
O0o0o0o0o0o0o0oo0oo0oo0ooooo0ooooooooooooNoOOoOOoOOO0OIFFTOOOODODO
I e e e O O
IFFTO OO OOOOOOIFFTOOOOODOOOOIFFTO O OOOONOOODOODOOIFFTO

10

20

30

40

50



OooooooogogQgogooQo

'_
=

OO oDooooDoeogooooooooooogeoooooao

OoooooooooooooooDooooogooooao

€ JP 2007-259445 A 2007.10.4

voooooooooooooboboboOooocoovuoDbDIrFrTOOOUvYO0, 00 70,00
ooogad
oo

O O PAPRO
PAPRO O O
o IFFTO O
ooooad

ooooOo0cs,00¢5,00000000000000000
000D000CS,,000000D000000D00000CSg,y
s w000DO0DDO0OOOODOOOIFFT0O0O0O0OO,,,000000
CcPO0O00OD0O0(@OODOODONONOODODDOOONODO)DO0O0O00O

[ |

Oo0oo0oood
OOoo0oood
OoOoo0oood
O 0Oooo

O o0Oooo

X

O

ogodad
ood
oodad
ooad

I I I B N R B A A O
yoooouwooooooooooouwiooooooooooao
oooooopPuD0OO0O0OOODODDODODODOOOCOOOOOOO
ooooooooooao

O0Ooo0oooao
O0Ooo0oo0ooao
O 0Ooo0oooao
I [ [y
O 0o oo
O 0o oo

LMOOOOPAPRODODODODODOOOOOOOOOOOOOOoOoOOOOODDODDODOODODOO
oo PARPO goboooobooobooboobooboobao
u uwiOogobooboobooboobooooad
O ooooooooooooobbooao
gooobooobooboobooboooan
ooooswwmboooooooooooao
goosmmMmooboooooobooonoao
uobooobooboobooboooan
osiMmbODoOOOOOOOOOOOGOGOo
g

oooooboooobooobooboo

Ooooooooo=0o0o00aoa0g
©C OO oOoooogooag
OooooooQgdg
OoOoo0oood
Ooooooooodg

oo ooooooQgodg
Oooooooogdg

O0Ooo0oo0oooao

ol
N O OOoOO0OOooOoQd

al
o O00oo0oQgoadg

o

o

o

~
Ooooooooodg
oo oooooogodg
Ooooooooodg
Ooooooooodg
Ooo0ooooooodg
Ooooooooodg
O 0Ooo0oooao
O0Ooo0oo0oooao
OO0Ooo0oo0oooao
OO0Oo0oo0oooao

ooogad
iMmObooooooboooboooboobooboobooboobooboobooodnn

O OO0 (APRO O ODO)O ooooooooooooao
ogooogoPAPRODOOO ooooobooobooobao
ooooobooooadd uooboooboobooobad
ooooooooooao ooad

O oOooo
O o0Oooo
O o0Oooo
O 0Oooo

O
O
O
O

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

PAPROOOODOOODOO
ooooooooooao
ooooobooooaoaano
ooooooTrROOOO

(TR) OO O0oOOoOOoDooooao
ODODO0OOOPARPODOODOO
O0Do0o0ooDooooooao
00000 (gradientd algor

OOoo0ooooao
OooooooQogogoao
OooooooQgogoao
OooooooQogogoao

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

O
O
O
O

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

oad

ithm)DO 00000000000 DODODDODDODDOOCOCOCOO0OO0OO0OO0OOoOooooooooooaDbod
clipping)D 000 QCDOO0OO0OODOOODODODOODODODODODODODOODODOODODODOOO

O

OoooooogooQogooao
OoooooogooQogooao
O
O
O
O
O
O
O

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

ooooooooooooooobobobobooOooocOocOoOO0OOoOoOolIFFTODD0DoooOoan
ooooooooooooooooobobbooboobobobooooooooooooao
oooooglrFTO00ooooboboboboobocbobototooooooooooooao
ooooooooooooooobobobobobooooboooooooooooooooao

O
O
O
O

goooobooTRODOODDODOODODOODOOFMOIODODDOODOODOO

gooaoao
uoano
ooogad

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

N-LOOODOOO0ODOLD
goboooboobad
oooooooooao

O
O
O
O

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

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

20

30

40

50



(8) JP 2007-259445 A 2007.10.4

uNoOobOoobooobodanN-toboboboobooboobooodnn
ooooooooooooooobobbbobooobobooooooao
goobooobooobooboobooLtoboooboooobooooad
ooooooLwtooooooooooooooooNOoDbooooo
chbLbooobogogooooocooooN-LOO0DDOODDOODOO
a goboooboooboooN-Ltoooboocoboobocoboboonoad
oNODODODODOOOOOOOOOooooooXxoN-LODDODODOOOOOOOOOoaoXxo
goboLtbboobooobooboooboobooboobocoboobooobooobOaoaoXo
uboboooboobooboobooobooaodan

oooooad
oooooooooocoLocobbobooooOoOoOoN-LODDDDOOOOOOOOOOOIFF
TOOoOOooOoOoOOoOoODoODODOOOOOCOOOIFFTOOOOO0OO0OO0OOOONOOOOINIFTOOAO

O 0Ooo0oooao
I [ |
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oo0ooao
O0Ooo0oooao

OO0O0OOIFFT0O0 00 O0DO0DDDDDODO0OO0OOO0OO0OO0O0O0O0O0OoooooooDoDoDDODDODaO
gooogogogooooooooooooooo0U0oUoUoUogoOooooooooooDoDoDao
oooooooooooobobbDooao
0o0o0oo0oooooooooDoDoDoDooo0o0oo0o0U0U0o0o0ooooooooDoDoDDoDOoDaOo
0ooooooooooooobobooDoDoOOoOCOO0O0U0oU0oUoUoOoOoOooooPOINFRFTO O
oooooooooooooobobbooofobobO0O0ooOoOoOoOoooooooobDbDDoDao
oooogooooooooooDoDoDoDoooo0oo0o0oUoUoooooooooooDoDoDoDao
goooogogooooooooobobobooopP000O0ODODDDODDOOCOOODUODUOOO
000OXooooooooOooooooooooooDoDoDoDXoooooooDoDooaoao
gooogogogooooooooooooooo0U0oUoUoUogoOooooooooooDoDoDao
oooooooooooooboDDbDDbDIFFTCOCO00D00O0O0DOODOODOODDODDDDDOGO
Oo0o0TROODODO0DODODODODODDDDODOOOOOODOOOOoOOoOoOooOooOoooDoDoDDoDDODDODaO
ooooooooao

oooogod
0o0oo0ogoooooooooTROODODOOOOODODUOUOOOoOoDOoOooODoOoOooOoDoDDODDODODODaO
gooogogogooooooooboboooofooO0U0oUoUoU0oUoOoogooooooobobbDoDDoDaO
00o0o0o0oooooooooDoDoDoDooo0o00o0o0o0o0o0ooooooo0ooDoDoDoDDDODaOo
gooogogogooooooooooooooo0U0oUoUoUogoOooooooooooDoDoDao
O0O00DOoO0OOog* AO noveld peakd powerd reductiond ford OFDM” ,0 S.H.O Muller,
0 J.B.Hubeer,O Proc.0O IEEEO PIRMCO * 97,0 Helsinki,O Finland,O SepO 1997,0 pp.10
90-94

OO0O0DO00000" AO comparisond of0 peakd powerd reduction schemes ford OFDM
" ,0S.H.Muller,0 J.B.0O Huber,O Proc.O IEEEO GlobecomO ' 97,0 Phoenix,O Arizona,
O USA,d pp-1-5

Oooooogogog* SLMO andO PTSO peak-powerd reductiond ofd OFDMO signalsO witho
utd sided information” ,0 A.D.S.0O JayalathO andO C.0O Tellambura,d IEEEO Transact
ionsd onO WirelessO Communications,Od vol.4,0 issued 5,0 Sept.d 2005,0 pp.2006-20
13

OO0O000O000" Toneld reservationd methodd ford PAPRO reductiond scheme” ,0 IE
EEO 802.16e-03/60r1,0 Park,O Sung-Eund etO al.Od Samsungd Elec.,0 IEEED 802.160 B
roadbandO WirelessO Accessl Working Group,O Novemberd 10,0 2003

oooooao

oooooooooao

ad
Oo0oDOoFDMOIODOODOODOODOPAPROODOODOODODOODOGOO

ugoooobodoaoan
O

OooOoo0oood
O0Ooo0oooaoo
I o B
OoOoo0oooaoo

g
a
O
a
u
O

10

20

30

40

50



e R ey [ s R s [y |

Z 00000 oooooooooo=20o00o0ao0o

) JP 2007-259445 A 2007.10.4

ocooooilgooooooooOoooOo@E@mMOWoOooooooooooooooooao
oooooooooooooooobobbboboooobooboooooooooooooooao
ooooooboooooobooobooobooboooboobooboobooboooann
ooooooooooooooooobooboobooooobobooboooooooooooooao
goooooboooooooboooboobooboobooboobooboobognob
uoobooobooooooboocoboooboobocobooboobooboobooodnn
oooooooooooooooobobbobooboooooboooooooooooooooao
gooooooboooboobooboooan

gooadd
oooooooooooooooobobbboboooobooboooooooooooooooao
ooooooboooooobooobooobooboooboobooboobooboooann
ooooooooooooooooobooboobooooobobooboooooooooooooao
goooooboooooooboooboobooboobooboobooboobognob
gooooaooad

oooogoad
goooooboooobooobooboobooboobooboobooboobognnb
uboboooboobooobouoboouoboobooboobooboobooboodnn
oooooooooooooooobobbboboooobooboooooooooooooooao
ooboooobooooooobooobooobooboobooooaoan

ooood
goooooboooooooboooboobooboobooboobooboobognob
oooooooooooooooobooboboooooooorMOO O OO OOOOOO
oooooooooooooooobobbobooboooooboooooooooooooooao
goooooboooobooobooboobooboobooboobooboobognnb
ugbobodagopPAPROODOODODOOOOODODOODOOODOOODOOODOOODOOOOOORO
ooooooooooooobobb:oooooooobobbbooobobooo0oooOooOoao
gobodprPAPROODODOODODOODOOODODOODODOODODOODODOODODOODOOOOOORO
ogooad
uooobooooboooboocobooboobooobooboobooboobooboodd
oooooooooooooooboboboboooooooooooooooooooao
gooooooooan

gooad

ooooooooooooooobobbobooooooNOoOoOooooooooooano
oooooooooooooooobbDbDbooboobobooooooogNOoooooano
ooooooooooooooooboobooboboooooooooooooooooooao
ooooooooooooooooobobboooobobobooooooOooooooao

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

O

O

O

O

O

oooooooooooooboooan
ooooooooooooobbDbDoao
oooooooooooooboooooan
ooooooooooooobboboDoOo0o0obOoNo

Oooooooogooooao
Ooooooooogoogogoo
Ooooooooogoogoao
oo ooooooogodg
O
O
O
O
O

O o0Ooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo

10

20

30

40

50



O
O

e s e Ry e e e e s I |

© 0O O
=
[ R |

e e R e s s e I |

e [ ey e sy sy [ |

e e [ s [y |

OoooooooooDoooooooooog
Oooooooo0ooDoooooooooog

Oooooooo0oooooooDooDooooooooood

Oooooooo0oooooooDooDooooooooood

O0Ooo0oooao

Oooooooogod
Oooooooogd
Oooooooogd
Oooooooogod

I Ry |
[ Ry |
[ Ry |

O 0Ooooo
O Ooooo
O 0Ooooo
O 0Ooooo

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

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

OooooooQgodg

O
O
O
O

O0Ooo0oooao

OooooooQodg

O0Ooo0oooao

OooooooQgodg

O0Ooo0oooao

OooooooQgodg

ogogad
ooano
ood
IFFTO

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

O0Ooo0oooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao

OoooooooQgodg
OooooooOodg
Ooo0oooQgodg

Oooooooogd
Oooooooogod
Ooo0oooogod
Oooo0oooogod

O0Ooo0oo0ooao

Oooo0oooOodg

O0Ooo0oo0ooao

Ooo0oooOodg

O0Ooo0oo0ooao

OoooooooOodg

O0Ooo0oo0ooao

OOoo0oooOodg

OO0O0Oo0ooooao
OO0Oo0oo0oooao
O0O0oo0ooooao
OO0Oo0oo0oooao
OO0O0oo0ooooao
OOo0ooo=n0

O0Ooo0oo0ooao

Oooo0oooQgodg

O0Ooo0oo0ooao

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

OoOoo0ooooOgodg

(10)

O0Ooo0oo0ooao

OoOoo0oooOodg

O0Ooo0oo0oo0oao

Oooo0oooOodg

O0Ooo0oo0ooao

OOoo0oooOgodg

O0Ooo0oo0ooao

Oooo0oooOodg

O

O0O0oo0oo0oooao
OO0O0Oo0oo0oooao
OOoo0oo0oooao
O0O0oo0oo0oooao
OO0Ooo0oo0oooao
OO0O0oo0oo0oooao
O0Ooo0oo0oooao
OO0O0oo0oo0oooao
OO0O0oo0oo0oooao

O 0Ooo0gooo
[ I |
[ I R |
[ I |

O0Ooo0oo0ooao

OOoo0oooOgodg

O0Ooo0oo0oo0oao

Oooo0oooOodg

O0Ooo0oo0oo0oao

OOoo0oooOodg

O0Ooo0oo0oo0oao

O0Ooo0oo0oo0ooao
OOoo0oo0oo0ooao
OOoo0oo0oo0ooao
OOoo0oo0oooao
OOoo0oo0oo0ooao
OoOooOoo0oo0ooao
OOoo0oo0oooao
OoOoo0oo0oo0ooao
OoOoo0oo0oo0ooao
OOoo0oo0oo0ooao
OOoo0oo0oo0ooao
OOoo0oo0oo0ooao
OOoo0ooo0ooao
O0Ooo0oo0oo0ooao

JP 2007-259445 A 2007.

O0Ooo0oo0oo0oao

O0Ooo0oo0oo0oao

O0Ooo0oo0oo0oao

O0Ooo0oo0ooao

O0Ooo0oo0oo0oao

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

O0Ooo0oo0ooao

ooad
ood
IFFTO

O0Ooo0oo0oo0oao
O0Oo0oo0oo0oao
O0Ooo0oo0oo0oao

OO0O0o0oo0oooao
OO0O0Oo0oo0oooao
OO0O0o0oo0oooao
Oo0Oo0ooOoogoe

O0Ooo0oo0oo0oao

O0Oo0oo0oo0oao

10.

O0Oo0oo0oo0oao

O0Oo0oo0oo0oao

10

20

30

40

50



ey e e e e R e Iy

O
O
O
O

(11) JP 2007-259445 A 2007.10.4

goooooboooboooboobooboobooboobooboobao

O
O
O
O

(0O0O0O0O0o)o

OooooooooogogooQg
oo ooooooogoogoQg
oo ooooooogoogoo-g
Oooooooooogoogoo-g
OooooooooogogooQg
OoooooooogogooQg
oo ooooooogoogo-g
OoooooooogogooQg
OoooooooQgooQgooQg
OooooooogooQgoQg
OoooooooogoogoQg
OoooooooogooQgoog
OoooooooOooQgoo
OoooooooQgoogoQg
Oooo0oooQgoao
OooooooQgoao
OooooooQgoao
Oooo0oooQgoao
OooooooQgoao
OooooooQgoao
OooooooQgoao
Oooooooogogoao
OoooooooogoogooQg
Oooo0ooooogoogoaoQg
OooooooooOoogoaoQg
Oooo0oooooogoaoQg
Ooo0oooooogoaog
Ooo0oooooogoaoQg
Oooo0oooooQoogooQg
OooooooogooOoog
Oooooooogoogoog
Oooo0oooooQoogoog
OOoooooooQgoogooQg

OooooooooooooogogQgogooQg
Ooooooooogogogoo-g

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

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

PAPRO

O 0Ooogoo
O 0Ooogoo

O O
O
O

oooooooooooooboboboboOooboboooooao
OFDMO
ubobouoboobooboobooboobooboodnn

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

oooooao
gooogogao
goooaoano
SLMO 0 0O 0O
goooogao

O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O 0Ooo0oooao
O0Ooo0oooao
OOoo0oooao
OOoo0oooao
O0Ooo0oooao
O 0Ooo0oooao
O Ooo0oo0ooao
O0Ooo0oo0oo0oao
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo

O
O
O
O

gooboboobooboobooboooboooan
oooooooswmoooooooooooano
goooswwmobooooooobooobooobooboao

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

0000000000000 O00O0PAPRDO OO
00000000000 O0000000000
00000000000 O000O0000000
O(SLMOODOO0O0D0O0O00O0O00OO0O(PTS)
00000000000 O00O0O00O000

Ooooooooooooooooooooogodg
O 0Ooooo
O 0Ooo0ooo
O 0Ooooo
O Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Oooo
O 0Oooo
O Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O O0oo0ooo

X

(TR)

I e e e s [ s [ |
I s e e e [ [ s [ |
[y e e e e ey ey R e Iy
[y e e e e ey R e Iy

g

oo ooooooooooooobobooboobooocoooooooooooon0oanswLa
pTSOOTROOO0O0O0O0O0OOOOODODOOOOOCOCOOOOOOOOOOooooooOoan
goooooboooobooobooboobooboobooboobooboobognnb
ooooooooooooooobobooooswwmoopPTSODODODO0O0OooooooonOoan
ooooooooTROODO0OODOODODDODODDODODOOOOOOOOOOOOOoOooOoooOooOoao

10

20

30

40

50



e R ey [ s R s [y |

Oooooooooooooo0oooooogoogogooao

Ooooooooooooooooooooogooooao
Ooooooooooooooo0oooooogooooao
Ooooooooooooooo0oooooooooao
Ooooooooooooooo0ooDoooogooooao
Ooooooooooooooo0oooooogooooao

OoooooooQogoQgQg
OoooooooQgoQgao
OooooooQgooQgQg
OooooooQogoQgao
Oooo0ooooQgooQgQg
OooooooQgooQgQg
OooooooQgooQgQd
Oooo0oooQogogoQd
Oooo0oooQgoQgQg
Oooo0oooQgoQgQd
Oooo0oooOooQgoQd
OooooooOoogoQd
OooooooOgoogod
OooooooOgoogoad
Oooo0oooOgooQgQd
Oooo0oooOogoQgo
Oooo0oooOooQgad
OooooooOoogoaQd
OooooooQgoQgad
OooooooOogoQgad
OooooooOgoogoQd
OooooooOoQgaQd
OooooooOoogod
Oooo0ooooOoQgd
OooooooOoQgQd
OooooooOoQgd
Oooooooogogad
Oooo0ooooogod
Oooooooogoogoad
OooooooOogoad
OooooooOgoogad
Oooo0oooOoogoaQd
Oooo0oooogoad
Oooo0oooOoogoad

Oooooooooooooodooooooooag

Ooooooooooooooo0oooooogoogoooao

Ooooooooooooooo0oooooogoogoooao

Ooooooooooooooo0ooooooogoooao

OooOoo0oood
OooOoo0oood
OooOoo0oood
OooOoo0oood
OooOoo0oood
OoOoo0oood
OooOoo0oood
OooOoo0oood
OooOoo0oood
Oooo0oood
Oooo0oood
OooOoo0oood
OooOoo0oood
OooOoo0ooood
OooOoo0oood
OooOoo0ooood
OooOoo0ooood
OooOoo0oood
OooOoo0oood
OooOoo0oood
OooOoo0ooood
OooOoo0ooood
I B
OooOoo0ooood
OooOoo0ooood

O
O
O
O
O
O
O
O

OooOoo0oood
OooOoo0oood
OooOoo0oood
OooOoo0oood
OooOoo0oood
OoOoo0oood
OooOoo0oood
OooOoo0oood
OooOoo0oood
Oooo0oood
Oooo0oood
OooOoo0oood
OooOoo0oood
OooOoo0ooood
OooOoo0oood
OooOoo0ooood
OooOoo0ooood

O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
(]

O
O
O

O
O
O

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

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

ooad
PAPRO

O O
O O
O O

TRO

O
O
O
O

(]
O
O
O

O 0Oooo

(12)

O
O
O
O

O 0Oooo

O 0Oooo

O 0Oooo

O 0Oooo

JP 2007-259445 A 2007.

uobooboobooboooad
ooooogoad

oooooag
gooogooao
gooaoan
PTSO O SLMO
gooooano
goodad

O

O 0ooo

O

O 0Oooo

O

O O0ooo

O

O 0Oooo

O

O O0ooo

O
O

O 0Oooo

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

O 0Oooo

OooOoo0ooood
OooOoo0ooood
Oo0Ooo0oood
OoOoo0oood
OooOoo0oood
OoOoo0oood

O 0Oooo

O 0ooo

O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao

O 0Oooo

O O0ooo

O 0ooo

O 0ooo

oo
gd
auad
oad
ooao
PAPRO
ooad

O 0Oooo

OoOoo0Ooood

O 0ooo
O 0Oooo
O 0Oooo
O

O

10

20

30

40

50



e R ey [ s R s [y |

e e ey e ey sy [ |

e e ey e s [y |

e [ sy |

e [ ey e [ s [y [ |

e [ ey e e sy |

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

OoooooooQgoao
Ooo0oooogooQgoo
Ooo0oooogoQgoo
Ooo0oooogoQgoo
Ooo0ooooQgoo
OooooooQgoo

Oooooooodg
Oooooooodg
Oooooooodg
Oooooooodg
Oooooooodg

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

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

O 0Ooo0oooo
O 0Ooo0goooo
O 0Ooo0oooo
O 0Ooo0goooo
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0goooo
O 0Ooo0goooo
O 0Ooo0goooao
O 0Ooo0oooao
O 0Ooo0oooo
O 0Ooo0goooao
O 0Ooo0oo0ooao
O 0Ooo0goooo
O 0Ooo0oooo
O 0OooO0oooo
O 0Ooo0oooo
O 0Ooo0goooao
O 0Ooo0gooao
O 0Ooo0goooo
O 0Ooo0goooo
O 0OooO0oo0ooo
O 0OooO0ooOooo
O 0Ooo0oooao
O 0Ooo0goooo
O 0Ooo0oo0ooo
O 0Ooo0ooOooao

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

OooooooQgodg

OooooooQodg

OooooooQgodg

OooooooQgodg

OoooooooQgodg

OoOoo0oood
OooOoo0oood
OooOoo0oood
OooOoo0oood
Oooo0oood
Oooo0oood
OooOoo0oood
OooOoo0oood
OooOoo0ooood
OooOoo0oood
O0Ooo0oooao
O 0Ooo0ooao

O 0Ooo0ooao

OooooooOodg

Oooooooogd
Oooooooogod
Ooo0oooogod
Ooo0oooogod
Oooooooogodg
Oooooooogod
Oooooooogd
Oooooooogd
Oooo0oooogod
OoOoo0oo0oooao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao

Ooo0oooQgodg

Oooo0oooOodg

Ooo0oooOodg

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

OoooooooOodg

OOoo0oooOodg

Oooo0oooQgodg

OoOoo0ooooOgodg

(13)

(OFDM) O

OoOoo0oo0oooao

(OFDM) O

I o A

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

(OFDM) O

OoOoo0oooOodg
Oooo0oooOodg
O0Ooo0oo0oood
O0Ooo0oo0ooao
O0Ooo0oo0ooao
O 0Ooo0oo0ooao

Oooo0oooogodg
OoOoooooogod
OoOoo0ooooogodg
Oooooooogod
OoOoo0ooooogodg
OoOoooooogodg
OoOoo0oooogodg
OoOoooooodg
OoOoo0ooooodg
OoOoo0ooooogodg
OoOoo0ooooogodg
OoOoo0oooogodg
OoOoo0ooooogod

OooOoo0oood
OooOoo0ooood
OooOoo0ooood
I B
OooOoo0ooood
OooOoo0ooood
OooOoo0ooood
OooOoo0ooood
OooOoo0ooood
OooOoo0ooood
OooOoo0ooood
OooOoo0ooood
OooOoo0ooood

O
O
O

O
O
O

OOoo0oo0oo0ooao
OOoo0oo0oo0ooao
OOoo0oo0oo0ooao
OOoo0oo0oo0ooao
OOoo0oo0oo0ooao
OOoo0oo0oo0ooao
OOoo0oo0oo0ooao
OOoo0oo0oo0ooao
OOoo0oo0oo0ooao
OoOoo0oo0oo0ooao
OO0Ooo0oo0oo0ooao
O0Ooo0oo0oo0ooao
O0Ooo0oo0oo0ooao
OOoo0ooo0ooao
OOoo0oo0oo0ooao

JP 2007-259445 A 2007.10.

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

O 0Ooo0ooao
O 0Ooo0ooOoao
O 0Ooo0ooOoo
O 0Ooo0ooOoo
O 0Ooo0ooao

uooooooad

ad

OoOoooooogod
OoOoooooogod

OooOoo0ooood
OooOoo0ooood

O 0Ooo0ooao
O 0Ooo0ooOoo

O 0Oooo
O 0Oooo

uoano

000000000000
(DSP) DO D DOOODOO0
000000000000
000000000000

10

20

30

40

50



e R ey [ s R s [y |

Dooo
Dooo
Do0oo
Dooo
D000
(OFDM) O

OooooooQgoao
O
O
O

=0 0o0o0oo0oo0oooo

W)
o/

,\
(@)
Oooooooo0oooooooDooDooo ToDoooooogdg

OO0 oo oDoooo oo oooooQgoooo
OO0 o0ooooooo oo oDooooQgoooo

Oooooooo0o0oooooo00 oo oDooo oD oo oDoDoDoDoo0 oo oDoDooo0oooDoooogoQgog

O

OFDMO
oodd
ooano
uoano
ogodd
ooano
OFDMO
oono
OFDMO
oodd
ooano
uoano
ogodd

e e e ey e ey [ ey sy |

[ |
[ |
[ |

oo ooooooQgodg
oo ooooooQgodg
oo ooooooQgodg

OooooooQgoao
OoooooooQgoao
OooooooQgoao
OoooooooQgoao
OooooooQgoao
OooooooQgoao
OooooooQgoao
OooooooQgoao
OooooooQgoao
Oooo0oooQgoao
Oooo0oooQgoao
OooooooQgoao
OooooooQgoao
Oooo0oooQgoao
Oooo0oooQgoao
Oooo0oooQgoao

O

OOoo0oood
O 0Ooooo

O
O
O
O

O O
O O
O O

‘I'I
OooOoooogogo@ed

OooooooQgogoao
OO oooooed

oogad
OFDMO
uoano

=

OooooooQogogoo

[ |

oo oooooogodg

O

O
O
O
O

O
O
O
O
O

O
O
O

O Oooo

oo oooooogodg

O

O
O
O
O

Ooo0o0o0oood

Oooooooogodg

Ooo0o0oagao
BO NodeBO

O

O
O
O
O

O0Ooo0oooao

O

Oooooooodg

OOoo0oood
OO0oo0o0oood
OOoo0o0oood
OOoo0oood
OoOoo0o0oood
OOoo0oood
I A
Oo00Ooogse

O o swmb PTSO
PAPRO O O O O
OFDMO O O O O

O
O
O
O

PAPRO
ooad

oo ooooooQgodg

ogooad
0 OFDMO
oooad
uoano

(14)

oooagd
CD-ROMDO

Oooooooodg
Oooooooodg
Oooooooodg
Ooooooooodg
OooooooooOodg
Oooooooodg
Oooooooodg
Oooooooodg

m

Ooo0Ooo0o0oood
OOoo0oood
OO0oo0oood
Ooo0oo0o0oood
OoO0oo0o0oood
OO0oo0o0oood
OoOoo0oood
OoOoo0oood
OoOoo0o0oood
OoOoo0o0oood
OoOoo0oood
Oo0Ooo0o0oood
OoOoo0ooood
OoOoo0oood
OoOoo0o0oood
OOoo0o0oood
Iy A
OoOooO0o0oood
Iy A

gobooobodad
ogoad

ooooag
oooogoao
OFDMO O O
0 O orbMO O
0O 000OoFDMO
ooooood

O0Ooo0oooao

goooooaoaad
oooooooad
gooooooao

Oooooooodg

Oooooooogod
Oooooooogod
Ooooooood
Ooooooood
Ooooooood
OoOooooood
OoOooooood
Ooooooood
OoOooooood
OoOooooood
OoOooooood
OoOooooood
OoOooooood
Ooooooood
OoOooooood
OoOooooood
OoOooooood
OoOooooood

Ooooooooodg

Oooooooodg
Ooooooooodg
Ooooooooodg

©S OO oOgogao

ooano
oogad
ooano

JP 2007-259445 A 2007.

Ooooooooodg

Oooooooodg

(]
O

uobooaood

O

Oooooooodg

O

O

Ooooooooodg

O

Oooooooodg

O

OoOoo0ooooodg

uoano
ooad
ooano

O

OoOoooooOodg

O

OoOoo0ooooOod

O

OoOoo0ooooOod

PAPRO

OOoo0oo0oooao
O 0Ooo0oo0ooao

O

OOoo0oo0oooao

uoano

O

OOoo0ooooOod

O 0Ooo0gooo

O

OoOoooooOodg

O o0Oooo
O o0Ooo0ooo

O

OoOoo0ooooOodg

PAPRO
ogoad
ooano

gooaoad
0 oFDMO O
goooaod

OOoo0ooooodg

Oooooooodg
Oooooooodg

O
O

O

OoOoo0ooooOod

O 0Ooo0oo0oo0oao

10

20

30

40

50



(15) JP 2007-259445 A 2007.10.4

n

DDDDDDD;
Oooooooogdg
Ooooooooodg
Ooooooooodg
Oooooooogdg
Oooooooodg
Oooooooogdg
Oooooooodg
Ooooooooodg
Ooooooooodg
Oooooooodg
Ooooooooodg

ood
ooad
OFDMO
ooad

OO0oo0o0oood
Ooo0oo0o0oood
Ooo0Ooo0oood
OO0Ooo0o0oood
Ooo0Ooo0o0oood
OoOoo0oood
Ooo0Ooo0o0oood
OOoo0o0oood
O0Ooo0o0oood
Ooooooe
oo ooog9e
(S s O s R

[ i Ry |
O O o

Oooooooodg
O O o

Oooooooodg
Ooooooooodg
Oooooooodg
Oooooooodg
Oooooooodg
OoOooOoogooe

T

DDDDDDDg
Oooooooogod

Oooooooogodg
O 0o oo

O 0o oOoo
O 0o oOoo

OOoo0oo0oooao
OOoo0oo0oooao
OOoo0oo0oooao
O Ooo0oo0oooao
O0Ooo0oo0oooao
O Ooo0oo0oooao
O0Ooo0oo0oooao
O0Ooo0oo0oooao
OOoo0oo0oooao

OFDMO
OFDMO

Oooooooogd
Oooooooogd
Oooooooogod
Oooo0oooogod
Oooooooogod
Oooooooogod
Oooo0oooogd
Oooooooogod
Ooo0oooogod
Ooo0oooogod
Oooooooogod
Oooooooogodg
Oooooooogd
OO ooOooooe
OO0Oo0oo0oooao
O0Ooo0oo0oooao
OO0Ooo0oo0oooao
OO0Ooo0oo0oo0ooao
O0Ooo0oo0oooao

n

DDDDDDg
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0oo0oooao
O 0Ooo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Oo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oo0ooao

ooano
ooad
OFDMO
uoano
ooad

OoOoo0ooooao
OoOoo0ooooao
OoOoo0oo0oooao
OoOoooooao
OoOoo0ooooao
OoOoo0oo0oooao
OoOoo0ooooao
OoOoogoooe
O 0Oo0oooao

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

0 OFDMO
ugooad
OFDMO O
gooad

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

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

O

O

O

O

O

O

O

O

O

O

O

O

O

O

oono
ooano
OFDMO
ooano
u uoano
OFDMO oodad
ooooobooooooboooobooobooboooboobooboobooboooann
oFDMO OO OOOOGOOooooooOOoODODDODDOOOOOOOOOOoooooooano
g

oo
oooooooooooooobobobooboooooboooooooooooooao
gooooobooooboobooboobooboobooboobooboonnb
ugobooobooboobooboobooboobooboobooboodnn
ooooooooooooooobobooboooooboboooooooooooooao

O O0ooo
O Ooo0ooo
O0Ooo0oooao
O0Ooo0oo0ooao
O0Ooo0ooao
O0Ooo0oooao
O0Ooo0ooao
O0Ooo0ooao
O0Ooo0ooao
O0Ooo0oooao
O0Ooo0Oo0ooao
O0Ooo0Oo0ooao
O0Ooo0oooao
O0Ooo0o0ooao

OoOooooooo0o0oooooo0 oo oDooooD oo oDoDooooooDoDoDooooooooodg
O Ooo0ooo

OoOoooooo0o0oooooo0o oo oDooooD oo oDoooooooDoDoDooooooooodg
OoOoooooo0o0oooooo0o oo oDoooo oo oDoooooooDoDoDooooooooogdg
e [ O e e [ e Y Y i [
e [ e e e e e e = e [ A [

O0Ooo0oooao
O0Ooo0oooao
O0Ooo0ooao
O0Ooo0ooaoo
O0Ooo0ooao
O0Ooo0ooaoo
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0o0ooao
O0Ooo0oooao
O0Ooo0o0ooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao

[ S [ [ e e ) e e e e e [ = e [ I
O OO0 0god

Ooo0o0ooood
OooOoo0oood
OoOoo0oooaoo



(16) JP 2007-259445 A 2007.10.4

uoano

oooooad

gorDMO OO OO OOODODODDDDODOOOOOOOFMMMOIOOODODODOODODDDDOGDODAO
ooooooooooooooboboobooooocoboooooooooooooo0obDbOoFDM
gooooobooooboooboooboobooboobooboobooboobogobao
ocoooooO0O0oOO0oOoOooOOoOooooDO0oOooDbDO0O0oo0DODO0OO0OOoDOO0d (picture)0 d
ooooooooao

gooooan
uobobooboobooboobooboobooboobooboobooboobad
ooooooooooooobboboooooooooooooooooobobDbODbODOao
OoOO0O0O0O0OO0O0O0Q0o00O0oo0DO0O0Oo0O0ODO0DO0OO0OO0OD0OO0OO0OQ0DOOd ((excessO amount)d O
ooooooooooooooboboobooooocobooooooooooooobobDbODODOao
goobooobooobooooFrDMODOODDOODDOODDOODOODDOODDOODOODOO
uoooboooboocoboocobooobooobooboooboobooboobooboobao
oooooooooooooorDMODOOOOOOOOOOOOODOoOOOOODDODOODODOO
Oooo0oooooooooooboDbDbDoDDoDOoOoOOoACPhHODDDDODODO

ugoodaoan
ooooooooooooobboboooooooooooooooooobobDbODbODOao
ooooooboooobooobooooboooboobooboobooboobooboobao
oFDMO O O OOOOOOoooooooboboDbODbOODODOOOOOOOOoOOooooooooao
orOMOD OO D OOODOOOOOOODDODOODDODODDOODDOODDOODDOODOODOOD
ooooooooooooooboboooococoooooooorMObOOODODDODODOODOO
ooooooooao

gooooan
uobobooboobooboobooboobooboobooboobooboobad
ooooooooooooobboboooooooooooooooooobobDbODbODOao
oooooooooooooorDMODOOOOODODODOOOOODOoOoOoOOoOoOOoODDDDODOOO
ooooooooooooooboboobooooocobooooooooooooobobDbODODOao
(CP)ODDODDOOCOOOO0OO0ODODO0DUOODOOODODODODODDDDDODOOO

gooaoan
ooooooooooooobobobooooocooooooooooooooboboDbODODOao
gooorMODOODOODOODODOODDOODODOODOODOODOODOODOODOOO
uobobooboobooboobooboobooboobooboobooboobad
ocoooooOO0O0O0oOOOO0oOooObOO0oOooOobOO0oOooODbDO0DO0ooODO0O0ODDODOODCES)ODDOO
gobooouvobooboooooobooobooctouwobooboobooboooobooonoad
ooooooooooorMOODDOUOOOOOOODODDODDODDODODODOOOOOOOOOO
gobooobooobooobooACPODODDOODDOOUVLODOODDOODDOODOODOO
uobobooobooobooaooboaoan

oooooad
goooobooboooboobooboobooboobooboobooboobao
oooogorbMOOOODOODODDODDOOOOOOOOOOODODODOODOOODDODDODODDODOO
ooooooooooooobboboooooooooooooooooobobDbODbODOao
oooooooooooooobbDbooboOoboOooooeorMOODODODOOODDDDODODRO
ooooooooooooooboboobooooocobooooooooooooobobDbODODOao
gooooobooooboooboooboobooboobooboobooboobogobao
uoooboooboocoboocobooobooobooboooboobooboobooboobao
o(TS) OO0O0O0CDOOOO(DOO) OBODODOODODODODDODODODODDODDODOODODOODO
goooobooooboooboobosobboobooboobooboobooboan

oooooooogordMo OO O
ooooooogAcPOOOOOOOOOOO

pbbOooboooboooboobooboobooooboaadd

10

20

30

40

50



uoano
ogdd
ooano
OFDMO
ooano
ooano
oogd
ooano
OFDMO
pmO O

O
O
O

=

e e e e [
OoOoooooo0oooooooo0 oo oooo oo oDooooooDoooogogoQgodg

e s [ e = e e [ [ Y |

uoano
ogogad
ooano
ood
ooano
OFDMO

O
O
O

oo ooooooooooooo
oo oooooooOooooooo
OO0 oooooooOooooooo

O 0Ooo0gooo
O 0Ooo0gooo

Oooooooogd
Oooooooogd
Oooooooogod
Oooooooogod
Oooooooogod
Oooooooogodg
OO ooOoogoooe

O 0Ooooo
O 0Ooo0oooao
OooooooogoQgdg

Oo0oooDoooo o0 oo oooo0o o oDoDooogooo
OooooooogoQgodg

PAPRO

[ |
[ |
[ |

O

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

Oooooooo0ooooooo00 oo oDooo oD oo oDoDoDoo0oooDoDoooo0oooDoooogoQgg
O
O

[ R e s e ) e R s [y [ |

OooooooooooooQgdg

O
O

Ooo0oooogoQgoo
O O0O0o0o000oooao

~
—
~

OO0 ooooooooooooo
oo ooooooooooooo

O 0Ooo0oooao

O Ooooo
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oo0ooao

O

oooouooBeRO OO 0OO0DOOOOOOOOOOOO

T

oo oOooooo9e

Oooooocooooooao

oo o ooooogogoo
Oo0ooooooooooao
Oo0oooooooooooao
OOoooooooooooao
OOo0ooooooooooao
OOo0ooooocooooooao
Do oo oooooOoooog

O

17

'I'I
O o0 oooooooooao

M

O

g
a

(@)

m

lw)

=

O
Ooooooooooooaoo
Ooooooooooooao
Ooooooooooooao
Ooooooooooooao
Ooooooooooooaoo
Ooooooooooooao
Ooooooooooooao
Do oooooooooedg

JP 2007-259445 A 2007.

n

Ooooooooooo S o

=

OOoooooooooooao
Oooooocooooooao
Ooooooooooooao
OOoooooooooooao
SCoODooooooooooag

n

10.

S oo ooenoooooog

ACPOOODODOOOOOOOOUOUOUOOOOoOoOoooooan
ood

=

Oooooooogod
Oooooooogodg
Oooooooogod
Oooooooogodg
S oODoOooOoogoooog

n

OFDMO
ooad
oono
OFDMO
ooad
ooano

O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao

ooooooad

O
O

O
O
O
O

OFDMO
uoano
ooad
ooano

ood
oooad

S o0 ooogoao

=
O

O

ogodad
ood
OFDMO

O

O 0Oooo

O 0Oooo
O 0Oooo

O O0ooo

a
O
g
a
O
g

O 0Oooo

Oooo0ooooogod
OoOoo0oooogod
OoOoo0ooooOgodg
OO ooOooooe

ooano
ooad
OFDMO
ooano
ooad
ooano

O 0Oooo
O 0ooo
O O0ooo

O 0Ooooo
O 0Ooooo
O 0Oo0oooao
O 0Oo0oooao

O

O 0Oooo

T

oo oooogogo9e

O

O 0Oooo

=

OO0Ooo0oo0oooao
OO0Oo0oo0oooao
OO0Ooo0oo0oooao
OO0Ooo0oo0oooao
OO0Oo0oo0oooao
OO0Ooo0oo0oooao
OO0Ooo0oo0oooao
OO0Oo0oo0oooao
OO0Oo0oo0oooao
OO0O0oo0oo0oooao
OO0Oo0oo0oooao
OO0Oo0oo0oooao

O 0Oooo

O 0Oooo

O 0Ooooo

O 0Oooo
O 0Ooooo

O

OFDMO
ACPOODODDOOOCOOOUOOUOOUOOFMOOODODODDODDDODOGDODAO

O 0Oooo

O 0Oooo

O 0Oooo

a
O
g
a

[ B |
O 0Oooo

O

PAPRO
oodd

O 0Oooo

O 0ooo

O 0Oooo

ooano
ooad
OFDMO
ooano
oodd
ooano

O 0ooo
O 0Oooo
O 0Oooo

O 0Ooo0oooao

O 0Oooo

10

20

30

40

50



(18) JP 2007-259445 A 2007.10.4

00000000000 00000000000000000000000000000
00000000000 0000D000000O0000000000000000000A0
00000000000 0000D000000D0000000000000000000
00000000000 000000000QPSKOOOOOODO0000O0O00000000
00000000000 0000D0O0O00O0O0D00000O0D000000D0000O0O0aO
00000000000 0000D0000000000000000000000000
00000000000 00000000000000000000000
Ooooo0oo
00000000000 0000ONDDOOOODOOOOODODOOOODO0O0O000OX
,00X_,000000000000000000D00000000000000000
000000000000 000D000000D000000D0000000ACSOOO
0000000000 00000X,00X,.,0000000000000000000
00O0D0O0000X,00X,.,000(@O000000)0000
ooooOo
000000000 ONOOOOOOORX,OORX,.,000000000X,00%,.00
O00D0DO0OO0OO0OO0OACSOOOOOODOOOORX,00RX, ,00000000000000
00000000000 000000000X00X,.,000000M0O000000
0)DoOoOoooao
ooooO
0000000000 00000000000ACSOOODOOO0O0O0O0DOO00O0OOFD
O0O0O0OO0O0ONx TsOOOOOTs0O0OO0OOD0O0O0DSOOO0O0O0O0OO0OOOO0O0PSOOD
oooooooo
0000
00000000000 0000D00000O0D00000O0D000O0O0O0O0O0O00aOo
0000000000 00000000000000000OPAPRODODOOOOOO
00000000000 0000000000O0ONIOOOOODO0O0O0O0O0O0O0000
00000000000 0000D00000(OO0) 0000000000 O0O0oOaO
0000000000 000000O0NIOOODO0O0O0O0O0O0O0000000000
0O0O0D0O00O0ONODDDODOOODODOODOOODODODOOODOOOOOODO0O0O0O
000000000000 0000O000
0000
O0OO0OOOOPARPODODOOOOODODODOOOODODOOODODODOOOD()OIOO
00000000000 000000000000000000000000000
000000000 OOO0PAPRODOOOOOO()OIODONONONONOODOODOOOO

O OODOPAPRODOODODDOODOODDODODODOODOODODOGOAO(ACP:O Accumulatedd C

e e [ e A e [ |

|

ippedd Power) D O ODODOOCODOOOODOOOOCDOODOODDOODODOACPODOOODOGO
oo0ooDoo0oboo0oo0obOo0oo0obOoo0obOoO0bPAPRODACPODODODODDOODOODOORDO
uooobooooboooboocobooboobooobooboobooboobooboodd
oooooooooooooooboboboboooooooooooooooooooao
goooooboooobooobooboobooboobooboobooboobod
goboaopPAPROODOODDODOOOOOPARPODOOOOOOOOOOOOOOOOGOO
oooooooooooooobobbDbACSOO0oOoooan
gooad
oooooooooooooboobobobobOoOOoOocooOoooogXxyooxy.,oooao
oooDoo0obo0oo0obOo0oo0obo0oo0obo0oo0bo0oo0obDO0oO0DbDORX,ODDORXy.,OIFFTODOOO
gobogIrFrFrTO00D 00000 OoOO0O0bOO0OO0ObOOn0nRX,00ORXy.;O0000NODODADO
IFFTO O O0O0O0O0ODOIFFTOOOOTrx,00rxy,_, 00000000000 D0DODODOOCODO
gooooboooboooboobIFrFTODOO0DOOO0ODOOO0DODOODODOODODOODOOO
coooooOoOoOo@bFH)D0ODO00COO0DO0OOoODODDODOOoOODODOOn
ooogad



(19) JP 2007-259445 A 2007.10.4

O0O0OOOIFFT0O0O0O0rx00rx,_.,0000000000000000000000
00000000000 0000D000000O0000000000000000000A0
00000000000 0000D000000D0000000000000000000
O00O0O0O0O00O0OROODOOOOODOOOOOOO0

Oooo0o0o

00000000000 0000D000000000000000000IFFT00000
000000000 O0O0000O0O0O0O00OPARPDOOONOOOODONONOOOODOOOOODO
000000000 O0O0O0O0OO0OO0OOO0OIFFT0O0O0OTrXx,00rx,.,000000000O
0000000000000 00O0O0IFFI000000000000000000000
00000000000 0000O000000O000000O0O00IFFTOO00O0TrXx,O00T
x,.,0000O0000O0OO0OO0O0a0O

oooooao

OIFFT0 00000000000 ORXXx,0OORX,. ,0000O0NDODOOODODOODOOOODO
00000000000 0000D0000000000000000000000000
0000000000 00000000X00X,.,00000000000000000
000000000000 000D0O0O00O0O0D0000O0O0D0O0000O0D0O0000O0aO
00000000000 00000000000000000000000000000
0000000000

oooo0oao

00000000000 0000O000000O0O00PAPROOOOOOOODOOOOODDO
00000000000 0000D0O0O00O0O0D00000O0D000000D0000O0O0aO
000000000 O0OO0O0O0O0OPARPODOOODODONONOOOODONONODOOODOOOOOO
000000000 OOPARPOODODONONOODOODONONOOOODOOOOOODOOOOOO
0000000000000 00O000000O000PTSOOOO0OOOOIFFTOOOOO
0000000000 0000000000000000000000000000PARP
000000000 O0OO0O0O0O0IFFI00O0OO0OOO0O0O0O0O0O0O0O000000000000
000000000 D000000D0O0000O0O0O0000O0OPARPODOOOOOOOOODO
0ooo

Oooo0o0o

oooo0oao

00000000000 0000O000000O00000OFMOIOOOOODOO0O0O0OO
00000000000 0000O000000O00000000000DO0 (regular)d O
00000000000 000000000000000000X00X,.,000000
0000000000 00000O000000O00000O0ORX,00RXy.,000000O
00000000000 0000D000000D0000000000000000000
0000000000 00000000000000000000000OR,,0000
000O0O00X, 00X, ,00000000000000000 ORp,=10000RXy=Xy_,0
RX,=X,0 0000 000000000R,,000000000000000000000
ODACSOOODOOO

Ooooo0oo

00000000000 00000000000000000000000000000
00000000000 0000D000000O0000000000000000000A0
00000000000 0000D000000D0000000000000000000
00000000000 0000D0000000000000000000000000
00000000000 0000D0O0O00O0O0D00000O0D000000D0000O0O0aO
00000000000 0000D0000000000000000000000000
000000000 ORADODODODOOOOOODONOONOOODOODOOOOOODOOOOOO
000D000(@OD0O0D00O0O0)I0DO0O0O0ODO0O0O0O0OO0O0O0O0OO

oooooao

00000000000 0000D000000O0000000000000000000A0



OCogoo T T o
O Oooo

O 0o oo
O 0o oo

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

oOooooooooo X
e e T e O o s A s
e e T e O o e A o

s B B B

oad

Oo0oDD0DO0O0O0000
oooo
Oo00DD0DO0O0O0000
Ooo0DD0DO0O0O0000
C"=R(C,r)0 O O (4)
OOocrDO0O0O0O00OO

c'*'=(cN-10 cOO O O
0D0O00DO0O0O0oo0oon

oooooood
Oood

ogogad

O

(20)

gobooobodad

JP 2007-259445 A 2007.10.4

OoO0O0ooOO0O0ooOOo0OooooOoooooooDOdRe

ooooooooooao

uoobooobooboobooboobooboooboaodd

cN-2)0 O O (5)

uoboobdouoboobooboobooboobaoadd

Repy = mirn (¢,)

max

2
sr(t)l

E{

(
O
ogogad
Ood
oooad
ood
oad
oooooad
O

S}‘

oooooooooooao
oooooooooooao

6),(7)00(8)0 00O
0000000000

goooooooaoan

gooooaoooaoan

1 N ~1
= — cr

2
ST 3

10

OCOoO0O0O0O0OO0O0O0O0OD0O0OOQCDPAPRODODO(GB)Y DO ODDODODOOODOPAPRODDOOO
ooooooooooooooboboboooOoano

20

30

ooooooooooooooobobbobDo0Ooee)ooano

golrFFrT00oooan

goooobooooaoaand

oFDMO D O ODOOGOGOO

ndodoooooooad
ooooooad

ugoodaoan

(e)boooooopoooood

gobooobooobooobooaoan

40

goboooboooboooboaodan



[ e T e T e Y e B e |

oodaoad
r+1 r
Sn = Sn, T
ogooagad

OoOoooooo0o0ooDoooo0oooDoDoooo oo oDoooooooDoDoDooooooooogdg

4

VN

w

(21) JP 2007-259445 A 2007.10.4

¥ jzﬂ(N—l)AfTsns jz”AfTsns
cy-1e e (10)
, J2RAMT (n,
CN-1@

OoODO0O0o00O00O0O0OD0O0DO0oo0ODDO0O0Oo0X,00Xxy,.,0000@DODOYr=00000)IFFT
ocoooooO0oOooooOooooOooooDOooooOoOoooOoorFMODOODODCDO
r=100N-1)0000o)00oo0O0Ooooooooboooobao

Ooo0OoO
0000000000000 0O0D00000O0O0O0O0D0OO0OO0O0DNO0OO0OOO0O0ONooooaO
O0OODOOOOIFFI0OOODOODO0DOOODOOOOOOOPAPROODOODONODOOOD
O0CODOOOOIFFI0ODOOOODO0DODOOODOONX,00X,.,00000000000¢0
00O ODO0DONDOOOOIFFTOOOOOCOr=000000IFFTO0O0O0OO0O0O00O
O0OOOIFFTO00DO0O0O0r=000000FDMOOODO0OOODOODONOOOODOODODOO
0000000000000 00D00000O0O0O0O0D0O0OO0O0DNOo@oO)INNonoOD
r=100r=N-10 0000000000000 000000000000

Ooo0OoO

0000000000000 0O0D00000O0O00000OPAPRODOOODOODDODOOD
OPAPRO0DDOOODODODODODODDODODOODODDNOOCODODODOOOODODODDOOOO
OOPARPODDOOOODODDOOODON()ICODOIODOOOODOOPAPROOE rO 000
O0O0O0DO0O0DO0OO0OCOOOOPAPROOOOOOOOOOPAPROOIODDOOCOODOODDDOODO
O0O0O0O0O0O0O0OR,, 00000000

Doo0oo

00000000000 000O0O000R, 0000000000000 O0O00O0O00O
0000000000000 0OO0O0O00D0O0OO0ODO0NOD0OOO0O0ODNOoOOoOO0O0OoooooO
(00D0D0D0)DO0DO0D0O000D0DO0D0O0DO0D0OOONODONONDOOODO0ONDOOOODO0ONDOoOoOoO
0000000000000 00D00000D000000D0000000000000
O0DOCOOOWIMMAXOOOLANDOODOODOOOOODODOOOOOODOOOOOO0OO0OO0OOO
O00O0D0O0D0D000DOORANDLCEDUTRAND 460 0000 O O

00000

Doo0oo

0000000000000 00D00000D0000000000000000000
O0OOO0OO0OO0OORADDOOOODODODOCOOODODDOOCOOOODOOCOOOODDOOOO
0000000000000 0O0D00000O0O0O0O0D0OO0OO0O0DNO0OO0OOO0O0ONooooaO
00000000000 0000D000

Ooo0OoO

0000000000000 00D00000O0D00O000O0O0D0O0O0OO0O0ONOoOoOoaO
000000000 O0O0O0ONODODODOOOOOON-100000000X,00X,_,00
00000000000 0000O000000O000000ON-10000000000
000000000000 00C0O0O0000C0PSrot0 0000000000 000O
0000000000000 0OO0O0O00D0O0OO0ODO0NOD0OOO0O0ODNOoOOoOO0O0OoooooO
0000000000000 0O0D00000O0O0O0O0D0OO0OO0O0DNO0OO0OOO0O0ONooooaO
00000000 (reqular)D 0000000 O00PSreg0 000000000
Ooo0OoO

0000000000000 00D00000O0D00O000O0O0D0O0O0OO0O0ONOoOoOoaO
0000000000000 00D00000D000000D0000000000000

10

20

30

40

50



I e e e s A

o
p3
e e e e S e e [ [ e [ I

OooDooooo0ooDooooogooooao

el
e e [ ey e [ e e [ |

OoOoooooo0o0oooooo oo oDoooo oo oo oooooooDoDoDooooooooogdg

[ e e e e e [ A [

Ooooooo0ooooooo oo oDooooDooDoDooooooooao

O

O 0Ooo0oooao

u
O
a
O
g
a

Ooooooooodg

S

-

(22)

gobox,goXxy.,0ooooood

ooboooobooobooobooooad
oooooooooooooooano
goooboooobooobooboobao
OOdPSrotODOOO0O0OORX,O0O
Ooooooooooo0ooo0oo0aoPSrotd
oooooboobr=2000000000
ooogz2000000000N-20
ooooooooooooooao
OOoOdPSrotOD00OCO0OO0ODO0OO0ODO0ODO0OOOOODOOOODOODDDODDODRO

O 0Oooo

g
O
g

O
O
O
O

O
O

oad

OooooogoQgdg

OooooogoQgdg

OooooogoQdgdg

OoooooQgdg

JP 2007-259445 A 2007.10.4

O

Oo0oooogoQgodg

OOooOgPSrotODODOOOADO

OO00r=0,r=100r=200
OPSrotONO OOOOODO
gobodr=00000000
ooooobDbOOOOOAO
Rx,0ooooooooano
PSrotd O O OO DO ORX,O
goboooboobodaoan
PSreg 0O OO0 0000

gboboooboooboooboooboobooboobooaoNobooodnn
(FFH) OOOOODOODODODODOODODDODON-IDODODDODODODDODOODOGO
gobOdPSrotD 00D OODOODOOFTODOODOODODOODOOORDO

ot 0o OUbOOOobOOOobObOOobObOOb0bOOO0ObOO0D0ddRey00A0O

oooooooooooopsrotd0000000ON-10000000000
oooooooooooooobbboDbDoOao

O

O 0Oooo

O
O

O

OoooooooogoQgog
OoooooooogooQgg
OoooooooogogQgog
OoooooooogoQgodg
OoooooooogooQgog

O Ooo0ooo

O 0Ooo0oooao

O

O O0ooo

O
O

O Ooooo
O 0Ooooo
O 0Ooooo
O 0Ooooo
O Ooooo
O 0Ooooo
O 0Ooooo
O 0Ooooo
O 0Ooo0ooao
O 0Ooo0ooo
O 0Ooooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooOoo
O 0Ooo0ooOoo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooOoao
O 0Ooo0ooo
O 0Ooo0ooo

oo

O O0ooo
O O0ooo

oad

goooooboooobooobooboobooboobooboonb
LANODOODOOOoOQDOooooDOooooOwiMaXOooDoDOoooooao
ooooooooooooooobobobobOoooooobobooooao
gooooooboooobooao

ooooooooooooooobobbbobooobobooooooao
goooooboooobooboobooobooboobooobooboda
PSrotd 0000000000 DODODDODOOCOOOOOOOOOoOooOooooan
gooooobooobooboobooboobooboobooboobao
gooaao

ooboooboooboobooboo0obodPSrotd OOFDMO O
uobouobdoobooboobooboobooboobooda
ooooooooooooooobbbobooobobooooooOoao
PSreg 0000000000 DODDDDODOOOODODODOOOO

O

O

g
a
O
a

O

g
a
O
g

O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0gooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooo
O 0Ooo0oogoo

O 0Ooo0ooOoo
O 0Ooo0ooOoao

10

20

30

40

50



[ [ e e e e e e = A [ e [ e [ R

Ooooooooo0 oo oooooooDeEoooOo0gooooao

uoano
ogodd
ooano
ood
OFDMO

O
O 0O 000
O Oooo

o
o
>

OoOoo0ooooao
OoooooogoQgogoo

O

O

Oooooooo0oooooogogQgoao

—

DDDDDDDEDDDDDDDDDDDDD
Oooooooogod

OooooooQgoao

OooooooQgoao

O0Ooo0oooao

O0Ooo0oooao

O0Ooo0oooao

O

Ooooocoooooooogdg
Ooooooooooooogdg
Ooooooooooooogdg

O =
N

oad

O 0O00o0oo0o0goaagd

o

O

O

O
Ooooocooooooooogogogoao

O

OOoo0oood
[ |

o

>
O0Ooo0oooao
O0Ooo0oooao
Oo0Ooo0oooao
Oo0Ooo0oooaoo
O0Ooo0oooao

[ |
O
O
O
O

O

O 0Ooo0oooao
O

oad
RFO
uo
oad

O
O
O
O
O

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

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

ooooaooad
ooooad

O
O

O 0Ooooo

O 000000

o
o
>

O O
O O

O

O

ogodad
ood
ooad
ooad

O
O
O

[ Ry |
O o0Oooo
O o0Ooo
O 0Oooo

O

NOOODOOOOOODO rx,
NOODODOOD rx,0
RX,O ORX,_,0 00

O
O
O
O

oad
Oood
oo
Oood

O

[ Ry |

O

(23)

O
O

O
g
u

O

O 0Oooo

OFDMO

O
O
O
O

O
O
O
O

0 rx,_., 0 FFTO

rxy_,0 0 00NO
00000000
0 RX,O O RXy_, O
00000000

ooooogoad
oooooogoo
ooooooad
ooooood

O

g
a
O

O
O
O
O

O
g
a

ooooooooooooooao
gobooobooobooobooan
ooooooooooooooao
gobooobooboooboonb
OACSODODODOOOCOCOOOOOOoOooooooononoananoAcsd
oooooooooooooobobboobOoocoboooooao
ACSODODDODODDODODDODDODOR,h2O0000D000D0O0O0D0O0O0O0O0O0DOO00O0ADO
ugboboooboobooboobooboobooboobooboobad

O
g
u
O
a

O

O 0Ooo0ooOoo
O O0Ooo0ooo

O

O 0Oooo
O 0Ooo0ooo
O O0Ooo0ooo
O Ooo0ooOoo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooOoo

O

JP 2007-259445 A 2007.10.4

uobooobdad

ooad

O

O

O

O

O o0Oooo

O

O
g
u

O

O
O

O o0Oooo

gooad
oad

00
00
00
FFT
00

OFDM

oooao
ADCO O

gooad
oooad

FFTOOOOO
FFTOOO0O0OO0OO0ONOOOOOO
RX,O0ORX, ,000000000000
000000000000 00000
FFTOO0O0O00O0O0O00000O0000(

Oo0Ooo0oo0ooao
OoOoo0oo0ooao
OoOoo0oooao

ooooooooobooobooboooboobooboobooboooann
FFTOOOOOOOoOoooooooooobobboobOooooooooao

gooooobooooboooboooboooboobooboobooboonob
uoobooobooobooooaoaan

O

O 0Ooo0oooao

O

OooooooQogoQgo
OooooooQogoQgo
OoooooooQgooQgaQd
Oooo0oooQgooQgQg
Ooooooooge

O

O

O

ooad

n

DDDDDDDD;
OooooooQgogaoQg
OooooooQogoQgaoQg
OooooooOoogoaoQg

O

O

O

O 0Ooo0oo0ooao

O

I [y |
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao

O

O

O

uoobooobooooooboaod

O

I [y |
O0Ooo0oo0oo0oao

O

O

RX, O O RX,_
ooooooao

O

O
O
O
O
O
O

O

O

Ooooooooodg
Oooooooodg

O

O

OOoo0oood
Ooooooe

o
w
-

ooad

T
=

OoOoo0o0oood
OoOoo0o0oood
OoOoo0o0oood
OoOoo0ooood
Oo0Ooo0o0oood
OoOoo0o0oood
OoOoo0oo0oood
OoOoo0o0oood
OoOooO0o0oood
Iy A |

D
O
g
O
g
g
O

O

O

O

O

O

O
O

gooad

O 0Ooo0oo0oo0oao

Xo

ot DO OODOOODOOO

10

20

30

40

50



ocool 7 T oooooooOooOooOoOO0DO0DO0DO0dO0O0OO0DO0DO0DO0O0dO0O0OoDO0OD0O0O0o0o0Do0DO0Oo0O0dOo0o0o0DoDdgCgaogo

Ooo0ooooooo0o Qo0 oo oooo0 oo oDoDoooo0 oo oDoooo0oDoDoDooooooooodg
Ooo0ooooooo Qo0 oo oooo0o o0 oo oDooo o0 oo oDoooo0oDoDoDooooooooodg

e e e e [ e < e e [ e e A [ Y I [

O
O
O
O

(24)

JP 2007-259445 A 2007.10.4

ugboboooboouobouobdorFTOb0O0OO0OOO0OO0OOO0OO0OOOOOOOOOOOOn
oooooooooooopsrotd000o0oooobODbODODODOOOOOOOOO
uooooooooobooobooboobooboobooboobooboooboao
PSrotd 0000000000 DO0DODODDODOOOCOCOOO0OO0OO0OO0OO0O0O0O0Rp,000

O

goooooboooooaog

oo

OoooooooooooooobobOPSrot 0000000 O0DODODODODOODAO
gooooobooooboobooboobooboobooboobooboonnb
ugobooobooboobooboobooboobooboobooboodnn
ooooogorbMOOOOODODODDODODODOOOOODOOOOOOOOOOOOO
ooboooboooobooobooobooobooboooboooan

oad

00000 oooooooo0ooooboDbDDbODDoODOCOCCOCDODO0OO(regular)DO0OO
uoooooboooboooboooboocoboobocobooboobooboodnn
oooooooooooooobobobooboooooboooooooooooooao
gooooobooooboobooboobooboobooboobooboonnb
ugobooobooboobooboobooboobooboobooboodnn
ooooooooooooooobobooboooooboboooooooooooooao
ooooooboooboooboooboooboobooboobooboobooann
oooooooooooooooboobooOoocooooooooooooooao
gooooobooooboooboooboobooboobooboobooboonob
ocoooooOoOoooN2-100000O00DODODO0OO0DODODO(MUuOoDODOoDOoOoDoO
OCoOO0O0O0O0OO0O0OO0ONDDOODODDODOODDOOOYr=0000000((3N/72)-10

Ooooocoooooooooooooao

PX

O
O
O
O
O
O
O
(]
(]

ooooooooao

O
O
O
O
O
O
O
O

O Ooo0ooo
O Ooo0ooo
O O0Oo oo

a
u
O
a
O
g
a
O
a
u
O
a
O
g
a
O
a
u
O

O0Ooo0oooao
O0Ooo0oooao

P ® X

[ |

O O

O

gooaao

oooad
ood

O

ogooad
ooad

O

ooad

[ |

goboobooobooobooboooPAPRODOODOOODOOO

ooooooooooobobobboDoao

O

gorDMO O O OO OOODODODODODODADO
oooooooooooboboboOoao

ooooooooooobobobboDoao
oooooooao

NODODODDODOODODOO,00X,.,)00000000000000
0O0POOODODODODODONODODOODODONOOOOODOOOOOO
n0000000000000000000000000000
00000000000 000D0O00000D0O00000O000
0000000000 000000000000PX,00PXy.,0

uboboouobdooboobooboobooboobooboodo

10

20

30

40



O

T " o ooooooooooo o T T T

OoooooooQooooao

(25) JP 2007-259445 A 2007.10.4

ugod
N -1
s(t):—l—z cnej(zmmﬁ+ﬂ"), 0<t<T (11)
\/Xf n=0
ooodopnOODOOOCOCOOOOODODOOO
gooogano
gooooooobooboboobooboobobbooboobooboboobd
oooo0ooooooobooo0ooo0oo0obOo0ooooobooobooPX,Dopxy.,0o00on0n
gooooooboobobtoobouobgoobgobooboUoboobobouobd
OOPAPRODODOODDODOODDODOODODOODODOODODOODODOODOODOODODOGODORDPAPRO
I I e I I - o N B A W R M O B A A WA
gooobooboobobbooboobgPrPX,0ddpPXyq,oobooboobooobd
Oo0oDOooORX,ODORXy,OOOOOoOOoOOoOOOIFFTODOODDODOODODOODODOOOOOO
goooboobuoobobobobooobgoao
googdano
oooooobooobooooboooobooobooobooao
good
ST = — Zilc’ JRmAMTID <y
N n@ ’ (12)
UO00O0ORppabbobbobooboobooobobboboobooboboobd
g
googao
ooooooooooooFrDMODOODDDODODDOODOODOODOOFMMOIDODDODODOOO
goooobooobgoobobtoobgouoobgoUobobooboUobooboboobd
goooobooboobobboobooboobobbooboobooboboonb
gooooao
goooboobFrFIODO0ODODOO0ODOO0ODDODODODODLDOUODOUODDODDODODbDOOD
goooboobooboboobooboboobd
gooogao
FFTOODODODOOooOooboobobobo4UoFrFIODODODOODOUODODDODODOO
oood
rnanc,:e]'B" + n, (13)
goo0uWwmbooboooNgobooboobuoboobooboobobbon, OO0
OOoo0oo0oooooooo@EweNn)booooao
googao
000000000 FFTOODOOODORX, OORXy.;OO0OOoOoOoOoOoOooOooooOoO
goopO0b0O0OO0OOOODOODOO0ODOU0DDODODUODODUODOUDDODDODODbDOODO
gooobooboobPRX,DOPRXy OO ooooobooboobobooobd
oooooooooboooooooboao

10

20

30

40



O

C

L

L
g
a
O
a
u
O
a
O
g
a
O
a
u
O
a
O
g
a
O
a
u
O
a
O
u

OoOoooooooo0ooooooc0o0o0Dooooogoogooo

=

Ooooooooooooooogoooao
Ooooooooooooooogoooao

O

O O

O

O

O O
O
O

el

0

>
=

O
O

PRX = RX ® p°

PPOODODDOODD

O
O

OO oooooooogeoooooooogaog!

[N

O

[ [ Y e Y [ R

ooooooao
oooo0ooao
000 ORepal
0ooooooao
RXoO O RXy_, O
ooooooao

ooooaooad
oco)HyuoooaOo
PAPRO O O O O

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

ooooooad
ooooood
O

O0Ooo0oooao

O
O
O
O
O
O

O
O
O
O
O
O

O
O

O0Ooo0oooao

O
O

O0Ooo0oooao

O
O

O0Ooo0oooao

O
O

O0Ooo0oooao

O
O

O0Ooo0oooao

ooooooooooooooobboooOooooun

O
O

(26) JP 2007-259445 A 2007.10.4

goopOO0O0DOODOOO

Oo0ooooooooonooaoanePRX,
oooboooboobooboobao
uobooboobooboooboad
oooooooooooooooao
Xy(ooooooooboooaooao

O 0Ooo0ooOoo
O Ooo0ooo
O o0Oooo

>
o
O 0Ooo0ooOoo
O Ooo0ooOoo

ooooooooooooooobboobODoao
ooooosiMboooooooooooooano

ooano
ooad
oono
uoano
ooad
IFFTO

OO0Ooo0oo0oooao
O Ooo0oo0oooao
O O0Ooo0oo0oooao
O O0Ooo0oo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao

O
O
O
O
O
0

O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao

ooooooooooooobbooboovuvuooao
uoooooooooooobobDbswwoooao

oooooooooooooboboooboooooboooooooooooao

gooDoobooobooboobooobooboouxsNooonn

10

20



L T e T e T e T e T e T e Y e O e O s O e, R e T e R e, O s B e T e T e T e O e O e O e B e |

O

O 0Ooo0oooao

(27)

JP 2007-259445 A 2007.10.

Oo0o
#Z 1
RN BHES PARP &M | fE &S | £ WE ¢+ 5 | BER
DRASL | FER 52472 FFT RIF—< A
LB
1. FoEmmp | FEFIZHEE R 2L 2L R
2. SLM(U 4 | 54 B\ U vk U HEoOzek | B
ORFRZ IFFT &35
YHIHT5)
3. EAERE | 2LVEEL |1, 2k 1ok L 2X0BEEE
B, 1EvEHE | Bv y N PR LGE 2
Oooogano
I 0 e e A 0 A A A R R R R R R
o000 oo oo oo oDogogPAPROOOODO
I e e e R W
googoouogoogogogoggogoooogogyoogopopoygogogsSMOoboooopoDougogooao
go0oooooocopouogooouoofououoouopoouooooodg

10

20

30



(28) JP 2007-259445 A 2007.10.4

oooao

[

[

[ i% 2

E IRGA—HF T

E YT XXV THE 256,512

E G IN—TxJh
E 52 16QAM

[

E YL 7Y TL—h SR 512 R UR 1024
E TYIEL T LAYl 2dB

E Y7 XU T 19.5kHz

E Fx RV AWGN

E CDA n—5—au & N (=0 %&¢s)
e e 2 v EHDH

[

a

oooooad
goooooboooooao
UPAPROOOOOOOO
ooooooooooao
goooooobooooboaoano
gobooobooaoooadd
ooooooooooao
ogooaoan
OPAPROOOOOOODO
PRO 0.9dBO O 1.5dB0O O
ooooobooooadao
ooooooooooao
gooooobooonTrRO
ooodoggoaoswso PTS
oooooooooao
ogooaoan
ooooooooooao
PROODOODOO
goooaoooaoan
ooooooooao
gooooboooan
ugoodaoan
oooooad

gooboooobooooboobooboobooboobooboa
OCOO0O00CD0ODO0O0O0O0OO0O0O0OO0OD0OO0OO0O0DOOO0OQn0DCEBINHOD
(BER) OO O OODODODODODODODDODDODODODODODODODOOD
gooboooobooobooobooboobooboobooboo
uobouobdoobooboobooboobooboobooda
16QAMO O O O

O
O
g
a
O
a
u

O

O

O0Ooo0oooao

ood
oono
PAPRO
ooad
ooano
uoano

ooooooooooooooobobobbODOD0OO0aOPA
goboooboooboobooboobooboonon
2B0 00 0O0O0O0CDODOOOCODOOODODDOOODOGO

oooooooooswMopTSOOOODODDODDODOOODO
ooboooboobooobooboobaoaoPAPRODO
ugoboobooTrROUObODO0OoOoOooboOoobooodan

I A A A 0 O iy

goooooswmMmoobooboooboooboobooboobodo
BEROOOODOOOOOoODOoobOoooOoooboooboooboobad
oooooooooooooooboboboOoboOoOoooooOoooooao
gooobooobooboooboobooobooboonnb

oooooooooooooooboboboooswwmooooboODODDODODOODOO

10

20

30

40

50



ey e e e e R e Iy
I [ i [ e A Y s [ O Y

O

[ |
[ |
[ |
[ |
[ |
[ |
[ |
[ |
[ |

I [ [y
O OO

O

OO0 oooooooooeeooooooogoao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O 0Ooo0ooOoo

000
L
0000000000
RX,OORX, ,00000O
OIFFT00D0O000OO
00

OoO0O0O00O0OoO0OO

I e 72 R i e e s e = i e O O Y Y
e [ [ A e e e e e s /2 e e [ A e Y I [

(29)

0O 0O 0O oFbMO

ooooag
O

oooogoadgd
ooooao

O

O
O

SLMO O CDMmO

goooaod

Repa0 0000

ooooad

0000000000 O000P,s. 0

goodad
oooogad
gooaao

goooaod

O

O 0Ooo0oooao

O

JP 2007-259445 A 2007.10.4

SiMbDOoooooooooooobobobobobooooooooswmboonboOOonn
ooooooooooooobobboboOOoOOoOO0OPAPREODODOOOOOOOOO
paA DO OOnOOoOn0Oad

oooooooooooooobooooan
oooooooooooooboboboooano

00000000000 00000000000SWLMOO0O0O000000000
00000000000 0000ONOOOOODOOOOOOOOOOOOO00
O0O0ONDODOOODODODOOOODODOOODODOOODOOO0OSLMOOOO
00000000000 0000000000000000000000000
00000000000 0000D00000O0D0O0000O0D0O0000O0O0O0an
00000000000 0000O000000O000FMOODODOODOODOOO00
00000000000 0000000000000000000000000
00000000000 0000D0O000O0O0D0O0000O0D000000O000
sSLN00O0O0O0OD0DO00000D00000SMDO0O0O0OO0D0D0O0O0000O00000
00000000000 0000D000000000000000000000
00000000000 0000D000000D000000000000000
00000000000 0000000000000000000000000
00000000000 0000D00000O0D0O0000O0D0O0000O0O0O0an
00000000000 000000000000000000(ChA)IDDOO00
000000 (WMODO00O000D0O00NYU-1))000000000000PAPR
O0O0DOSIMOD0OODODOOOODODOOODOOOOODO0O0OOOOOO0an
LMO O OO0
O
MDOODOOODOOOOODODOOOOOOOOOOOOOOOOOCDAD OSLMO O
00000000000 0000000000000000000000000
000000000 ODOOOOPAPROOOOOODODODOOODODODOOODOOO
00000000000 0000000000000000000000000
000000000 O0O0000O0O0O0O0CDAOPAPROO OO O OOOOSLMOOO
00000000000 0000O00000O0O0000CDADO OO O OPAPRO
O
O
O
O
O
O
O
O
O
O OO0SLMOOCPAD DD ODOOODOOO0
O 000000000000 0000O000
O 00000000000 00000000
O 000000000000 0000O000
O O0O0D0O00sSlMODOO0O0O0OO0OO0O0O00
O 000D0O00000SLM/CDADD O OO0
0000000000 O000X,00X,.,0
00000000000 00000000
000000000000 0000IFFTO
000000000000 00000

ooooobooboobooboobao

uoooooboooboooboooboocoboobocobooboobooboodnn

SiMbooooooOoOoOoOoODoOoOooooooouoooooooooooobboDoOoao
oooooooooooooooboobobooboooboobobooooogogooooooao

uo

gooad

ooDoooobODOooooboo0oo0o21(AH)0DD21(B) D000 ooDO0oOoooOOO0oOooODbOO0oOon

10

20

30

40

50



OooooooogogQgogooQo
OooooooogQoogoo

(30) JP 2007-259445 A 2007.10.4

(obooooo)ooboooooDOoOoooOOoOoobOODO0oOobODODO0OOob0DOODSLME
ocoOo0oo0oooOO0O0oO0oo0OO0OO0OooDOO0OooODODO0O0ooDbODO0ODO0DOoDbD21(MDODO0D0DOOD0
ocooooooOooooOdr=100ANDOOOQODODODOODODODOOOP,O0O0P,O00000
oooooooooooooboobobobobOboOOoOOocOoOO0OO0oooooooooePAPrROO
oooooooooooooobbbo2r)yoooobbooboboboooooo
ocp,O0opP,O0000CDO0O0O0CDODOO@OODODOOCO)r=100ANDOO0O0DOQCDOOOO
oooooooooooooboobobODbOoOoOOoOOocOoOOPAPROODOOOOOOOOOO
ooooogood

oooad

ocoOooobD21(A)0021(B) DO O0O0O0CDODODODODDODDODOODODDODODODODOODODOCQ
o@e)ioooooooooooooooooooooopPpiD0oDo0ooo0OoOd
oooooooooooooboboboooboobooooao

ood

N -1
1 J(2rnAfi+d)
(1) = ——= cr , 0<t<T,u=1--U, r=1-24

(14)

oooooochPAlb O ODboooooooooooboobbDbODbODbOOOOObOOoDooOoao
PAPROODODOOOOOOOOO

[ e T e T e R |

OoooDoooooo>oo0o0d T T T oo0oo

O0Ooo0oooaoo

O
O
O
O

g
a

ooo
2
. max s;(t)‘ (15)
gu = 2
)
Efjs; )] 3
Oo0oo0oad
oo0oooooooooboooooooob0oboob0ooooooooo0oooooooOoaodan
ooo
O0oao
- . .
@,Repg )=min ({J) (16
u,r
Ooo0ooao
210022y oooooo0ooooDoo0oDoooDoooDoooDoooDoooao

uv*A 0 O0O0O0oooo0Oo0oooboooboobobovvooooboooobobooooobooooDb0Ooo

O

u
O
a

oooooogog(qooooogo)yoooooogop2(B) bobooboobobooooo
OCOIFFTOODDOU*A ODOO0OQODOOD021(AMDO0OCDODOOODODDOOC)DOOOn
ooooouvooooooooouogIIrFTOODOODOODODDODDODDODOOOOODOOOO
ocoooooooooooouvxonpoooooooooooooDooooooo

ogooad

10000000 ocoDoOooo0O0o22(A0),22(p) b0 oocoooooooooooooao
ooo0oo0oooOO0O0ooboboOooobobOoooDbOo220)0D01ID0DO0O0O0OO0ODOODODODOO
goooooboooobooobooboobooboobooboobooboobod
uoboboobooboooboobooboobooboobooboobooboOodd
oooooood

10

20

30

50



(31) JP 2007-259445 A 2007.10.4

gooado

N-1 ~
1 JQrAfi+¢,)
S([)Z——,__E Ch @ ., 0<¢t<T (17)
N n=0

0ooc=QL00D0DO0OO0DDO0OO0ODDOO0ODDONDOODDOODDOODOODOODOODOGO
O00000uv 0000000000000 o00o0oo0o0oo0oo0Oo0OoOs(t)0OOoPARODO
ooooodao
Oo0oo0oad
[ 2
max|s(t)|
: e (18)
[ E{s)[*}
[
O0O0ooao
Ooo0ooo0oooooobouuooooooooOooo0ooPlOOPuUOOOOPAPROOOOAO
gotbooooooobooooouooooodd
O00Oaoao
[
o P NP S [ =
: U SsiMm (19)
0
O00O00O000000PAPROOOOOODO
ooooao

[ ¢ e(027], wue{dl,...U-1}

gstmoooooooobobooboooobooboboboboboboboboboboobooboobooaoer
sy 0ooooooooooooo(@oooooo)yYoooooooopooooodod
ooooooooooooooboboboboooooboooooooooooooao
gooaoao

j(27mAft+¢ZSLM )

O

L

C

L

L

g

OCoo0O0oooOO0O0O0oOO0DO0oOoOoOODO0oOooOOoOOoOOoQoOPAPRODE (ODODOOOCODOODODODOO
O

a

goooad

min (&, ) (21)
r

0o0ooDo0o0oboOoo0oboDoo0bDO0oo0bDO0ob0DbDO0oo0DDO0DDOPAPRODDOODDOODDORepa
gooooaooad

ooogad
22(p)ibpoooooooooobbbODbOOOCOObOb0DO0DU0ooOoOoOoooooooo
uoboboobooboooboobooboobooboobooboobooboOodd
ooooooooobouoooooooooooooobobboboooboboooooao

OoOoo0oooaoo
O0Ooo0oooaoo

10

20

30

40

50



L 0ooooooDoDoo0oddooad

A= [ e e e e e e R e e A [

Ooooooo0ooooooo0o oo oDooooDooDoDooooooooao
w

OoooocoooooooQgdg

(32) JP 2007-259445 A 2007.10.4

URpp bbb oobouobdaprPAPROUODDODOODODOODOOODOOORDO

ooogad

22(AHM)00oogogoopoppogoopoOoooooooooDooooDooooDooooDOod
ocooo@o)yoooooooooooooboOoOooobOOoOoobobOooDoooboDOoooboDOoO

goooobooboobooboobo0oobo0ooboo0obo0oo0obo0oob0OoOgnDIFFT

0000000000000 0D0O00O0D0O00O0OO0DOO0O0O0OoOOoOoO0OoOoNooOoaO
00O -1)00000

oooad

22(A),22(Bp)0obooOOoOoooOO0O0oooObODOoOobOOoooboobooooobpoooDoDOoOd
gooounWNoOOooOoooooooooooooooobbbbooboboooooao

ooano

OoooooooQgogooQg

O

Oooooooo oo oooooogooogoaog

ST 000D oocoOo0 o oo ooo o0 oo oDoooogogooao
Ooo0oooogoQgg

o
Eo A N [ = S O [ Y O i O

o
o
>

S Do ooDooOooOoooog

‘I'I
S oooooooogogoaag

=
oo ooooooQgogooQg

OoooooooooooQgdg

O O
O O
O O

21(A)00221(p)00oooooooooooDOoOoooOoooooooooooao
22(A),22(p)0b00ooOO0O0oooOOO0oOobODbOO0DO0obObODO0DOobO0DbDODOoDoDDODDODOooOoDoDOO

gooooobooobooboobooboobooboobooboobao

ao

O 0Ooo0oooo
O 0Ooo0goooo
O 0Ooo0oooo

O

O

ooano
uoano
RCDAO
ooano
ooad

O oFDMO O O

Oo0ob0Do00R,, 0000 D0O0O0D0O0DO0DODODODODOODNODRDO ug
ubobouoboobooboobooboobooboobad
oooooooooooooobobbbooooooooooao
PSrotd 000 0000u,wyODODDDODDODOOOODODODODOOO

OoooooooooooobobobDbODbOD0OO0OO0O0R,,00000

ooooLsw-oFrDMO OO OOOODODODOOSIMOOOOOOO

gooboooboobooboobdug,ywoobooboobooboobaoao
imboobooboobooboobooboobooboobooboodan

SsivbooooooODoOoODoOooooooouooooooooobobboDboDoao

Ood
oad

O 0Ooooo
O 0Ooooo
O 0Ooooo
O Ooooo

gooad

O

O

gooboooboooboooboobooboobooboobao
oooooooooooooobobboobooOoocoboooooao
oo le oo PuD goooooboooboobooboooboo
oooooooooooooooobobobDbODODO0OOaOPSrotd
ooooooooooao

ubobouobdooboobouobooboobooboobad

oooooooooooooobbbooboooobobooooooooooooao

gooaod

O O
O O
O O
O O

OoOoo0ooooao
OoOoo0ooooao
OoOoooooao
OoOoo0ooooao
OoOoo0ooooao
OoOoo0oo0oooao

O

O
O

O
O

ooooooooooooooobobobooboooboboboboooooooooooao
ooooooooooooooobooboooocboboooooooooooooao

0000000000 000000000000000000
000000000000 000D000000O0000000
o000
O0O0O00OR,,00000USLMDOO0OOOOODOOOOOO
O000O00OR,,000000000000000000000
00000000000 0000D000000D0000000
00000000000 0000D0000000000000
0000000000 000000000000000000
O0O0O0O0O0O0OO0OR,0000O000u,,00000000O
0

10

20

30

40

50



(33) JP 2007-259445 A 2007.10.4

0000000000000 U00U0Duvud0000U0O0oDU0O0oDUOoOUOoDUOoDUOoDUoUOoODUOODOOOU
oooooooooooswwmooooooooooooobbbDbooobooooooodo
oooooood

O“ AO blindd SLMO receiverd ford PAR-reducedd OFDM” ,0 A.D.S.0O JayalathO andO C
O Tellambura,O ProceedingsO ofd IEEEO VehicularO TechnologyO Conference,d pp218-
222,0 Vancouver, Canada,d 240 toO 280 Septemberd 20020

ooogod
Oo00OogsSIMOOOOO0OO0OO0OUOendOoOgQPSKDOODODDDDODDODODOODODODODOOO
goooogogogooooooooooooooofoOooOO0U0ogoUoUoUgogogoogogooao
ooooooooooao

oood

c® P, and ¢® P,

uz vbOOOOOOOOOOOOOoGOoGoOoo
goooobooobooobooboobao
ubobooobooobooboobooaodan
ooogad

(]
(]

oooooooooooooboboboooano
goooobooboobooboobao
uogbobouobooboobooboobad

O
O O

c.e’? @O for all nand u

ooood
ooooooooooooooboboboobooooooooooooooooooao
ooogaod
oooooooooooooobboooooocoooswmvobobOOOOOCOOPAPROOO
ocoooooOOoOoOooOOOoOooOoFMODDOf,-(c) DODODDODDODODODDODDOODODODOOD
O

oooad

uboboooboobooaoobad

Ooooaod
-1
)
£,
] j:u_D 0 e e e A 2 1 6 A O A O M A B A
go0oooDoooogoodd
Oodonoao
gdooooogogooooogoopooooosSsSMooopoDoogoDuopooooDoooooao
Ooooaod
D “ :
= . - j¢r ~
= min Z T'n € "o H oy

o T T T T oo oool T T oo T T Topopooooo T TooooP T T ooooo

10

20

30

40



(34) JP 2007-259445 A 2007.10.4

ooood

Ooo0o0oooooooooooe2)o|o |2D Dooud'ooooOoOoO0O0o0O00On
uoboboooboooboooboooboocoNoboobooboobooboobooodan
oooogoad

JayalathO O TellamburaO0 0 0 000 O DODDDODDODOOCOCOOOOOO0OOOOoOoOooOoOoO
ocoo00d@2)yooooooooooooao

oooogad

[ D

C

gooooan

oooogswm-cbhAC D DD DooooooooooboobboOobOOObOOOoObOoooag
oooooooooooooao

gooaao

Doooo
[

[ H®¢étor®p,

0

0000000000000 O0OP, OP,00O0DODODOO

DO0o0ooQoao

0000000000000 0O0D0O00O0000000000000000O00Odg-aryd
000000000q'000000000000000000000000000000
0000000000000 D0O00O00O00O000000000000000000000
0000uv 0000000000000 O000000000000D00000000000
OSIMDOODODDODOODOOUOODOO

0

O

0

0

O

N -1 i 2

SIM = min min

Pﬁaﬁe{lﬂ,..., U}n:O ¢,eQ

T - H LN |

O
oco@4)oopoooooooooooooooooooooooooao
oooooad
gooogao

gooaoan

OCoOO0O0o0O0OD0O0O0D0OD0O0@E)OoooooooobOOooooODO0O0oooODOOoOoDbODO0OOaOsLu
gooooboooobooobooboobooboswwmoboobooNoDOODnODFTO O
ugoboooboobrTOOb0DbOOoobOoobooboobdabrTOObObODbOOODOOOTr,d
ooooooooooooobboboooooooooooooooooobobDbODbODOao

10

20

30

40

50



oot T T oool T T oooooo

[

e e O O Y 1 Y i [ |

O 0Oooo

oo

O

O

I‘® Pi*

oooooooad

O

oooad

=1

oo ooooooQgogooo
oo ooooooQgooo
oo ooooooQgogooo

oo oooooogoQgoQg s
Ooooooooodg

OoooooooOoooooao
OO0 o oooooogogoo
oo ooo/ao0oogogoo

O

(Us w-Repx)0 00000000 DO0O00O0OOO0O0O000DODO (ug,,0

O

338,00 0 338,00

H®c to

goooao
u

ooano

O
O
O

OFDMO

O

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

ao
oad
g

O

O
O
O
O

O
O
O
O

O
O

(35)

JP 2007-259445 A 2007.10.4

oooooooos,MO0O0O0oOoooooooooooobobobbuyvoooooooan
ooopp,0opPp0000obobuvoooooooobobobbDbOP,O00PODOOO0OO
ouoooooooDoOos336, 0036y, 0000000 O0O0O0ODO3GIDOOO0OTr,
ooooooooooop;,000000 Pi*D ooooooooooooobooDooan

ooooouvbooooobooooooooooooooooobovuood
OCoOo0OoooOO0O33giDogooooooooooopPicoOOd

R® P,

O

O
O

O
O

O
O

r
O
O

O
O

.00

n-n

O

oad
oad

O
O
O

O
O
O

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

ood
ooad

O
O

O
O

oono
ooano
33810

O
O

O
O

O
O

O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O
O
O

O
O

O
O

O
O

O
O

oad
oad

O

O
O
O
O
O

(]

O

O
O
O
O
O

O

O
O

O
O

O
O

O
O

O
O

oooooooooooooobboboooooooooooooooooao

oo

oooooad
0 o0 orbmO
goodaoan
oooooad

uo

Usw O Repa)dO

oooood
ogooaoan
oooooad
gooooano
goodaoan

O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0gooo

O
a
O
g
a

O Ooo0ooo
O 0Ooo0ooOoo

O
O

O
O

oo
oo

ooboooboobooobooobobobobobobobobDbobDbdePSro
oooooooooooooobobRrRCDADDOOOOOOOOOOOOoOoOooooOooOonn

OCODO0O0OO0OD0OO0OO0OO0O0RDO(semi-blind)d SLM-CDAD O OO O
oooooooooooooobbboDbooao

00000000 0us,yO0000ORep,O0
00000000000 00000000
0000000000000 O0O00O000

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

SiMDOOOOODODDODDODODOOOOaDSLMOo
oooooooooooooobbDbDoao

goooobooboobooboobao

O
O
ooooooooooooooboboboooano
O
O

uooboooboooboooboobooobad

000O00D0u,,000000O000R,, 000000
oooo0o

UooouooddRpy,000obobobbODODOOOOOOOOOOOO

O

I [ I Iy
O 0o oOoo
O Ooo0ooo

O

O

O O0ooo

oono
ooano
ooad
ooano

ooo
Ooao
Usy U
ooao
Oooao
Reppa)O O ODOO

O O0ooo

O Ooo0ooo

oooooooag

10

20

30

40

50



(36) JP 2007-259445 A 2007.10.4

godoooooboooboouooooooboooouoooooDobooooooooao
dodooooooooobobooaoao

oooooad

0000000000000 O000O000O000u,, 000000000000 (ug,yOR
c04)0 000000000000 O00O0OCOOOOOOOODOuW,,, 0000000000
Reppobboooobooobooboobobooboobuoobobbooboogonb
dddodooooooooboRCDADD DD DODODU0ODUODUODUODUODUODUODUOUOUOUOOOOOOODGO
godooooooooo0ooooooooooobooobooousSIMOODOODOOGOOGOnOano
gooooooooodooodao

gooooao
0oooooDoooosSwlMoOoooDOoooDoooDoooDoooDooooo@s5)ooaoao
DDDDDDDDD(ZS)DD||]|2DDDDDDqUNDDDDDDDDDDDDDDDDD
g-aryD 0D 0D O0OobDOoOoQPSKD D OUDODOoobOoUoDbobtoobuooboobobooanb
0ooOo0o0oOo0oo0ooOOoo0ooOOo0o0ooODOo0o0DoDODOoo0DoODO0oo0DDODOoOO0ODODOoOO0ObOuvOODOoOoDoODoOooODnOao
0 I I 1 e e 0 O 0 A A O N A N A VA B A
oo0ooooao

ooooodd

0 I I e 0 e e e A 0 o A O A O N A VA B A
oo0ooooooooooao

godoad

[

[

[ # 3

[

[ | 7T A—H ([

[

| BT RYUTHE 128,256

[

U1 [RIHA N—TxJh

[

L | 253 16QAM

[

LAY TL—h TRV ETED 256 KUY 512

[

E 7 DA% 2dB

| VT EYUTHIR 19.5kHz

E%yﬁw AWGN

| coam—F vk 16,32,128

e s 0%

[

- | SLM By AX 8,16

[

[

oooooad

10

20

30

40

50



(37) JP 2007-259445 A 2007.10.4

OCoO0O0o0o0O00O0D0OO0O0O0OO0OO0O0oO0D0OO0O0oO0DO0OO0OO0DO0OODDOCE/NHYDDDOO

OC0OO0O0O0O0D0O0OO0O(@ER)DODOODDODODODODODDODODODODODODODODODODOODDODODODOO
00000 ooooooooOPAPROODODODOOCOODODODOOOOODODOOOOU=1600000O
OoooooDo0ooooOoDOooSsSwlMooODoOoOoOOoODODUoOoOoOOoDOoDOoOoOOoDOoDOooODDOoDOooODOOd
0000000000000 o0DDoDoDo0000000O0O0O0Ooo0ogd (sub-optionalld ser
iall approach) D0 00000 O0O0ODODOOODODOOODODODOOODODOODOOUVUOOO
0oo0oo0ooo0O0ooooDo0ooooDO0DO0oDoODO0Do0oooODo0DU0Do0oo0DDUoDO0oDDODOoDOoOoDoODOoDODOO
000000 oooooooooDoDoDoDoileAMO D DD D DDDODO0ODOOODO0DOoDOoOGOd
0oo0oo0ooo0oooo0Do0DooDO0O0ooDo0Do0oooODoDo0Do0oo0DoDO0oDoODOoDOoOoDoODOoDOoDOan
Ooo0oO0ooOO0O0ooooD0ooooDOoo0ooDoDoDooooDooo

Ooooooao
0oo0o0ooo0O0oooo00oooDO0O0o0DoDo0Do0oo0ooOoDU0Do0oo0DDoDO0oDoODOoDOoOoDoODODOoDoOn
OO0OOPAPROODODODODODOODDDDODDODOOOODOOOVU=8ODO0ODO0O0OOOOO0ODODOOO
OoooooSiMDOooOoOOoDOoooOoDoDoooDOoDoOoooDOoDoooDoDoDoooDoooo0Oou
=80 00000000000 0OAN=16000000D0000D0ODO0D0OO0ODODODODODODODOOO
000000 o0ooooooou=8000oooooA=32000000000000000
0000000000000 oO0D0Do0oooDo0DooOD0DOoo0DOoOO1QAMDOD D OO DODOOO
oooooao

Ooooooao
0oo0o0ooo0O0oooo00oooDO0O0o0DoDo0Do0oo0ooOoDU0Do0oo0DDoDO0oDoODOoDOoOoDoODODOoDoOn
0000000 ooou=s80000o0ooooooooDoDA=32000000000000
0000 O0o0DOoOo0o0O0O000ad (optimumd non-seriall approach)D OO0 OO OOOGOAO
0oo0oo0ooo0O0ooooDo0ooooDO0DO0oDoODO0Do0oooODo0DU0Do0oo0DDUoDO0oDDODOoDOoOoDoODOoDODOO
000000000000 ooDoDoDoDo0Do00000O0DO00oooouU=80D0OA=3200000
0oo0oo0ooo0oooo0Do0DooDO0O0ooDo0Do0oooODoDo0Do0oo0DoDO0oDoODOoDOoOoDoODOoDOoDOan
oo0oo0ooO00oooo0DOooooDooooDUooooDooooOoog

Ooooooao

0000000000000 oOo0Do0DooOoDo0oooDOoDOoQoSwWw-coA DO DDODOOoOOOOd
0o0o0o0o0ooooooooooDoDoDoDoDooo0o0o0o0o0Oo0o0o0oooooooswood
0000000000000 o0D0DO0o0Do0DO0D0Oo0o0O0D0DO0O0D0D0OOPAPRODOIODODOOOO
O0DO0O0OO0O0OSWlM-CbhAD0DDOSIMDOODODDODDODODODODODODODODODDODODOODDODDODOOO
00.9dBO0 0 1.5dB0 0000 0D0D0D0O0OCOCOCOOO0OOOOOODODOOODODODDODDDDOGDODGO
2dBO0 0 00 0PAPRODODOOOCDOOOODODO

oooooao

0000000000000 oD0DO0oDo0DO0Do0Do0o0Do0Do0Do0oo0DDoDO0o0DoDOo0DooOooODOoODO0OoOan
0oo0o0ooo0O0oooo00oooDO0O0o0DoDo0Do0oo0ooOoDU0Do0oo0DDoDO0oDoODOoDOoOoDoODODOoDoOn
0o0o0ooooogsSwMoochADDDDODO0ODOOOO0DO0OO0DO0OO0OOoOoOoOOOOOoDOoDoDDDDDODaO
Ooano

oooooao

000000 oooooooooDoDoDoDoDoo0o0o0o0o0oUo0o0o0oo0ooooooooaoswLvg
0oooooDOoDooooooosSwooooooDOoDOOoOoODODOoOoOOoOOoODOoDOoOOoDOSWMOOnn
oooo0oooO0O0ooO0D0oooo0Do0ooooDUoooDOoDo0oooDOoooDoDOoOsSLlMOOoOoOOO
O00000D000OO0OD0ODO0DO0ODO0OBERD OO ODDODDODODODOODODOPAPRODODDOOODDODOO
OO0OO0DO0OO0ODO0ODO0OPAPROOODOOCDOODODDODODODODODODODODODODODODDODODOODDODOOOO
OOSLMODOCPAD O OO DOPAPRODODDODODOOOODOOOODODODOOOOOODDDODDOGODRO
0Ooo0o0ooDo0D0oooo0Do0ooooDo0o0ooDo0Doo0ooDoDo0DoooDoDo0ooDoODOoDoooODoOooOan
ooooooOoooooOosSWWMoooODOoDOoOoOoOODOoOooOOoDUoOooOoDOoOooDOoDOooODoODOoOgT

RODODODODOODOODSWlM-CPADODODOODODOODODOODODOODODOODODOODOOOnD
ugoooaood
oooooad



(38) JP 2007-259445 A 2007.10.4

ooooogoorbMOOODOODODDODODOODRDO
(PTSHY OO0 ODOCDODODOODOOChADOODOO
ooooooooooooeprSOooogod
ooooooao

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

(]
O
(]
(]
O
O

oooooooooooooobbboooano
gooooobooobooboobooboo
uoboobdouoboobooboobooboobaoadd

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

O
O
O

ooad
goooooboao

O
O
O
O
O
O
O

oooooooooooooobobobooDoOoao
oooao

O
O
O

Ooooooooooooodg
O
O
O

Ooooooooooooodg
Ooooooooooooodg
Ooooooooooooodg
Oo0ooooooooooodg

N-100000000000X00X.,00000000000000000000a0
goooooboooobooobooboobooboobooboobooboobognnb
uboboooboobooobouoboouoboobooboobooboobooboodnn
ooooooooooooobboDbooao

oooad

J2mAft

N-1
1
Sgons(t):_—\/jv—zx;e , 0<t<T (26)
n=0

oo ooooogo =8 T T T ogpopooP T T T T T oooooo oo oo o0DoOo0o0oOo0OOoOog

00oDo0o0oDOo0o0ooDOoooDOoOooDoooDooOoPAPRODOC [ OD0O@QOH)ODODODOODOAO
O00O00O0o0O0Oo0O0OO0Oo0O0O0OPARPODODODDODO0DOOODOOODOODOOODOOOOOO
Ooo0oo0ooaoao
Ooo0ooao
Repy = rn1rn (¢,) (27)
coal 0000 ooooboobooboboonnb XRCDAD Ooooooooao
Ooo0oaoao
Oo00o0o0oo0oo00o0o0o0ooo0ooo0ooo0ooo0oooOoooOgePSrot 00O0O0OODO
I I I o I 1 Y I 0 B A 0 R B O B A W R A B A W AR WA
O0o0o0oo0ooo0ooooooooooooooooggPSrotDO00O0ODOOODOOD0ODODADO
Oooooooooooooao
Ooo0o0oaoao
I e e A A 0 R 0 O R R R
0ooooooMOODODOODODOODOODOODOODOODOODOODOOnDL=(
M/NHDO DD O0DO0ODO0DDODODDOODOODOODOODIDFTOD OOS0,0050,00000
0 N0 = 0 e e 02 = o A R R R B D)
FTOOOOsx;-sx, 0 0000000000000 Osxy-sxy,000b0ooboboooodd
gooogooooogoooogoogoogogogooooooUoLoooUoUoUoyUoUoo UL ooao
I e e ) A R R e O R R R
godoooooooooooooouoooobooboooooooooboooobooooooao
Oo0oo0oo0oooooooooooooooao
Ooooooao
godooooooooooooooooooboob0oootbooooooboooooooooao

40

50



Oo0oo0ooood

:UDDDDDDDDDDDDDDDDDDDDE

o

Oooooooogoogoooao
Oo0oooooooooodg

O

5
O
a
O
g
a
O
a
u
O
a
O
g
a
O
a
u
O
a
O
g
a
O
a
u
O
a
O

o
>
OoOoooooo0oooooooo00 oo oooo oD oo oDooooooDoDoDooooooooaono

O

o [ [ e e [ e e e [ [ [ |

O o2

O

I e e e I
OO0 o0oo0oODoooOo0 o oo oDoo oo oo oooogogoooo

2,0 052,0

O

o
>
O
OOoo0oood

OoOoo0oood
Ooo0o0oood
OoOoo0oood
OoOoo0oood
OooOoo0ooood
Oo0oo0ooood
Oo0oo0oood
Oo0oo0oood
Oo0oo0oood
Oo0oo0oood
OoOoo0oood
OooOoo0o0oood
OOoo0oood
OOoo0oood
OoOoo0ooood
OoO0Ooo0o0oood
OOoo0o0oood
OoOoo0o0oood
Oo0Ooo0oood

O
a
u

O
a
u

Od
Oad
csQ
Od
oad

Oooooooogd
OooooooQgoQgQg

o
]
O
O
O

O Ooo0ooo

O

OooooooQgdg
OoooooQgdg
OooooooQgdg

O

a
O
a
u

O
O
O
O
O
O
O
O

g
u
O

O

O Ooooo

O

a
u

O 0Oooo

O

a
O
a

O

[ B |

OFDMO

OOoo0ooooao
OOoOo0oo0oooao
O0Ooo0oo0oooao
O0OoOo0oo0oooao

1000000000M0
oooo0ooao
ooooooao
0 52,0 052,0

(39)

0
O
O
O
O
O
O
O

OO0O0O0OoOoOoooogoansx,-sxydOdPSTO
oooooooooooooobbbDboDoao
OoooooDOoOoooo0OoooOb,00by0O0
ooooooooooooobwb,b0bob,O00:0
psx,-psxy 0000 O0O0D0ODO0O0O0OOO0ODOOO

OO0o0ooggdepsx;-psxydooononononoan

Oo0oO0ooooOoOdcesOOOOoOoODDODOOID
000000 oooooooooooooao

vboooooooooooooooobogodd
52,00s52y000C0CCOO0OO0OO0OOOOoOoOoovo
goboooboobooboobooboobao

goboooboobooobooboooorbMO D ODODOO
oooprsOOO0OO0OOCOOOO0OO0OO0OOOOOoOoooooooOon
oooooooooooobobbbOoOoOoOoOOoOooOooOogeTsoO
prTSU0000ooooooooobDDbDDbOOoOOoObObODbODDb0DOoooOoao
vboooooooooooououooooooooobobooooao
gooooprsbooboooboooboovboboooboooooonn

prfsSUd0oooooooooobobooobOooococooooooao
ooad

uobooboobooadgan
oooooooooooao
PSrotd 00000000
oooooooooooao
gooboooboobogono
gobooobooobooaoan
oooooooooao

OOoo0oood
OoOoo0oood

ooooooooooooooboboboooooooFrDMOO OO OOOOOOOO
orDMO DO DOOOOCOOODODOOODODOOODOOC(ECAHOODDODODDODOODO
(pTSH)OOO0O0CDODOOODODDODODODODODOODOODODDODDODOODDODOOODDOO
ooooooox,0ooxy,ooooooobooboooOao

O
0
O
O
U

O

O
0
O
0
0

O

.0 050,0

0
O
O
0
O

O

gprsbOO0OOOCOCOOCOOOOOOOOOoOoOoOoOOOOODODDODDODOODODOO

oo

0000000000000 O000O000O000O000O000IFFTOO00S50
0000000000000 O000O000O0O00O0O0ONMOOOOOCDADDOD
424,00424,00000000000CDAD D O0424,00424,000000000000
O0O0O0O0000O0O0O00PS,¢100PS,0ey00000Repa;00Rp,y000000000
DO0O0D0D0OCPAD 00424, 000000000000PS,,.,00000R.,,,,000000
CDAD 0 0424,0L-1000000000000000Xx,0000000000L=N/MDO0
DO0O0D0OCADDD424,000L-10000000000000000000000000O
0000000000000 O000CADDD424,000000000000000000
0000000000000 O0O0O0O0O0O0O0O0O0PS,,,000000000000000

JP 2007-259445 A 2007.10.4

10

20

30

40

50



O
oo

oo

Oooooooodg
Oooooooodg
Oooooooodg
Oooooooodg

oooooooooao

(40)

(]
O

yooooooaooooaoao

OO0oOo0ooooao

e}

I [ e e e s I
R e s e e O Y i [y o

Oo0oooooooDooDoooo0ooDooooooooooogdg

O O0ooo

sy ) ) e ) e e sy Ay |

I s e e e e e e e e e [ B
I

I:II:Iw

O O

O O

O
OoOoooooo0ooooooo0o oo oDoooo o0 oo oDoDooo0DooDoDooooooooao

uoano

rotl

ooooooaoaano
OO0 0mDO DO CDAO
goooooobooao
goooaoooaoaad

O 0Oooo
O 0Oooo

JP 2007-259445 A 2007.10.4

oooooooooooooooobobobobooOoOocOoOoOoOIlIbDFTO O O50,000

CbAOD 0 O 424,00 424000000000

00000000000 000CPDAD O DO424,00424,00000000000
0000000000 00000MOOCDADOOOO
0000000000000 00ONMOOOO0OOOOO0O0000OOUORea:0 ORepa

gooboooox,ooxyooooooooaoooooan
424, 0 0424,0000000000000O0OO0OO0OO0OOC
Uo0o0o0oo0bO0o0DbO0O0DCcDbAld O DO 424,00 424,0
goboooboooboooboLwstrgoonoad

gooooobooobooboobooboobooboobooboobao

O

a
O
g

[ |

O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0ooo

O 0Oooo
O 0o oo
O O0ooo
O Oooo

[ |
[ |

O
O

434,
0o
0O
0o

O PS,,¢y0 O

O
O

O
O

O 0o oo
O 0o oo

O
O

OPAPRODODOC O
oooooooooao

ooooooodao
Psrot1|:| U PSrotME|
ooooooodao

O

O
O
O

O

O(@OoOD0)Dooo
Oooo0o0o0Ooooo
Ooo0o0DO0O0O0oo

I Ry |

oFDMO D DO OOOO

O
O

O
O

TsiocooooouoooooooooooboboboOoDbOOOCOCObOO0OOooOooOoo
ooooooooooooobobbbobooooboooooao
gobooiIbrfooodsx;,00sxy,d0oooooooaoaoan
pTSU000O0O0O0O0o0oOoooODODODDODDOOOOOOOOGOO
gooboooboooboooboobog

O0O0OOOPAPROOOOODOOODO
OO0OMOODOOGORepa:0 0Rgpanl

CDAO 0 0O 424,00 424,00 0000
ooooooooooooboobOoano
oo

oooooooooprSODOoogod
gooooboobooboobod
uobooood

ooooooooorDMO DO DDDOODOO

prfsSUdoooooooooooboboooboOoooocooooooao
oooooooooprSOCO0D0D0ooooooooooOooOoepTsod
gobooooeprSO0DO0O0ODOOODOODOODOODOORDO
viboobooooooobooboobooboobooobooaoao
ooooooooooooobbooopTSODOOODODDODODODODO

O

g
u
O
a

OoOoo0oooaoo
O0Ooo0oooaoo

ooano

O0Ooo0oooaoo
O0Ooo0o0ooao

NODODOODOUOCDAOD D 0O 434, 00434,00 000000 CDA
gprsbOooboOOOOOCOOOO0OOoooooooooooan
oprsbOOOOOCOOCOOOOOOOOOoOoOoooooOoan
goobooboobooboobooboobooboonb
ooooooooooooobobbooboooooooooaoes
ooooooooooooobobbboobooooboooooao

10

20

30

40

50



ocoob 7T TTooH T T ooooooooOXO00O0OO0O0DOOOOOOOOCQO

[ e T e Y e B |

oo U

Ooooooooooooood

o
>

Oooooooodg
Oooooooodg
Oooooooodg
Oooooooodg

O
O

(41)

JP 2007-259445 A 2007.10.4

00000000000 0000O00000ORex,00R,,,y0O0O0O00O0D0O0DO00OO
00000
alalslis
CDAD 00 434,00434,000000000R.,,:00Rp,,00000000000

O

Ooooooog

O

O

OOoo0ooood
oo ooooooQgodg

O

O
O

oo ooooooQgodg

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

ooooaoooad

O

O

O

O

O

O

O

ooooooad

O

O

oooooao

oooooao
oooooao
Oooooao
oooooao
0 JayalathO

O

u
O
a
O
g

rbooooooooooboboooepTsonOan
PTSOD 000000000 DO0DODDDODDOOOCOCOOOO0OO0OO0OO0O0O0O0O000R:p,00O0
yoooooooooooooooooooboobooooboobooboobooboo

O
O
O
oad
O
O
O

gooad

gooooobooobooboobooboobooboobooboobao
uoobooobooboooboobooobad

oooooao

ooooooooooooooooad
00o0Do0o0ooDoooDooboooooa
ovooooooooooooooao
PTSODOO0DOODOOODOOOPTSOO
TellamburaO OO OO OOOOOOAO
odooooooooooooooaoao

ooooogogoeprSOCO0O0DO0DOOcChAODDODDODDODODODOOOoOoOooooOoO
oooooooooooooboboooboooooboooooooooooao
goooobooboobooboobooboo

oooooooooooooooano

H

n

n

CRCDA ej¢n + n

n

goooooboooooobooboo

CfCDA ej(;m (5’" c V)

bmbOOODOOOODODODOODODOODODODODOODODOODODODODOODOOODOO
gooooOoOovoooooOOoOOOOOODODODODODODODDODODOD

]
g

r = []/'O’rl’...
H = [HO

:rN—l]

»HN—l]

(29)

(30)

oooooooooooboobobooooooOoo0oooooooePTSCODODOoOO
ooooooooooooobbboobobobooooao

10

20

30

40



L T e T e T e B e B e T e R e T e T e O e T e R e T e T e T e T e T e T e O e T e T e B e B e |

O
O

(42) JP 2007-259445 A 2007.10.4

Dooao
N(m+1)/M -1
m . . ~ _R ~ 2
D prg = min min r, — H ,c, b
me{O,l,---,M—l} ne NI M gnRCDA eQ
(31)
DO0O0b ,0000K ,00000000000000
Doooo
0000000000000 0O0OD0O0D0O0OD0O0O0O00O00000O00O00DO0ODODOnn
000000000000
OO0
#* 4

INGA—H ([
AT IVE 128,256
[R1HH IN—T Ik
= 16QAM
Y7V 71—k RN ETZY 266 TR 512
TV T 2dB
YT U7 IR 19.5kHz
F¥ RN AWGN
CDA —7—aH 16,32,128
n—7—ar g7 EHDH
Doooo
0000000000000 0O0O0O0OD0O0D0O00O00O00000000000000PT

SU00oooooooooDo.9dBd 01.5dBOOOOPAPROODODOODDODODDDODOGDODRDO

O

O Ooooo

O
O
O
O

Oo0O0ooO00O0O0O0OO0O0O0O0OO0O0oO0DO0O0O0DOO0O0ODO0DOO0OO0O0OD<ODPAPRD 2dBO O
OODO0O000O000D0D0D014dB0 000000000 00O00ODODOO.010BERO O O DOPTS
ooooggo.o03o.o05OBEROD O O OO OODODOOO

ooood
goooobooobooboooboooboswvoboobooboobooboobao
uoobooobooooooboocoboooboobocobooboobooboobooodnn

PTSOD 00 O0O0O0O0O0O0O0O0DODODDODDOOOOCOCOBERDODODODOPAPROOOOOOOOO
gooooboooboooovwooobooboobooobooboooprsbooboonOan
oooooglrFTO000ooobobbobboobobobocboboooooooooooooan
oodcbA-PTSOO OO ODODOOOODODOODODODOODODDODDDODDODDODOOODODOOOOO

10

20

30

50



e R ey [ s R s [y |

e [ e e e s e i e O i Y

O

uoano
ogodad
PAPRO

O
O

Oo0Ooo0oooao
OoOoo0oooao

Oooooooodg

oad

Oo0ooooooo0ooDo xooooooooooooooogodg
I e e e e A e Y Y Y Y

OO0 ooooooQgogooo

oo ooooooQgodg

Ooooocooooooooogogoao
Ooooocooooooooogogoao
Oooooooooooooogogoao

gooad
0 PAPRO
oooad

Ooo0oo0oood

O

oogad
ood
ood
ogodad

goooooooooobooo
uooboooboooooooaoaan
oooooooooooooao
goobooooboooooobooao
uobooboobooaooboaad

O

O
O
O
O

O

O 0Oooo
O o0Oooo
O 0Oooo
O 0Oooo

(43) JP 2007-259445 A 2007.10.4

prfSOU0OcCbA OO OO OO0OUOOOoPAPRODOOOOODOO
ooooochAOOOOO0ODOOUOOoOoooooooooao
gooooooooaoaand

goobooobooboobooboobooboonob

ooooooao
ooooooao
oooo0oooao
0ooo0ooooao
0000000000 000PS, .0

CDAO 0O O 424,0 0O 424, 0O
gi1igoooooboobao
uobooboobooadgan
oooooooooooao
oooooooooad

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

oono
ooano
PAPRO
ooano
IFFTO

gobooogobepTsgn
gooboooboobad
OO0000gogoaoPAPR
PTSO O O SLmMO O O O
gooad

O Ooo0ooOoo
O Ooo0ooo
O Ooooo
O Ooooo
O Ooooo
O Ooo0ooo
O Ooooo

ocooooaxOOOOODODODOODOODODODOODODOODDODOODDODDODOOO

IDFTO O 0 O0O0O0OODODDODODODOOOCCOCOOO0OO0OOOOOoOoooOoo0ooMOOlIDFrT

goooooboooobooobooboobovooboooboobooboono
gooboooboooboocoboooboovaoobooooaoaaodao

O

O
a
O
g
a
O
a
u
O
a
O
g
a
O
a
u
O

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

g
O
g

O oOooo
O o0Oooo
O o0Oooo

O
O
O

O
O
O

O

O 0Oooo

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

OO0O0O0O0oFMOOOODDDOOODOODDOODO
(CDA) DD DDO0DODODOOO(TR)DDOO0DODO
0000000000000 TROODODODOOODO
000000000 D0O0000

ooooooooooooooooboboDooao
oooooooooooooooobbooooao

goooboobooobooboobooboooboobooooboobooboooN
ubobooobooobooboobooboobooboobooboobooboaa
ooooooooooooooobooobboo0oOoao

oooooooooooooobobobobooOobOoOOoOoOoOOO0OO0OO0OoTRO
goooooboooboobooboobooboobooboobao
UbO0O0O0ORpp0b0ooboocoboocobocobocobooboonboad
Repp0OODOOOCOCOOOOOOOOOOOOOOO

CbADOTROOODODDODDODOOOOOCOOOPAPROOOOOOOOORO
ooooooooooooooobobbbobooooooooooao
oobooobooobooootTRObODOO0OOOooOooOoooOaaan

goooTROOODDODOONODOODOOOFMODOODOODLDOORDO
Lrbooooobooobooobocoboooboocoboobooboooboaoaaa
ooorDMO O OPAPROOOODODODOOOCOOCOOOOOOOOOOOOO
Lboooooobooboobooboobooboobooboo

oooooooooooooobobboboOoooooooxobooOOOao

10

20

30

40

50



OooooooooooooogQgdg

O — — —

OooooooogogQgogooQo

(44) JP 2007-259445 A 2007.10.4

oooooooooooooooobooboobooboboooboboooooooooooooooao
ooooocoboooooooouooooooooooobboOoDOOan

ooooaod
oooooooxoocooooobooOoOooooooooooooooooao

X, =0,kO {iy,..

gooad

i yooo

C, =0,k & {ij...ri,}

ooooooooxococoooobobbDbDOOoOOOODODODODOoOoooooooooao
oooooooooooooobobobooOooocooooxobobooOOoOoOooaoNo
goooobooboooNLOboo0booboobooboobooboocecoboO
NOODOoooOoooboooboobooboLtoobooboooboobooobooodan
ooooooooooooooobobooobooooooooooooooooooao
gooboooboobooobooboobOoOFrFFTODOODOOO

O

O

goooooobooao
gooooaoooaoaad
conoooLood
gooaoao

LOOOOO{iy,-.

oooooooad
oooooooo
oooooood

k& (i}

gooooboobooboobo0oobooboobogDbooFrdMd
oooooooooooocooooooooooooobooDoOoOan
ooooooooooooooobboo0bOoano

.y yoogoooooobopooooboobooooobooooobpoooooo
ooooooooooooooobobbbobooooooooooao
ooLoboboboooooooooooooooooooobobDbDDbDDODO
ooooooooLcocooooooooooooooobooOoDOOan

00000
0Doo0an
C00D0O00O00CA] CA=[Ciy--.C;. 17000 Qr=[q;y .. 19;.1¢0 {i,,...i, 300000
0000000QDOOD0O0D00)IDO0D0O0O0O0Ce=QC=QrCA0 0000000 PAPRD
O0D0O0OTROODODOODOOOOOO0OODOFDMOO O OO O x+cOPAPROO DO OO DO D
00000000C¢ 00000000 DN00N0N0N0N0N00N0N0N00N0N000000n0an
0oo:
0Doon

min‘1x+c“w:min‘x+éé (32)

: o

00000000000 0c¢ 0000000000000 0000000000000
000000000000 OFMIOODDOODDOODDO0DD0ODOD00O00O00O0O00
0000000000000 000000000000000000000000000
0000000000000 00O0FMIOODOONDOODD0O0OD0O0O00000O00
0000000000000 000000000000FMIODOOOONODOO0OONO
0000000000000 000000000000000000000000000
0000000000000 00000000000000000000000000
000000000000
0Doo0n
0000000000000 00000000000000000000000000

10

20

30

40

50



DoooDooDooooDoDoDoooooDoooooooooooooooool ™ "Toooooooooooood

Oooooooooooao

Oo0oooogoQgdg

oo ooooooQgooooo

OO0 oo oDoooo oo oooooQgoooo

ugoooaooad
0 o0o4ogorbMO O
ooooooad
co0O0Oo0anoXxd
ogooad
gooooaooad
oooooogoad
ooooooao
ugoooaooad
ooooogoad
oo

oad

oono

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

g
O
a
u
O

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

(45) JP 2007-259445 A 2007.10.4

uoboouobooboobouobooboobaoda
ooooooooooooooooboDbDOOoFDM
oobooobooboobooboobooboa

O
O

000000000000 000O0D0O0000
L00O0D0O0D000O000 {i,,...i,}0000
00000000 POODOODOOOODOOOO
00000000 COD0O0O0OOOODOoONOD

O 0Oooo
O 0Oooo

pOO0OOOOOO0OO0O0OOOOPOOOOINIFFTOOOOOOPOOO

pODODOOODOODODOODODOODODOODODOOODOODODOODODOODODOODOOORn
oooooooopOo0Ooooooooonoan

P =Lkeli,..i;} and P, =0,ke{i,..i}

O0DO0OO0OPOIFFTOO (0O OOO)OO0p=[pyp,--.py.,1000000000000
0000000000 O0O0C0POIFFIOOOOOOOOOOOOOOOO {i,,..-i.}
0000000000000 D000D0O00O000O000O000O00O0 (kernel)d 00O
0D0O00DO0O00O0O0OoOoOoOooDOooooooodfi,,...i,}000000000
Do0oo

0000000000000 D000O0O0O0O0O0OO0O0D0O0O0O0O0O0O0O0O0DO0O0O0O0aOn
0000000000000 D000O000O000O000O0000000000000
ood{i,,...i,}000000000000CO000CO000CO00O0O00O0O00O0000O
0000000000000 000000O000O000O000ONOOOOOOOOO
00000000000 L00O000O0O00O000O0D00000000000000
0000000000000 D000D0O00O0O00O0O0OO0O0O0O0O0D0DO0ODDOO0OoOan
0000000000000 0000L00000000000000000000
00

Dooo

0000000000000 O000p, 00000000000 00000P,...py.,0
0000000000000 000O000D000D000O000O0O00L00O00O0oaO
00000O00O0p, 0000000000000 O0O0O0O0O00O00P,...py.,0000
0000000000000 O000O000O000O000O00000O0O00O0O0oaogL
0000000000000 000000O0O0ONDDODOOODOOODOOOOOOOO
0000000000000 O000O0O00O0O00O0D0O0O0O0O0O0OoO0OoooooogL
0000000000000 D0D0ODO0DOO0ODOO0ODOO0ODOONDOODDOoOooOan
Dooo

goooooboooobooobooboobooboobooboobooboobod
Lrbooboooboooboobooboobooboobooboobooboobad

O

O 0Oooo

Ooo0oooogooQgoao
Ooo0oooogoQgoao
Ooo0oooogoQgoo

O 0Oooo

ooooooooooooobobbobooooboooooooooooao
LocooooooooooooooooobobDbDbDbOoObObObObODOoDooo
oooooooooooooboboooboooooboooooooooooao
ooooogoao

ooooooooooooocoooooopOOOODODO0oOoOoOoOoOeo
gooobooobooboobooboobooboooxboobooobao
gooNoooboOagrIrrTUODODONO OO OOIFFTOODOOOOOOOO0OnOn
ooooooooooooooooobobboDooao

10

20

30

40

50



== O0ooo0oooooooooooOoaoaad

ooogo:

oo oo0ooDoooo0 oo ooogogooo -

Oooooooooooooogogoooao

_DDDDDDDDDE
O oo oooooog ®»oogooge

T
T
—

O
O
O

ood

I I = I B

Ooooocooooooooogooooao

O Ooo0ooo

e}

Ooooooooooooodg

OooooooooQgooao
OoooooooQgogooQg
OoooooooQgoogooQg
OooooooooQgogooQg
OooooooooQgoogooQg
OoooooooogoogooQg
OoooooooogoogoQg
OooooooooQgoogooQg
OoooooooogogooQg
OooooooooQgoogoQg
OoooooooQgooQgooQg
OooooooogooQgoQg
OoooooooogoogoQg
OoooooooogooQgoog
OoooooooOooQgoo

Oooooooooooooodg
OoooooooQgoogoQg

O

oPIDODDODO0DODOODOODOODOO

uo

[ |
[ |

O

JP 2007-259445 A 2007.10.4

ooooooooooooobobbbooooobooooao
ooboooboobooopPAPRODOODODOODOOODOOO

oo

a
O
oo
o
oad
oo
oad
oo
o
oad
P20

Ooooooood
Ooooooood
OoooooooQgodg
OoooooooOodg
OoooooooQodg

2

ooooooooooooobboooao
(opP)ODODOOODODODODDODDODOODOO

Oooo0oooQgdg
Oooo0oooQgodg
Oooo0oooQgdg
OooooooQgdg
OooooooOodg
Oooo0ooooQOodg
OooOoo0oooOodg
OoOoo0oooQgodg
OooooooQgodg
Ooooooogodg
OooOoooooOodg
OooOooooodgdg

ocoooooOO0O0oooOO0O0oOobOOO0oOooOobooooDbDOoOoboPObODOODDOODR(

oad
O
O

O

OoooooooQgooao
OO0 oo ooooooooooooQgg

i+1

g
g

OooooooQgdg

O
O
O
O

O
g
a
O
a
u
O
a
O
g
a
O
a
u
O
a
O

. yogogoooogooooOooooooooooooDoOoooDOooooooooao
oooooooooooooobobooboooooboooooooooooooao

goobooobooobooboobooooXxoooboobooobokP20 OO
gooooboaoan

O

OooooooQgdg

O

OooooooQgdg

O

OooooooQgdg

O

OoOoo0oo0oooaoo
OoOoo0oo0oooao

O

oo

oo
uo
oad

goooobooooadd

goooboooboooooand
ugobooobooobodad
ooooooooooao

X0O0oOoooooooaoor3d

oo

ooooooooooao

PAPRODOODOODOODO

oo

=X'=u Y.a,p,

x> 4

goooooooaoan
ooooooooao
gooOxnODOOODO

goooobooooadd

ugobooobooobodad
ooooooooao

ooooooooooao

O
oooad

OoOoo0ooo0ooao
OoOoo0ooooao

oooooooobDaoganopr2
op20 00 O0O0DODOODOOAO

ooooP3DODODOOODOOO

ooooobooooboooboad
ooooooooooooao
oooooboobooobao
uooboooboobooobad

uobouobooboobad

goooobooboobooboobooonn

al =x —A-exp(j- angle(x.))

oooooooooooobobobOoano

10

20

30

40

50



Oooooooooooooogooooao

[ e T e T e B |

ooot

@

Do ooDooDooo0oDooo T T T oooocs

Oooooooooooooogogoooao

Ooooooog

O 0Oooo
O 0Oooo

Ooooocooooooooogooooao

Ooooooog

ooogad
oooaod
ooogad

0ooo
x,; |0 AD
0o00O
0ooO

— OO o0oooo

oooaod
ooogad

OO0 oo ooooQgoooo

Oooooooooooooogooooao
O 0Ooo0oooo

O

Oooooooodg
Oooooooodg
Oo0oo0oood
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
Oo0Ooo0oo0ooao
O0Ooo0oo0ooOoao
O 0Ooo0oo0ooOoao
O 0Ooo0oo0ooOoao
O 0Ooo0ooOooOoao

O
O
O
O

O
O
O
O

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

O
O

O
O

O
O

O
O

(47) JP 2007-259445 A 2007.10.4

ooooooooao
ooooao
ooooao

(]
(]
O
O
O

oooooooooooao
ooooooooooao

O
O
O
O
O
O
O
O
O
O

O
O
O
O
(]
O
O
]

ooooO
ooooao
Ix,; 10 AO
0oooo0

goobooobooboaoad
oooooooooooano
gooooboooooano

O

O 0Oooo
O 0Oooo
O

O Oooo
O Oooo
O Oooo
O Oooo
O Oooo

oooooooooooooobbbooobobobooooao
NOOGOoogsio,oosioyooooooococoooooao

gooooobooobooboooboobooboooNoOoODbOonoboano
uoNoOobOoobooobooboobooboobooboobooboobao
NOOOoooooooooNoOoooooooooobDbbobooobooooogoao
gooooobooooboobooboobooboobooboobooboonnb
ugboboooboooboaoTROOObOOoobOooboooboooboooboaadd

Jj2znAft

. 0<t<T (34)

00000000000 00000000
OOPAPROOODOODOODOODO(I)IOO

PAPRODOOODODDOOODOODOODO rx
00000000000 00000000
O0O0OR,,000D000000D0O000

Oo0Ooo0oo0ooao
O 0Ooo0oooao

Rcps = min (&,) (35)
r

[ I |

goooaoan
uoano

Reppd0oboobooboobooboobooboobooboobaodd
ooodrpPSrotO00C0COCOOOO0OOOOOODOOOODOOODODDODODOGODRO

OFDMO O OO OGOGOPAPRODOOOOODODDODDODOOOCOCOOOOOOOOOOOOO
oooooooooooooooobobobobooboobobooooooooooooao
oooooooooooooobobobobOooocooooooooogoorbMo OO
gcobAl D OO0DOoobDPAPRODODODDOODDOODDOODOODOODOODOO

oogad

0000000000000 00D000D0O0OO0O0DNO0D0OOO0O0ONOoOOoOoOooooao
00000000000 0000D00000O000000O00000O00O00PAPRD
0000000000 rX,...00000000000000000TrX.,0000

10

20

30

40

50



(48) JP 2007-259445 A 2007.10.4

UPAPRO D O ODUOODODODODOUODT rX,ese oo boOoPAPRODDOODOO
gooooooboobootoobgouoobgoUobobo0oob0oUoboUoboboDooboao
0 I I e e e A O A O A A M A B A
0000000 bD00b0D00D00b0D00bD0oU0UDO0ODO0O0OD0OTrx,esedO0ODOOOPAPRO
0 I I e 1 I 0 A O A O N A MV A B A
0000000000000 0Orx,.eseCOO00DDDO0O0DODOoOooooooOoOg

goooooad

0 I I e e 0 A O A O A A B A
I I I e T A 6 6 A O A O M A M A M A
O00Orx,ese 00 00oo0TROODODDODODUODDODODDODDODODODDODODODDOUODDODDODODODODOO
0Oo0oo0o0ooDoo0oo(r)DOTROODOCOODODDODOODODOODOODOODOODOGOOROPA
PROODDODODODDODODDODODDODODDODODDOODODODDODUODOUODDODDODODOOD
gooaoad

[

[ . . A

e [, + €|, = sl e QCMOO <], (36)

[

u

gooogoad

I I I I e e I A I S 0
gosiloy000b00ob0oU0b0obo0u0bd0u0bDdOrxlOrxNOONODDODDODOGOooOd
I I I A A I Y A A A MV R I
DY B2 I I I I A R A B B A A B O A B A W A W A N R W
000000 drxlDOrxNODDODDODOO0DGO0Oooooooooooobbooaooez2:
JO092NO00TRODODDODODDODODODDOUODDODOTrx1+C,O00OFrxXN+Cy,0D 00D O ODOODOO
0000000 b0o0ob0D0o0DU0U0b0D0U0UDbDU0OUOPAPRODODODOUODOODOPAPROD OO
oo oooobbbobbbbbdodddo0d0ouUoooPAPROD OO DODDDOGOGOG OO
O0rx1OOrxNOOODDODODDODODODODODUODDOODDODOODOOODAUOTrx1lO0Or rxNOPAPRO
0 I I e 1 I 0 A O A O N A MV A B A
ddoggPAPROODOODODODODOODODODODDODODOUODUOUOUOUOUOUOUOUOUODODODODDDODOODODGO
gooooooboobobooooddg

gooooao

I I I e T A 6 6 A O A O M A M A M A
gooooooboobootoobgouoobgoUobobo0oob0oUoboUoboboDooboao
oo ddrxlOOrxNODOD DO OO oooooooobobboooao
Oooobooi192,00192, 00000000000 D0DO0ODO0ODDODODU0ODLDOU0ODODO0O0ODO?I192,
gpol12y,000bo00b0oboo0obo0uobuoouobobboobge2,ouoe2yubobobooao
oooooDooooobooDbil192,00192y00b0 b0 oM00D b0 DbooDoooao
onoaod

gooooao

J000O0TROODDODODODDODODODDODODUODOrrxlOoCG,OOrxNOCy,O O ODDODOoOoDOooOoooao
0000000 bO0oU0b0DO0OO0DU0U0OPAPROUDODOTRODODODDODODDODODODDODODOODODOO
oodoooooooooo0ouogo0oo0ooooDUoooDUoyUooDUogOooU192, Do ooOoO
goooooobgoobo oot bgoUobo b0 b0 boUobooDooboao
0 I e 1 A A 2 = I = 1 I 6 O N O N O MV AR VA
oo oooooobbonoao

goooooad

O

COADOTROODODOOODODOODODOODDOODDOODDOODDOODDOODOODOOORD
uobobooboobooboobooboobooboobooboobooboobad
ooooooooooooobboboooooooooooooooooobobDbODbODOao



OO0 0000000 DODODODODODOXOoOoOooDoooooooooooooooooooofl """ "7"oo0oao

Ooooooogogobooooo|oooooao
Ooooooogogobooooonomooooao

(49) JP 2007-259445 A 2007.10.4

oooooooooooooRrRcCDADDDODOOOOOOOODOOOOOoOoOooOoooOon
oooooooooooooooboboboboobooooooooooooooooooao
gooaao

oad

=
o)
=

Il

g

O
O

O
O

O O
[ |
O O

-

OoooO0oewooooogooao
Ooooooooogooao
Ooooooooogogogooao

O
O
O

O Oooo|i.
O Oooo|i.
O Ooogoo|i.
O Ooogoo|i.
O 0Oooo

O

O

oo

O
O

O 0Oooo
O O0ooo

Oo0oooooo|joooooo|joooooo
Oo0oooooo|imoooooo|ioooooo

000 OO0 PAPRD
Ix, . 10AD OO
Ooooo0oooo

uoano

O

Ooo0oaoao
X0 10 AD
Ooo0o0ooao
O00oogoao

O

O
O

(33)0
00O

O 0Ooogoo
O 0Oooo
O B

O
O
O

OooooooQgoao
O 0Oooio;oao
OO o|;;.

OO o|;;.

OO o|;;

OO o|;;.

O

O

O

ggddgd

r

O g O

O
O
O
O
O
O
O
p
O
O
O
O
O
X

I

n
o

O

O

xg O
Ix,; 10 AO
Doooo
Doooo
ory,..
x'*°0x,,0000000 (n=1
DO000000O00000000

PAPRO
ood
oono
ooano
oogad

(37)

goobooobooobooobooobooboobooboooan
oooooooooooooboboboooooboboooooao
oooooobooooooboo

goobooboobooboobooboobooboonb
1"“OIFFT00D0DO0O0DO0O0D0O0O0D0DO0OO0ODODODODOOGOn
ooooooooooooobobbbobooooboooooao

oo

goooobooorDMODODDOODOODOO

ooooobAbDOooOooOoaan

oooooooooooom0DO00D0O0O0COCOOOO0OO0OO0
oooboooboooboobooboobooboobon

xg O
oo
oo
oo

O 0o oo
O 0o oo

O
O

O

oooDDoDoo™OoOoOofooooOooo

n,0 000000000000 O0O0D0O00O00
DO0000000O0Xx'000000O0000000
0000000000000 D0O0D0O0D0O00O00a0
O

oooooboobooboobooboobod

oooooooad

gooboooboobooboobooboobooboonb
1"WOIFFT00DO0O0ODO0O0D0DO0OO0ODO0OO0ODODODODOOGOn
oooooooooooooboboboboOooboboooooao

.,r,00ooooao

O0Ooo0oooao

O
O
O
O
O
O

DOoooFDMO O OODOODOODOD
DO0ADDOODOD

RO0D0DD0DfoDoDoooaDo

n,00 0000000000000 D0O00O00
0000000000000 D0O0D0O0D0O0OO0O00aO
0000000000000 mMm000M00000

.WMHOooOoDooooooao

10

20

30

40

50



Ooo0ooooooo0ooDoooo o0 oo oDoooo0ooDoooogogoooao
Ooo0ooooooo0ooDoooo o0 oo oDooooDooDoDoooogooooao

Oooooooodg

OO0 ooooooooooooo
OO0 ooooooooooooo
Ooooooooooooooogdg

OoooooooQgooQgQg

OooDoOooooogooDooxX oo
OooooooQgoQgaoQm

OoOoo0ooooao
OoOoo0ooooao
OoOoo0ooooao
OoOoo0ooooao

X
(@]
o
>

Iy |

O 0Oooo
O 0Oooo

-
=

0o -
I:ID

3
O O

O
O
O

O
O
O

O
O

O
O
O
O
O
O

el

Oooooooodg
oo oooog=2 dg

O
O
O
O

Oooooooodg
Oooooooodg
Oooooooogdg
Ooooooood
O o022 00000

O
O

OooooooQgooQgQd
OooooooQgooQgQd

[ |
[ |
O X

ooano

ooano
uoano

O

O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O X OoO0Oogaog

O
O
O
O
O
O

O
O

O
O
O

(]
O
O
O

OooooooogoQgQg

I [y |

I [ Iy |

I [ |
Oo0Ooo0oo0ooao
O0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao

O

(50)

O

O

JP 2007-259445 A 2007.

Ox,; |0A00DO0O0O0O

O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oooao

ud
oad
oo
TRO
o
o

O 0Ooo0oo0ooao

rm
O

O O

u
O
a
O
g
g

=RO
oo

O

I I |
[ B |
[ I |

OFDMO
ooad
ooano
ood
oono
ooano

O 0Ooo0oo0ooOoao
O 0Ooo0oo0oo0oao
O 0Ooo0oo0ooOoao
O 0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao

PSrotd 000 000000O0O0DODODODODOODO
UORpp000O0o0booboooboooboobOo
uobooboobooboobooboobad

oooooooooooooorMOD O ODODOODOO
goooobooobooboobooboobao
goooooboobooboobooobaoada

goboooboobooboobooboobao

10

20

30



(51) JP 2007-259445 A 2007.10.4

Ooooad

[

[ X5

[

[ | os5p—p {[:1

[

E YT XYY T B 2048

E #—4k PAPR 6.5

E [a) IN—T Ik

E I 16QAM

| Fera AWGN

N e Lot ESOB

[

. | TR 30

[

]

Oo00oogoao

googooooogoooggouo ooy oyooo0oygo bbby oDyggpopDbouogooo
0000000000000 UOUPAPROOD DD DODOUOOOOOOFDMO O
0000000000000 O0D0LO00o0DO0O0oDOoOOo0oDOoOo0oDOoOO00nDaOPark)d oo
0000000000000 0Qg0L=e0000O0O0OUOQUOOFDMO O OO OOOAOL=3000O00
I = Y 1 e e A R R R
O 00OPAPROPAPROO O OO DO ODOPAPROODOODOODOC(CCDF) DO DO OODOOCED
FOSOOOOOOOOoOoOoOoOoOoOgPAPROOOOOODODODODDODODODODDODOPIODODODOOO
O00000s=1,000,0000000000000CCDFOPAPROOD D OO OOOOOOOOO
OO0O000DU0OO0O0OgPAPROOD OO UOUOOPAPROO DD DD DODODDUOODOUODUOoOoOoOono
000000000 oogogPAPROOD DD DD D ODDOOOOOO

O00ooogao

godoooooocopoogoouo ooy ouoogooocyoo oo ooy oo oo oDooOooo
000000 o00o0o00o0o0U0ooo0Uoo0D oo oo UooOoUcechADD DO OODOOO.8dBO
O2dBO PAPRO DO OO DODDOODODODDODODODODOOOOOODOOOOODOODOOOOOOGODAG0O
0000000000000 TROOPAPRODODOODDODDODODDODODODOODOUoDoDoOoog
I e I G L e A A A =
PROODOODODOOUODODOUODODOOOOT

gooogoao

gooogooooogooooooogo0ogoogooooLoLDLoUoyLoyUo Lo ooao
OoooogogoggcecbAD DD ODOOOODOODODaO

OoO0o0ooogoao

gcoA0 D TRODODODODOODODOODDODOODDODOODDODOODDLDOODODOODOODOODOO
oooooooooooooboboDbODoOOoOOoOOOoOOoOCcCbhAD DO SLMO O OCDAOD OPTSODDODOODODO
ooooooooooooobobobobOobOoOoocOoOoOoooOoochADOTROODODODODOOO
gooboooboooboooboooboTRODOODDODOODDODOOODOODODOBERDOODOODOP
APROODOOOOOOOOOOOOOOOOOOOOOOOOOOODODOODODOODOOO
oooooooooooooobobDbODOcbADOTROODDODDDODDODODOOOOOOOOOO

10

20

40

50



e R ey [ s R s [y |

Oooooooo0ooooooo00 oo oDooo oD oo oDoDoDoDoo0ooonDoDoDooo0oooDoooogogQgg
Oooooooo0o0oooooo00 oo oDooo oD oo oDoDoDoDoo0 oo oDoDooo0oooDoooogoQgog

O
O

"i’l:ll:ll:ll:ll:l
O 0Ooo0oooao

O
O
O
O

e e R e Iy e e I A |
[ e e e R [y s [ |

OoOoooooDoooooogeooooooooao

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

uoano
ogodd
PAPRO
oad
oo
S50

O
O
O Ooo0ooo

OoooooooQgdg
O 0Oooo

S40

OooooooQgodg

O O

O 0Oooo
O 0Oooo
O 0o oo

gooad
PAPRO
oooad

O
O

oono
uoano
oodad
ooano
uoano

O Ooo0ooo
O Ooo0ooo

oooad
oooad
OFDMO O
O OFDMO

O O
O O
O O
O O

O0Ooo0oooao
O0Ooo0oooao
O 0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O 0Ooo0ooo0oao
O0Ooo0oo0ooao
O0Ooo0oo0oo0oao
O0Ooo0oo0ooao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O 0Ooo0ooo0oao
O 0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0ooo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O0Ooo0oo0oo0oao

OooooooQgogoao
OooooooQgogoao
OooooooQgogoao
OooooooQgogoao
OO ooooodg

O
O
O
O

O
O
O
O

O
O

O

O Oooo
O Oooo
O 0Oooo
O Oooo

O
O
O
O

O
O
O
O

O
O
O
O

O
O

O
O
O
O

_I_I
oo S oogood

gooad
ooogad
oooad

ogooaod
0 osig
OFDMO O

ooano
uoano

=
Oooooooodg

Oooooooodg
Oooooooodg
Oooooooodg
Oooooooodg
Oooooooodg

oono
ooano
ogodd
0 OFDMO
gooad

ooano
OFDMO
oono
ooano

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

O O O
O OO
O O o
[ i Ry

oooad
OFDMO O

O
O
O
O

(52)

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

O 0O o

O

OFDMO

O
O

OFDMO

u
O
g

O

O OO
[ i Ry
O O o
O O o

OFDMO O
Ood

gooad

O
O
O
O

O
O
O
O

(]
O
O
O

O
g
g

0 O orFbMO

oo
ugooad
ooogad
O OFDMO

sS40 0O O
oooad

O
O
O
O

O

u
O
a

O
O
O
O

O ooOoogooao

_I_I
O oooQgoao

O O0ooo

=
Oooooooodg

Oooooooodg
Oooooooodg
Oooooooodg
Oooooooodg
Oooooooodg
Oooooooodg
Oooooooodg
Oooooooodg
Oooooooodg
Oooooooodg
Oooooooodg
Oooooooodg

JP 2007-259445 A 2007.10.4

O O0ooo

O O0ooo
O O0ooo
O O0ooo

O O o
O O o
O 0O o

O
O
O

ooad
OFDMO
ooad
ooad

O O0ooo

O
O

O
O
O

O
O
O

O
O
O
O
O
O

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

O O0ooo

O O0ooo

O
O
O
O

O O0ooo

O O0ooo

O O0ooo

ugobooboobodaTrROOPAPROODOODOOOAO
oochADDODDODOOOOOOOOOOOoOoooooan
gooaao

oono
ooano
ooad
ooano

goano
OFDMO
oono

ooad
OFDMO
ooad

ooad
oodd
ooad
ooad

10

20

30

40

50



Iy e e e e [ e e R

(53)

ubobooobooboobooboobooboaodo
ooooooooOoOoOoOOOOoOFDMOOOOODODOOD
oooooboooboooboooboooboooboaoano
oooooooooooooo
gooogao
uoooooboooboooooobooobooboaoadan
ooooooOooOooOoOoOOOOOoOFDMOOOODOOD
gooooboobooboooboobooboao
ubobooobooboobooboobooboaodo
ooooo
oooooboooboooboooboooboooboaoano
ooooooooooOoOoOoOOoOOOOOOODODOD
gooooboooboobooboobooboo
uoooooboooboooooobooobooboaoadan
ooooooooooOooOOoOOOOOODODOODODOD
gooooboobooboooboobooboao
gbobooobooobooboobooboobad
ooooo
oooooboooboooboooboooboooboaoano
ooooooooooOoOoOoOOoOOOOOOODODOD
gooooboooboobooboobooboo
uoooooboooboooooobooobooboaoadan
oooooooooOoOoOoOooFDMOOOOOODODOOD
gooooboobooboooboobooboao
ubobooobooboobooboobooboaodo
oooooooooooOOoOOOOODOODODOODDODOOD
oooooooooad
ooooo
gooooboooan
gooooaoooaoan
ooooooooo
gooooboooan
00)
ooo
ooooobooobooobooooooan
oooooo
gooogao
ooano
oooswmoooooOOoOooOo
gooaoao
uoano
ooo
ooano
., ., 0000000000000 0000000
gooaod

P, =[% ... %, ¢ e (027], wue{l,.. U}.
gooadd

O
O
O
O
O
O
O
O
O
O

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

O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Oo0oo0ooao
O 0Oo0oo0ooao
O 0Ooo0oo0ooao

OooooooQgdg

Ooooooogodgdg

OoooooogoQgdg

JP 2007-259445 A 2007.

OooooooQgdg

OooooooQgdg

OoooooogoQgdg

(]
O

ooad
OFDMO
ooano
ooad
ooano

OooooooQgdg

OooooooQgdg

OooooooQgdg

O 0Oo0oooao
O 0Ooo0oooao
O 0Oo0oooao
O 0Oo0oooao
O 0Oo0oooao
O 0Oo0oo0ooao
O 0Oo0oooao

OooooooQgdg

uoano
ogoad
OFDMO

(]
(]
O

OooooooQgdg
Ooooooodgdg
Ooooooodgdg

O

O
O
(]

OooOooooodgadg

Ooooooodgdg

O

OooooooQgdg

goooooboooobooobooboobooboobooboonb
(ACPpHOODODOODODOODODODOODODODODDODODOODDODDODOODOO
OOACPODODOOCOCOOOOOFMMOIOOOOOOOOODDODOGDODRO
ooooooooooooooboboboooooboo(@mooDoOrn
ugboboooboobooboooboobooboobooboobooboodnn

OoODO0O000OD00O0O0D00O0OD0OD0OO0O0O0ODO0O0OO0ODO0O0ODDOODDCACP)ODO

oooooooooooooooboorDMOOOCOCOOOOOOOOOOOoFMODOO

ugobooobooboobooboobooboobooboobooboodnn
ooooooooooooooooboboboobooooobooovuobDbDbODbODOOn
obobooobooobooobooobooobooobopPuONDODODODDODUO® g0 1,0 5,

oooooooooooooooobobbboboooobooboooooooooooooooao

10

20

40

50



L s o s s A s R

OO0 ooooooQgodg

o — — — ™

OooooooogoQgdg
O Ooo0ooo
O Ooo0ooo
O Ooooo

O — — — ™

OooooooogogQgogooQo
OooooooogQoogoo
Oooo= ooogogogogoao
OooooooogooQoogooQo

(54) JP 2007-259445 A 2007.10.4

0000000 CoO0D0D0D0ODOO0OO0OO0O0DNDDD0OOoDDoDOoOOoOOoooo(TDO0ODDODOO0OO
0000000000000 O0DO0D0ODDOOOoOFDMIDODODONDODODDOOOOODODOD
O0O00O0D00ONODODDDODOOOODODOONOODODDDODOOODOODODDODODOOOO
0000000000000 O00Af=1/TODODOOTOOFDMO OO O(TTIODO)ODODODO
goooFDMI D DDOUDDDDDOODOOONDODDDDODODOOOODODDDDODODOOOOOD
Oo0O0O0o0o0oDO0DDoOOoO0oOaon
OooQgao

1 ¥ i
s =—=> c,e ., 0<t<T (37)

JN =
OO0ODOC=(c,0c,...c,.,)00000000000000ONOODODODODDODODDOODO
Oo0Ooooooooao
oooQgao
0000000000000 D0O0DDDOD0DO0O0O0ONCOO0O0ONDNDDDDODOOOaOanOePul
000000000 OouUDDODOOoDOOOoOooFDMO OO OOOODODOD
oooogao
00000000 DOOFDMOIOODODDOUDDDDDODOOOODODDODDDODODOODODOOD
Oo0ooooooooaO
oooQao
su(t): IVVN—lcnejQﬂnAﬁ+¢g) (38)

N n=0

DOooOFDMD 00 DDDOODDODODOODDODODOODDODOD
DOooOoo

S(u)=[s, (u),s; (u),...,sy_.(uW]",0u=1...u0 O O (39)
MDODOODODOODOODOO

O

<

O

Il

O

O
a
u
O
a

O
goooooboooboobooboobooboobooboobooboo
ubobooobooboobooboobooboobooboobooboda
ooooooooooao

s, |s|< A (40)

Ae I'¢(S), IS|2A

¢
O
O
O
O

O
E(

(s)OsoOoooooo
O

00000000 SIMNDOOODOO0O0OO0O0OOOODOODODOODOC(ACP)DDOOD
0000000000000 O000O000O0FDMOIOOOOOOOOOODODOH
V0000000000000 O00DO00O00O0OoOPUDDOODOODOODODOD
O

Isc (W1%),0 k=1...M0 O (41)

E00D0o0oODo0oo0obOooboobao

O
O

O
ooootoAcOO0O0O0OoooODODDODODOnO

10

20

30

40

50



OooooooogogQgogooQo

N e o S S o B B B B B o e e e e

OoooooooogooQgodg

O

(55)

JP 2007-259445 A 2007.10.4

O (Ac)gs=H qe U Age 0 O (42)
0000000000000 A(0000O0D0O0D0O0DO0O0OO0D0DO0DO0DODOoDOog)
0000000000000 pwO000000000A0DODODODOOOCOOQOO
0000000000000 00A0D0ODOODOOOO0O0ODO0DO0ODODODODOnn
DoooQoaOo
Doooo
oFOMD0 000 D0O0D0O0DO0DO0DOUDD0O0DO0DO0DO0DO0DO00O0DO0DO0DDO0OOO
DOPUOOOCODOODODOODOODODOFNOOOCOODOODOODODOODODODOD
DO0O0(CP)DODODODOODODODODDODODOO
Dooao

M

ACP = ¥m, (43)

k=0

2 2
" = s ()| — A, when s, ()] > A, (44)
¢ 0 Otherwise
Doooo
00000000 s(u’000000000000(43)0ACP00ODODDODOOO
0000000 D0AOODDODDODOODODODODOOOCOOCOOOOOOOO(43)
0000000000000 0DO0DO0DO0DO00DO00O00O0O0O0O0OoDOoDoOoOoDoOoDoOnn
000@4)0(@0000000000)I0DO00DO00O0O0O0OD0O0DO0O0DO0DODODOD
Doooooooo
Doooo
DO00O00O0O0O0O0COO0OFDMDOODOODOODOACPODODOOFDMDOODODOOCOODOO
0000000000000 00D00D0000000000000000 w0000
ODOO00Pulu=u,., 0000000
Doooo

min (ACP ) (45)

Doooo
0000000000000 D0O0D0O00O00OFDMOOOOOOACPOOODOOODOODOU
0000000000000 D00D00D0O0000000000000000000Uu0
ODOulu. 0000000
Doooo
DOO00O00O0O0ACPODODO(CODODODOO0O0O0OP,,p0000)0O0O0FDND
00000000000 DO0ODODoOooOoQoao
Doooo
0000000000000 D00ODO0ODO0ODOO0DO0O0O0D00O0O0DO0DODDODODOD
0000000000000 D0DO0DO0DO0DOODOO0O0O0O00O0DO0O0DOoDOoODOoOoDOnn
sio0 0s1300000

gooooan
oooogosicocococooooooooooooooobobbDbODbODbOObOOObOOoDoOooOoo
ooooocoboooooooooslioooobooooooOooooobouoooooOod

10

20

30

40

50



(56) JP 2007-259445 A 2007.10.4

ubobooobooboobooboooboaadd
oooogad

c® p,

uoano

oogad
gosSizboobooOo0OACPODOODOFMOODODOODOODOODNP...pO0DO0O0O0
OCoOO0O0oOO00O0OPUOODOCDOODOOOOODOACPODODOODODOOODODO (43
yboooooDbDOoAPCOODDODOODODOODDODDODODODODDODOODDODODDODDODODODDOGO
gocoDorDMOIOD OO O0DODO0OOOODOODODOODODODDP..,0000O0DO0DDDDODODADO
O

L

L

U
a
O
a
u

O Oooo
O Oooo

gooogoao
gbobooobooobooobooboobA,B00b0O0O0ODOO0OODOOODODOODOOOOOO
oooooooorbMODAOD OO O OOOOOOODODDODODOOOAODDODODDODODOGODRO
cboiloogooooop,pOD0O0O0OOO0OO0ODODODDOODDODODDODODDOODOODOOOnN
oooooooooooooboordMOOBOOOODODODDODDODDODDODOOOOOOOOOADDODOO
ooooocobooocooooogoe,ooooobobobbDbDbOOOOOOOOOOO
ooooooboooooobooobooobooboooboobooboobooboooann
ooooooooooooooooobooboobooooobobooboooooooooooooao
goobooobooooboooan
gooaao
OooooooooooooobobobDbDbAD0O0O0O0OBOOOOOOOPAPRODDOODODO
goooooboooobooobooboobooboobooboobooboobognnb
ooooooooooooooboboboooOooooooswmoobODOOOCOODODODOPAPR
ooooooogoorbMOODOOODDODDODOOOOOOOOOOFMMOOOOOOOOO

gooooboooboopPiD0O0DbO0OO0ODOOO0OADDOODOODOODODOODOOO

ooood
goooobooobooobooboobooosb00obOoobDADODODOODOORD
uoobooobooobooobooobooobooboocobosoboboobADOODOOOnO
OooACPOOOOCOOCOOOOOOOOOOODOOOOOODODDDODDODODDOAODOODOGO
gobooopP0b0b0n0bDO0OooOBOOODOODOOODOORDO

gooadd

ooooooooooooobboboODoOooFDMO OO OOOOOPAPRODODODODODOGDODADOSL

ooooobooooooboooobooobooboooboobooboobooboooann

DO oooooeoeo=E=Eo0o0o0o0oooo9Yooooooogooao

oooooooooooooooobooboOooooooswmobobODODDODOOOOOOOA
pODOODOODOO
gooaao
oooooooooooooooobobbobooboooooboooooooooooooooao
goooooboooobooobooboobooboobooboobooboobognnb
uboboooboobooobouoboouoboobooboobooboobooboodnn
ooooooooooooooswivooooooooobobboboooobooooogoao
ooooooooooooooobobooboooswwoooooDbDDbDDbODOOOODODODOoDOoGoOo
oooooooooooooboboboboOoOoOoOocCOcOoOO0oUooOol1eAMODO OO OOODOGOO
OO000oo0oOooo0ofd2dB00000O0O0O0O0O000O00O0119.5kHz0 00 O0O0O00O0O0DODODOAWGN

(0oooooooboOo0oooOo) hOoOoooOODOoOooOOoOOoOooODOODDODOOODO26001
20 00 00O0O0OODODODOOOOCOOOO0OOOOOOOOOOOOO

gooooan
uboboobooboobouobooboobooboobooboobOPAPRODOODOO
ooooooooooooobobosivoooooooboDbDDODODOOOACPODDODODDOGDODODOAL

10

20

30

40

50



(57) JP 2007-259445 A 2007.10.4

MmOoooooooooooooooboobooooooooooououoooooswvmooooodg

X=YX,b (49)
m=

cooOoo4{pm,lOmMOM}yOOOOOOOCDODOOOOXODODOOODODOODODDODDOOODGO
OoODO0O0O0oDO0OD0O0O00DD00em=arg(bm)D 0 0O0O0O0O0CDODOOCDODOODODODOODODOGO

0000000000000 D0DO0DO0O0000000DDODO0O0O000OO0O0OOoOoooOOan
O00DD0D0DO0O000SIMIODODOOOOODODDDODODODOOOOOODDODOOOOOaO
oooooao

0000000000000 D0D0D0000000000D0000000000ODOACPO
O0O0DDO0OOSIMODODODODO0OO0OO0OO0OOODODOPAPROODOOOOOSINDODOODODDOOO
O0O0DDOOBERDDDDODODOOODODOODDOODODOOOOOOOD

OoooooOao

Ooooooao

0000000000000 D0DD0DO0O0O00O0FDMOIOODODDOOOOOODOOOOFDMOODO
OOOoOoPTSODDODODOOO

oooooao

0000000000000 DD0DO00O00000O0D0DO0DO0DO0O0O0O0O0OoOOoDDoOoOOaQ
O00DD0D0D000000O0O0DDOOIDFTO OO 640,00640,0 000000 642,00 64
2,00 0000000000000 O0O0DOO00

OoDoooao

000000000 00DSODDODODODONOOONODODDDODODOOOO0ODODODODOOaO
0000000000000 DDO0OO0OPSOOOOOODODOOOOOOOOODODODOOO
O00DD0D0DO0DO0O0O0ONDOOODOOOOOOODODDOOOOOOOOODODOOOOXO0O0OO0O
oooo

OoDoooao
O00D0D0DO0XO0OO0DDODODO0DO0OO0OO0OOODDODO0DO0DO0O0O0O0O0OO0ODODOMOOODODOOO
OO0OxmO0OO0OO0O0OOO010mMOMOOOODODDOOOOOOOOOODODOOXnO0O0OO
0000000000000 0DDD0DO0O0O0000O0O0OaD

ooooo

: M

[ X=3vX, (46)

[ m=1

0

oooooao
O00D0D0000000000D000000000ACPOOOOOODODOOOOOOO
0000000000000 DD0DO0O0DO0O0O00O0OODDODO0DO0DO0O0O0O0OoOoDoDOooOOan
ooooo

Ooooooao

000000000000 ObWMIDODODOOOOODODDODODODOOOOOOD
ooooo

[ .

[ b =en (47)

E ¢, €(02z], mefl...M} (48)

O

Ooooooao
OO00DD0O0ObMIOOOOOODDODODODOOOOOODDODODODOOOOOOD

O

[

[

[

L

O

O

10

20

30

40

50



I
o ~MOOoOOoOogooOgd

ooooY T T Tooogooooo

o — — — ™

O0Ooo0oooao
O0Ooo0oooao

o — — — ™

OoOoo0oooaoo
O0Ooo0oooaoo

O 0Oooo

—

(58) JP 2007-259445 A 2007.10.4

ubobooobooboobooboobad

O0oog

¥=IDFT{X}
OO0O0O0oDOooOIDFTO O 0O 0000 oDoo0oo0ooDoo0ooDoooogoolIbFTO OO 64
ge40,0MO 0D DOODODOODOIDFTDODODODOODDODDODODODOO
Oodo

M M
X=Y3b,IDFT{X , }=Yb,x, (50)

m=1 m=1
oooao
000OMOOOOOOOOOOOOOOX,=IDFT{X,}000000000
oooao
0000000000O0Ox,00000000000000O0O0O0O0O0O0O0OO0OO0OO0O
0000000000 WmOOOOOOOOOOOOOOOOOOOOACPODOOOO
0000000000000 O0O0O0O0OO0OO0OO0OO0OO0OO0OO0OO0OO0O0O0O0O0O0O0O0O0O0O0O00
00642,000000000000000000O00O00O0O0O
0ooao

b cp =1b1sbye 20y, ]

oooao
I0000x 0000000000000 00000O0O0O0O0O0O0O0O0O0O0OO0O0Oan
00
0ooao

Sk: %bm‘xk,m 1)

m=1

0000KkONL-100O0O0OLOOO0DOOOOOOOOOOOOOOOOOOOOOOO
oooao
0000000000000 O0O0O0OO0OO0OO0OOOOOOOOOOOOOOOOOOOO
0000000000000 D0DODODODODODODODODODDDODODODOOOODDODOOOOO
0000000000000 O0O0OO0OO0OOOOOOOOOOOOOOOOOOOO
ooao

_ X, |x]<4 (52)

P e 700 724

OD00¢ (x)Ox O0ODDODO0DO0O0O
oooao
O0x 00000000000000000
u=E(Is«1°)0 000 0530
0000000000500 00000000000O0O0O0OOOOOEDOOOOO
ooooooao

10

20

30

40

50



L T T e T e T e T e T e B e Y e |

L T e T e T e T e T e Y |

(59) JP 2007-259445 A 2007.10.4

Dooooo
booooooooooooooOooO0ooOOooOO0ooOOooODO0OOO0ODAcODODODOOODOODOO
0O
0 (Ac)as=H aptAge D O O (54)
0000000000000 0O0D0ACPOOOOACP,,00O0O0D000O0DOODOO
ooooo
NL-1
- (55)
ACP = % 7,
k:O
10

- s )"~ 4 when s, (0) >4, (56)
¢ 0 Otherwise

OO0O0O0O0O0O0Ob,cp,0O0OOODODDDDDODODRO
gooado

min (ACP,) (57)
b 20

O
O
O

C

L

L

O
oooood
O OCoOO0O0D0O0OD0O0OO0O0Ob. 0000000 DO0O0O0DODDODO0DO0ODODDODODODOO
O

O
O
O

ooooooooooooooboobobboboooobobooooooooooooao

O

PTSDOODOODACPDODOODOODOODOOSLMDOOOODOOACPDOO
uoooooboooboooboooboooboad

O

gooooboooboobooboobooboobov-10000O0OMODAO 40
igoboooboobooboobooboobooboobooboodnb
oooooooooooooobbbooboooobobooooooooooooao
oooooooooed42,000D0D0DOO0O0O0O0ODOO0OO0ODOOO

gooooobooobooboobooboobooboobooboobao
uoboooboooboooboobooboobooboobooboobad
oosi400000C0OO0000

ooooooooooooooboooboooobobooooooooooooao
gosisoo0oo0o0o0o0cOoXxoMooooooooooooooXxmbDOOOODAO 50

DoooDoooooooooooooob
Oooooooooooooogogoooao
Oooooooooooooogodg
Oooooooooooooogodg
Ooooocooooooooogod

Ooo0oooooQgooao



s e e = [ e ) [ R [ |

ocoooooogdY T g
o o O e e s R
o o O e s s R
o o O e s s R

e

OoOoo0oooaoo
O0Ooo0oooaoo

=

Ooooooooooooooooooooooooao

=~

I [ |

(o
>

000
000
0000
000
00O
cp0 000
oooo0o
Oooo0OoO
0000
0o000O
ooooO
0000
00000
ooooO
oooo0o
Oooo0OoO
ooooo
0o0o0O
0000

O
O

ood
oogad

ogodad
TRO O

oo
oo
oad
ooano

O O o
O O0ooo

ooano

O

O
O
O

O

O O0ooo

O

g
a
O
g

(60) JP 2007-259445 A 2007.10.4

oosile0D0O0OO0OO0OOCOCOOXmOOOOO<OoIDFTO O O 640m0O 0O O O IDFTO O
OCoODo0O0ooODO0O0O0oODO0OoOooOOoOoogo(pTS) bDo0oooao

S170000000bw,p00000DO00O0S700000C0DO0O0O0CDOODODDOO
gobooobooobosi1s0oDgooDobooobooobboOoxmO0d0O0OOe42m

ooooooooooooooosiooooooooan
ooad

ooooorbMOOOO0OODOODODDDODDOOOOOOOOOOoF
Oood

gooboooboobooboobooboobooboa
NODODOoooOIlIrFfOoonooobooooooooooaoadn
ooooooooilcoooooooooooooooao
oooooboobooobooboobobobobobDboa?2

OACPOODODOOOOOOOO

oooooooNOOOOOOogoorMOOOOOOoOOODLOOOOOOOOO

LcoocoooooooooooooobobbDbOOoOOobobobobooooooooooao
ooOoorDMOI O OACPODOOOOODODODODODOODOOODDLOOOOOOOO@OO)
gobooobooooooboooboocobooboobooboaoan

ooogad

goooooboooobooobooboobooboobooboobooboobod
Abooobooooboooooboooobooobooobobooobobobooboobooboao
oooooooooooooobbboooooocoobbobobbooOoobOobobOooooOoao
goooooooaoan

oooad

gooobooXxpoocoboooobouobuoobuooboboobuooboDoaoxXxg=0
{ilr"'riL}D U

ogodd

C,=0kefi,..i}

O

ked{i..i)

ooooogooxococooooobobDoDbDOOOOODODODOoOoooooooooao
oooooooooooooooobboooOoOoocoooxoboboDoOOoOOoOooOoN
gooooooobooNLobooboobooboobooboobooceconn
NOODOoooooooooboobooboLwtooboobooobooboooboaodao
oooooooooooooobobobooboooooboooooooooooooao
oooooooo0rrRTODOODOOODOODODO

gooooboooboooboobooboobooorFDMODODODOODOODOO
ooooooooooooooocooooooooooooooooooooceconn
LooocoooooooooooooooobbooOoDbOOao

oooad

uoboobooboobooboobooboobooboobOTRODOOOOO
ooooooooooooooobobobobobooooboooooooooooooooao

10

20

30

40

50



(61) JP 2007-259445 A 2007.10.4

gooaoodadd

O

Tonel Reservationd methodO ford PAPRO ReductionOd scheme” ,1EEEO 802.16e-03/6

Orl,0 Sung-EunO Parkd etd al.,d SamsugO O Elec.O

O

oo ooooooQgogooo
OO ooogooooogoaog

o — — —

oool T T oooooooo0oDO0Oo0DO0DOO0DO0DO0OO0DO0O0O0OO0OdOO

O
O

Ooooooooo0ooooooooooooogoogooo

O

Ooo0oao

L0oooO0{i,,...i ,}000000000000000000000000000
0000000000000 0000000000000000000000000
godoooooo0ooo0Loooo0ooooooo0ooooooooobooooooooOoano
0000000000000 000L000000000000000000000n0
00000

Ooooao
0000O000CA CA=[Cyy---Ci 17000 0=[q; 1. 19:.1(0 {i,,...i 300000
000000 QDOO0DDOO0ODO) IODOODOU OCce=QC=QrCAODOOODOOODOPAPRO
O0O0OTROOODOOODOOOOOOOOOFDMO OO OOO x+cOPAPROO OO OO OO
D0000000c 0000000000000 00000000000000000
aad:

000

n@dh+dL=n@nh+Qé (60)

0000

000000000000 c 0000000000000 0N0N0N0N0N00No0onoonaon
goooooooooOooorFMOODODDOODDOOODDOOUODOODODOODDOOODOOOOOGO
0000000000000 000000000000000000000000a0
0000000000000 00OMOODOODODODOOODONODDOOODODODDOO0O
godoooooooo0ooo0ooooooboooooooFrDMOOD DD D OODOOOOOO
0000000000000 0000000000000000000000000
goooooooooooooooooooobooboobooooooooooooooodao
000000000000

0000
gooooooooobooooooooooo0oboo0oooooooooooooooodao
0000000000000 000000000000000000000000a0
OO0ODOFMO OO ODDOOODDODDOOO0ODODODO0O0O0O0O0O00O0O0O0OOOFDM
goodoooooooboo0ooooooooo0obooo0oooooooooooooooodao
C0000DO0OXOOOOOOOODO

Ooo0oao

0000000000000 000000000000000000000000a0
0000000000000 0000L000000000000({i,,...i,}0000
godoooooo0oooo0ooo0oooooo0obooo0oooooopPO0OO0O0O0OoOOooOOnO
0000000000000 000000000000000CO0000D00O0aO
0000000000000 0000000000000000IFFT00O0OPOO
gooooooooobooooooooo0oooooopPOODCcOODDODO0OO0DOOOOOGO
D000 0OPODODODODOOODODDD

Oo0oao

B o=Lke{i,i,} and P, =0,k¢{i,..i}

OO0OO0OOOPOIFFTOO(O0OODOO)00OP=[PP,...P,,]10000000000000
000000000 O0O0POIFFTOO0O0O0OO0O0O0O000000000 {iy,...i_}
00000000000 0000D00000000000000000000000

O
O

10

20

30

40

50



e R ey [ s R s [y |

Ooooooo0oooooooo0ooDooooooooao
Ooooooo0ooooooo0ooDooooooooao
Oooooooooooooo0ooooooooooao
Oooooooooooooo0ooDooooooooao
Oooooooooooooo0ooDooooooooao

OooooooogoQgooao
OoooooooQgooao
OoooooooQgooao
OoooooooQgooao
OooooooooQgooao
OooooooooQgooao
OoooooooQgooao
Oooooooogoogooao
Ooooooooogooao
Ooooooooogoooao
Ooooooooogooao
Ooooooooogogooao
Oooooooogoogooao
OooooooooQgooao
Oooooooogoogooao
Ooooooooogooao
Ooo0ooooQgoo
OooooooQgdg

Oooooooooooooogogoooao

O 0Ooogooo
O 0Ooo0ooo
O 0Ooo0gooo
O 0Ooo0gooo
O 0Ooo0gooo
O 0Oooo

Ooooocooooooooogooooao

Oooooooooooooogooooao

Ooooocooooooooogooooao

OooOooo-

Ooooooooooooo~0Ooooao

oooQgo:
Ooooo
Oooog
OoooQg

OooOoo0oood
OooOoo0oood
OooOoo0oood
OooOoo0oood

O
O

O
O

O 0Oooo
O 0Oooo
O 0Oooo

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

O O0ooo

uoano

ood
ood

i 30

S OO

o

O o0Oooo

O O0ooo
O O0ooo
O O0ooo

O O
O O
O O

O 0Oooo
O 0Oooo

OoOoo0ooooao
OoOoo0ooooao
OoOoo0ooooao

Oo0oo0oood
OooOoo0oood
Ooo0oo0oood
Oo0oo0oood
Ooo0oo0oood
OooOoo0oood
OooOoo0oood

g
a

ooooooooboooboooboaoao

g
a

g
a

(62)

00000 {i.-

..ixooo

oooooboooboooboad
ooooooooooooao
goooooboooobooobao
uooboooboooboooboad
LooocoooooooooooooooobbooOoDbOOao

ooobooobooboobooboobooboobod
ubobouobdoLwtooboooboooboooboobooaodan

g
a

g
a

O

O

©
o

O0Ooo0oo0ooao

O

ooano

OooOoo0oood
OooOoo0oood
OooOoo0ooood
Ooo0oo0oood

g
a

g
a

g
a

JP 2007-259445 A 2007.10.4

ugoodaoan

goboboobooboooboao
ooooooooooooao
oooooboooboobao
goooNgooooooaoaano

0000000000 000p;..py.,0
0000000000 L00O0O0OO
O0O0O0O00000p,..py.,0000
000000000000 O0O0O0OL
NOODODDOOOOODODODODOOOOOO
000000000000 O0OO0O0OL
000000000000 00000

oooooboobooboobognob
uoobooobooboLwtoobooooaa
oooooooooooooobobbboboooobooooooao
Lboooooobooobooboobooboobooboobao

gooboooboooboooan

oooooooooooooboboooano

ooooooooocoooooaoen
oooooooooooobobooOoano
IFFTO O D ONOODOOO
uobooobooobooobooboaad

NODOOORDO

oooooooooooooao
oooooooooooooao

oobooobooofaded
oooxobooOoOOoOooao
IFFTO O D O0OO0OD0OO0OO0D0O0
ugoodaoano

oooooooooooao
oooooooooooao

gooboooboobooboobooboobooboa
ACPOODODOOCOOOOOOOOOOoOoOn

goooobooboobooboonnb
(P OODOODODODODODODODDODOODOO

O

O

OoooooogoQgdg

OoooooogoQgoao
Ooooooogoogoo
Ooo0ooooogoogoo
OoooooogoQgoo
Ooo0oooooQgoo
OooooooQgoao
OoooooogoQgoo
Ooo0ooooogoao
OooooooQgoao
Oooooooogoao
OooooooQgoao
Ooooooogoo
S oo oooooaag

e

=~ O0O0o0o0oQgoao
OoOooooood

10

20

30

40

50



[ R |
[ R |
[ |

Ooooo:

T T ogogobl T T T oooooooooo-

Ooooooo0ooooooo0ooDooooooooao

(63) JP 2007-259445 A 2007.10.4

ooooooooooooborP200 0000

ogogad
ocoooooO0O0ooOoO0oOoooOoOooooooooDooopPOobDOoOoOoDOODn(
.y yoooooogoooboboooobooobobooobooobooboooobobbooooboo
goooooboooooooboooboobooboobooboobooboobodg
oooooooooooooooobooboooooxoooooOoDoOOOooorP200 O
ooooooooooooobbobooobobooooooooooooao

oooad
ACPOODODDOOCOCCOCOOOODOUOOOOOoOP2ZODODUOUACPODODDODDOOOOODODODOOO
ooooooooooooobobbobooOoOocACPODODODDDDODDODOOOOOOOOOO
OooOoooOoOoooOoOskbooOooooDOoOoooDOoO0ooOOoDOooobOOoOooOooskOoOoao
oooooooooooboAcPOOOoonooooooboODOODOODanO

gooaod

ACP ='S'n, (61)
k=0

oookbooooooooooooooooooooooobobbnooooooao
Oood
oooad

_ ‘sk‘z—Ac,when ’sk’2>Ac (62)

0 Otherwise

My

0000000000 O0A0OODOOODOOOOO
(Ac)as=H qetAge 0 O O O (63)

0000000000000

b =E(lIsc1?).0 k=1...MO0 O O (64)

DO000a0
ACPO0DDODNDOONODODONODODDNOONDNOODONOOODOOODOOOOOODO200000

oobooobooboobooboobooboobooP20b0ODODODODODO
ooooooooooooooboboboooobocoooogoeoP2DbOOCbOObODO0OODOOO
oooooooooooooooobobbboboooobooboooooooooooooooao
ooooooboooooobooobooobooboooboobooboobooboooann
oooooooooooooopsooonooooooobobDbODbODbOOOXoooao
gooooop3s00bOoObOoobOooboobo0oobooboobooboobao
gooooboooboooboooboooboado

oooogoad
goboooboobooboobACPOODDOODDOODOODOODOODOODOO
uboboooboobooobouoboouoboobooboobooboobooboodnn
ooooooooooooao

gooaao

ooooooooooooooboboboDbODbOoPIDACPD O DD DD OOOOOOODOO
goooobooboooboobooboobooboorPIDDOODOACPODDOODO
oooooPlDOOCOCOOOOOOOODOODOOOOODDDDDODDODOOOOOOOOO
oooooooooooooooboboboboboooocOocOoO0oOoOooOooglIrFTO0OoooOoan
gooooooboooooobooano

gooadd
ooooooooooooooobobobobooooocooooboDbODODOCOOOIlIrFTOO

10

20

30

40

50



(64) JP 2007-259445 A 2007.10.4

ugboboooboobooboobooboobooboobooboad
oooogad

oD ok

—a,pl((n-n))y] (65)

n, =Argmax’xn+cn (k)’ (66)

000e,000000000CO000CO000O000D0D0OO0D0DO0O0DOO0OO0O0O0OO
0000p[((n-n)),]0 00000000000 O0NO00000000000000O0
000000000000

00000
00000O00On=000000000000000000000000000000O0O0n
nkDOFDMD 0000 DDC0OODDOCOODOCOODOCOONnO0O0O0O0D0DO0ODDOODOOOOO
oDoooDoooDooooood{i,,...i }00000ACPOODODOODODOOOOOODOO
0000000000000 O000O000O000O000O00000000000
00

00

0000000000000 O000O000O000O000O00000000000
O

0O

OO oooooYygogoooog

O0Ooo0oooao
O0Ooo0oooo
O0Ooo0oooao

[ . . )
[ X=X - Za;pn

[ |x, >4 (31)
L

ooooooooooao
oooooooooooao
Udx,0ooooooooooobobbobooocbooboooooao

I [y |
I s I B |
O
O

I [ |
I [y |
O O

O

=x' — A-exp(j - angle(x.))

—
R
X

uobooboobooaooboaad

gooooobooooaooan
oooooooooooano
gooooboooboooan

O
O
O
O
O

gooobooooooboobooboaod
oooooooooooooao
ogooao

O
O
(]
O
O
O
O
O

O
O
O
O
O

oooooooooooooobobobobobOoOooboooOoooooao
gooooboobooobooboobooboobooboobao
uo ubobobouoboouobooboobooboobooboobooboodd
FFTOOOOOOOOoOooooooooobobbODODOOoOOOO0OO0OO0O00O0agerFrTO
102400 000000000 +xn/60xm/20x5n/6000000000000000s
=60 000O000DO0O0O0O0ODOO0O0O0.01,0.04,0.08,0.12,0.1600000000000 (O

Ot=5)J0jogooooooooooboobobooofocbobob0oo0oogooOooooooooao
gobooopOobO0o0bOo0coboOoooOoobooobocobocobocoboobooboad
OCoOO0O0O0O0O00O00O0OO0O0OO0ODO0OO0OD0DDODDO0OOO0D0ODO0OaO0 (5% 6=30)0O
gooaoao
u u
O O

Oooooooodg
Oooooooodg
OooooooogoQgaQg
OoooooooQgooQgQd
Ooooooooodg

OooooooogogQgogooQo

O
O
O
O

O 0Ooo
O 0Oooo

ood
ogodad

uoboooboobooboobooboobooboobooboobad
OoODo0Oooo0OD0O0oO0oO0|Ix;|0ADO0O0ODCDODOO0OODODODDODODODOODODOO

OoOoo0oooaoo

10

20

30

40

50



Ooooooooooooodg

e e e . e e e e e e s e e e [ A [ I [
I ) e [ |

[y e e e e e s e A Iy

O

pd
O

s [ e S O Y Y Y |

(65) JP 2007-259445 A 2007.10.4

ocoo0Od|Ix,;|CAO0DDO0DO0O0OCOCOOOOCDOODOODODOODDODOODODODOOO
ooooooooooooooobobbbobooooooooooao

O
O

O
O
O
O
O
O

goooao
gooaao

g g gooogaod
g a
ooooogoad
g a
0 u

O00oao
(normal)O
Oo00ogao

ooooobooobao
gooboboobooboad
oooooooooao
gooboooboobao

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

gooaoao

O
g
a
O
a
S200 O s240 O

O Ooo0ooo
O Ooo0ooOoo

2
O
s200 0000000000 ODODDODONOO0O0O0O0ODODODDDDDOOLOOOGO
oooooooooooooboLtoooooooooooooboboboDoODon0an
goooobooNOobOobobooboobgoobgooboobooboonb
oooLtbbobooooocoooooooooooooooooDboDbDDbDoFDMO
oooooooooooooboDooao

OooooooooQgoao

210 0 0Do0o0OoOoOopPO00O0DO0D0DO0DLOOOO0O0O0O0OOOODODDODODOGODA O
oooooooooooooobobooboooopPO0LO0OO0O0OoOoOooooOooOonn
oooooooooooooN-Lgoooooooooobobbbooboonnnn
oosz2z200000C0CCO0O000O0OO0O0O0O0OO0OOOOOOOOIFFTODDOOO
gobooobooboobs2a4a00booboos24a0D0ooooooobDao
g

goboooboooboooboaoan

goboooboobs2z20b0b0o0o0b0s2a00000S8230 00000000
s23iboooooooooobooboobOoOoococbooooooooooooan
ooooooooooooobobbobooooboooooooooooao
oooooooooooooobbDbooOoOoOobOooovyoobDOOODS24
oooooooooooooao

O 0Ooooo

oobooobooobooobooooad
oooooooooooooooano
oobooobooobooboobao
Oooooggos2s00s39000an0n

uooboobooobooboobad
oooooooooooao
oobooboobooboobao

Ooooooooooooooogoovwd

O 0Oooo

O 0Oooo
O
O
(]
O

O
s250000000000X000000
oooxoocoooooooDoDaOoIFFTO
MOOOOOGOoGOo(s27)y booogcecooan
goooobooobooobooooboaoadao

O
O
O
O
O

cooooooooooDos
oooooooooooano
goos2100000¢PODO

O
O
O
O
O

F

O
O
O
O
O

O

Ss280 00 00O0OOsS2r0boOOoOoOOOODOODODOODODOODODOODOODOO
OOoooACPOOOCOOO0OOUOUOOOACPOCOODODDDODODODODODOoOoOoOO
OACPODODODOOOCOSGIOOUG4AD 0D OO OOOOOOODDODDODOACPOOODOOO
Ooo0oooooooooooooobDbDDbDACPODOOOOODODDDDDODODRDO

Ooooooo9o0o oo oo oo oo oooooogoaog

oo
oosz2zr0oooocooooooooooooooobboDbODbOObOCOCbObOOoooo

gs3spooOooOOooOooOos3oooooOoooOos2zrboooooOOOODOOOOOOOOOag

ooano
uoano
ogdd

goboDooboooboooboooszrbooboooACPODODODOODOS2700000O0
oooooooooooboobobboboooboob0oooooooos2o0oooOod
oooooooooao

10

20

30

40

50



S A e [ s [ e [ e [ R [ |
I s e e e
OoOooooooo0oooooo oD ooDoDooooooDoooogogoQgogoaoQg

(66)

ood
gossoooooo0ooOOooOoO0oooooooooooooos3sloooooooooan
ooooooooos2zrbooogoooooooooobobboDbDOobobobobooooo
s32z0 0 00O0O0OOODODODOOCOCOOOO0OOOUOoOoOoOoooooOobobobDbODODbODOO
oooooooooooooao
ooogs320booboooooo
oooooooooooooao
oooooooooooooao

Ooo0ooooooooDooDooooo0ooDoooogooao

O

Oooooooogoogoooo

O0Ooo0ooao
O0Ooo0ooao
O0Ooo0o0ooao
O0Ooo0oo0ooao
O0Ooo0o0ooao
O0Ooo0oo0ooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0o0ooao
O0Ooo0o0ooao
I o A

g
g
O
g
g
O

OOoo0ooooao
OoOoo0ooooao
OOoo0ooooao
OOoo0oo0oooao
OOoo0ooooao
OOoo0oo0oooao
OoOoo0oo0oooao
OoOoo0oo0oooao
OoOoo0oo0oooao

O

SO ooOOoooboobOooboooobDao
ooooooooooooboboobooaos2yon
ooss400000O0OCOO0OO0OO0OOOo

a

S350 0000000000 0iIy,..000000

S350 0000000000O0O0O0S310 08340 0

JP 2007-259445 A 2007.10.4

Ss230 00000000000

oooooooos24a000d

Oooooooodg
Oooooooodg
Oooooooo-g
Oooooooodg
Oooooooodg

oad
OO0

oad

oooooboobao
ooooobooooad

uobodoaood
ooooogod
ooooooad

O 0Oooo

gos3soo0O0Oan
S3e0 OO0 oan
oooooood
oos3gsoooO0Oan
O

oooooooooaoss
ooboooboooDbDaogss

goooaoan

PODOODOODODOIL

ooooooooooao

ooodogooorbmo O

OACPOODODOOOOOOADDDDODDODOOOOOODUOOOOOOoOooOoOO
ooADDDDODOOCOCOOOOOOOOOOOOODOODDODDDDDDDOOO
O

00000000000 |X . ,10A000O0D0DO00Nn,0000ACPOODO

Oi=i,,.00000D0O00000D00000 S380
0000000000 0000000S34000 0
O0O0D00i# i,,,00000000000000O
O00D0O00O00ACPDOOOODOODOOOOOO
O00D0O00000APOOOOOOOOOOOO
000000000000 000D0O000O0 S390
0o
0s360 0000000000000 0000ACPODDOODOODOODOOODOOO
000D000000S370000000000000000D000000000 i =i
1 000000000 0000000S31000000000000000000
00000000000 000D0S3200834000000000
0o 0o
00000s35008360000000000000000
1008340 000000000000000000000
1008340 00000000000000000000
Ooooo0oao
00000000000 0000D000000O00000
0000000000 0000000000000
00000000000 0000O000000O00000
OIFFT0 0000000000000 0000O000
0000000000 00000O00000000000
000000000000 000O0O0000O0
oooooao
00000000000000000000000000
ooooooao
ooooooao
oooo0ooao
000000000 O00000
Dooooo0o0x®=x0000000
ooooooao
0ooo
O0O0O0O0O00ACPDOOOODOODOONOODOODOONOX'000000000000000

10

20

30

40

50



s [ e e e s e e s e e e e e [ [ Y [ R
[y e e s ey R e A Iy
I e 2 A Y Y

O

—

e e e 72 e e e e e e e e O [ [ A [ Y I [

OoooooooooQgogooQm
;DDDDDDD

O
o

e e e [ e e e O s Y |

O

O

530

O
O

O

O

O
O

O

OooooooooooooogogoQgog

O oOoo0ooo
O 0Ooo0ooao
O o0Ooo0ooo
O o0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooao

oo o oooooogodg

oo ooooooQgodg

O

O

O 0Ooo0oooao
O 0Ooo0oooao

O
O
O
O
O
O
O
O

O
O
O
O
O
O
O

O
O
O
O
O
O

O0Ooo0oooao
O0Ooo0oooao
Oo0Ooo0oooao
O0Ooo0oooao
O0Ooo0oo0ooao
O0Ooo0ooao
O0Ooo0oo0ooao
O0Ooo0oooao

O
O

(67) JP 2007-259445 A 2007.10.4

0000000000000 ODO0DO0ODO0ODODOOoOOOoOQoaO
Do0DOx'000000

00000000000 D0D0ODO0DO0ODOO0OO0ODOO0DOODODODaOX
O000D0D000O0O00D0O00O0OO0OO00D0O0O00OACPDOODODOOODOO
DO00O0OC0O0OC0OFDMIOODODOODODODODDODODOOOOCOOOO
DOOO0OACPODODOOOOCOOFDMOIOODOODOODODODOOODOOOOO
O000D0DO000OO0O00D0O0O0OC0OO0OO0O0D0OACPDOODOOODOOOODO
D00O0C0O00O0000D00610064000000ACPOODOOCOODOO
DOOO0OFDMI O OCOODOODODODODODODOODODOOOFMOODOO
DOOFDMDO 00O D OODODOCOOOODDOACPOODOOCOOOODO
OTROOOCOFDMO O OO OODOODOOOFDMDIODOODOOOOCOOCOOOO
0000000000000 D0DO0ODO0O0DO00OD00OO0DO0O0NOOO

ooooooooooooooboboooboooooboooooooooooao
goooooboooboobooboobooboobooboobooboo
(spHpOOO0OoCOO0O0OoOO0O0OO0ODDODODO0OOODODOODODODDODDODODODO

O

O

OOoo0ooooao
OOoo0ooooao
OO0O0Oo0oo0oooao
OO0Ooo0oo0oooao
OOoo0oo0oooao
OOoo0oo0oooao
OOoo0ooooao
OO0Ooo0oo0oooao
OO0O0oo0oo0oooao
OO0O0Oo0oo0oooao
OOoo0oo0oooao
OO0Oo0oo0oooao
OO0Oo0oo0oooao
OO0O0oo0oo0oooao
OOoo0oo0oooao
OO0O0oo0oo0oooao
O0Ooo0oo0oooao
O0Ooo0oo0oooao
OOoOo0oo0oooao
OOoo0oo0oooao

O

O

O

O

O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao

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

SLMO O PTSOD O OOOO
oobooobooobooboobooboobooobodd

uooboooboobooboobooboobdoa°rPAPROODOO
SiMbDbOooooOoOoODOODOoOOoOOooooooooooooooao
OOBERODOODODOODOvuDOODODOODOODODOODOODOOO
ubobouobouoboobooboobooboobodnbPA
ooooosmbooooooooooouoooooooooao

O

O

ooooogoao
Uoo0oooooooooPAPRODODDODODOOCOCOOOACPODODODDOGDCODOGCODOOFD
MOOOOOOOOOOOODOODDODODDODOOOOOOOOOGOBERODOOOOOOOOOO

ooooooooao
oooood
ooooooooooooobboboooooooooooooooooobobDbODbODOao

ooboooooobooouvobooooaoaoan

OO0O0OPAPRODOODDOODOODOOODOOODOEPTSOODO
uooboooboobooobooboobdodsBerOOOAO
OolFrFTO D0 0O0O0O0OO0ODODODDODDODOOOOOOOOOO
oooooboobooboobo0oobo0oob0oODIFFT
OoooooooooprSO0O0O0O0O0OO0OO0OO0OOOROPAPR
pTSOU 00 0O0O0O0O0O0O0O0O0O0O0DODODDODDODODOODAO

ooooooprPAPROOODODODODODDODOOOCOCOOOOTRO
oooooooooooooobbbooobobobooooo

10

20

30

40

50



0
O
a
O
g
a
O
a
u
O
a
O
g
a
O
a
u
O
a
O
g
a
O
a
u
O
a
O
O
0
O
O
H
O
0
O
O
0
O
O
H
O
0
O
O
0
O
O
H
O

(68) JP 2007-259445 A 2007.10.4

FoMOOOOOooooooooooooobbobobooobocbooboooooooooooao
oooooooooooooooobobboboooan

oooan
OCOO0O0OO0O0ODO0OO0OO0OWIMAXOOLTEQOUTRANOCDOOOODODOOODODDODOODODOOOO

O

O
O
O
O
O

OoOoooooo0o0oooooo0o oo oDooooD oo oDoDooooooDoDoDooooooooogdg
OoOoooooo0ooooooo oo oDoooo o0 oo oDoooo0DooDoDooooooooao

O

ogonoad
oooooooooooooooboboboboooooooooooooooooooao
pspO 00 DOO0ODOOODODOODODOODOODODOODODOODOODOODOODOOOD

O

OoOooooooo0oooooo0o oo oDoooo oo oDoooooooDoDoDooooooooogdg
Oooooooo0oDoooooo0o oo oDoooo oo oDoooooooDoDoDooooooooogdg
Ooooooooooooooo0o oo oDooooD oo oDoooooooDoDoDooooooooogdg

ugboboooboobooobooboooboboboobobboobobooobobobod
oooooooooooooobbbooboooobobooooooooooooao
ooobooobooboboobobooboobogdd

gooooboobooboboooboobboobao

go(@rM00oooooooboDbDDoOO
ugboboooboobooobooboooboboboobobboobobooobobobod
ooooooad
oooboooboooboooboobooobobobooboboobbooboboobobodd
oooooooooooooobobooboooooboooooooooooooao
gooooboooboooboobooboboboboobobobboboboobod
oboooobooobooobooobobooobobooobobooobobooboboooboboobnbodd
Uooooooooooooonod
ooboDooboobooobooboobobobo0boodd

uo

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

10

20

30

40

50



e R ey [ s R s [y |

e e ey e ey sy [ |

Oooooooooooooogooooao
Ooooooo0oooooooooooao
Ooooocoooooooooooooao
Ooooocoooooooooooooao

OooooooooooooogQgogoaoQg
OoooooooooooooQgogoaoQg
OooooooooooooogoQgogoaoQg
OooooooooooooogogQgogooQg

O
O
O
O
O
O
O
O

OooooooooQgooao
OooooooooQgooao
OooooooooQgooao
OooooooooQgooao

OoOoo0ooooaoo
O 0Ooo0oooao
O 0Ooo0oo0ooao
O0Ooo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
Oo0Ooo0oo0ooao
O 0Ooo0oo0ooOoao
O0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
Oo0Ooo0oo0ooao
Oo0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O 0Ooo0ooOoo0oao
O 0Ooo0oo0oo0oao
O 0Ooo0ooOoo0oao
O 0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O 0Ooo0oo0oo0oao
O 0Oo0oo0oo0oao

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

O 0Oooo

O

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

O 0Ooo0oo0ooao
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooOoo
O Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo

OoOoo0ooooaoo
O 0Ooo0oooao
O 0Ooo0oo0ooao
O0Ooo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
Oo0Ooo0oo0ooao

O O

O Oooo

O 0Oooo

O Oooo

O 0Oooo

O O0ooo

O 0Oooo

O 0Oooo

I [y |
I [y |
I [ |
I [ Iy |
I [y |
I [y |
I [ |
I [ |
I [y |
I [y |
I [y |
I [ |
I [ [y |
I [y |
I [y |
I [y |
I [y |
Iy |
I [y |
I [y |
I [
I [y |
I [ |
I [y |
I [y |
I [y |
O 0Oo0oogoo

O 0Oooo

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

O 0o oo
I [ [y
O 0o oo
O 0o oo
O 0o oo
O 0o oo
O 0o oo
O 0o oOoo
O 0o oo
O 0o oOoo
O 0o oOoo
O 0o oo
O 0o ogoo
O 0o oOoo
O 0o oo
O 0o oOo o
O 0o oo
O 0o ogoo
O 0o oo
O 0o oo
O 0o oo
O 0o oo
O 0o oo
O 0o oOo o
O 0o oOo o
O 0o oOoo

O 0Oooo

O 0Oooo

O 0Oooo

O 0Oooo

(69)

O 0Oooo

O 0Oooo

O 0Oooo

O 0Oooo

O 0ooo

O 0Oooo

O O0ooo

O 0Oooo

JP 2007-259445 A 2007.

O
O
O
O
O
O
O
O
O
O
O

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

O

O

O

O

O

10

20

30

40

50



e R ey [ s R s [y |

e e ey e ey sy [ |

OoooooooooDoooogogooooao
Oooooooo0ooDoooogogooooao
OoooooooooDoooooooooao
OoooooooooDoooogogooooao

O 0Ooo0ooo

Ooooooooooooood
Oooooooooooooodg
Ooooooooooooood
Ooooooooooooood

O oOooo

OO0 ooooooQgoooo
OO0 oooooooQgooooo

Ooooooog

O 0Oooo
O O0ooo

Oooooooo

O Ooo0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0ooo

O OO

O

O

O

O O

O O 0Ooo0gooo
O O0ooo

O O

O

O

O
O
O

ood
(TR)DO

O O0ooo
O O0ooo
O O0ooo

O
O
O

O
O
O
O
O

O O0ooo

O
O
O
O
O

O O0ooo

O O0ooo

O O0ooo

O O0ooo

(70)

O 0ooo
O
O
O
O

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

(SLMDODODDOO0D0OO0O0D0O0O00O0O0(PTS)O
000000000000

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

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

O

(]

O

(]

O

O

O

O

(]

O

O

O

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

JP 2007-259445 A 2007.

O
O
O

O
O
O

O
O
O

O
O
O

10

20

30

40

50



e R ey [ s R s [y |

e e ey e ey sy [ |

e e ey e s [y |

e [ sy |

e [ ey e [ s [y [ |

e [ ey e e sy |

O Ooo0ooo
O 0Oooo

O OO

O oOooo

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

O 0Ooo0ooo
O Oooo

O OO

O 0Oooo

O

O

O
O
O

O
O
O

O
O

O 0Oooo

O Oooo

O
O
O
O

O
O
O
O

O
O
O

O 0Oooo
O O0ooo
O 0Oooo
O 0Oooo

O
O
O
O

(OFDM) O
Dooo

O
O

O
O

O
O 0Oooo O

O 0Oooo

O
O

TRO

O

O

O

O 0Oooo

O

(71)

O
O
O
(]

O
O
O
O

O
O
O
O

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

O
O
O
O

0 (TR)O

oooad
ooogad

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

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

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

O 0Oooo

O 0Oooo

O 0ooo

O 0Oooo

O O0ooo

O 0Oooo

JP 2007-259445 A 2007.10.

O O0ooo

O 0Oooo

O
O
O
O
O
O
O
O

O
O
O

O
O
O

O
O
O

10

20

30

40

50



e R ey [ s R s [y |

e e ey e ey sy [ |

e e ey e s [y |

OoOoooooo0ooooooo0 oo oooooDooDoDooooooooogdg

Oooooooooooooodg
Ooooooooooooood

OoooooooQgdg
O 0Ooooo
O o0Oooo
O o0Oooo
O 0Oooo

OoOooooooooooooo0 oo oDooooDooDoDooooooooodg

O 0Ooo0oooao
O 0Ooo0oo0ooao
O 0Ooo0oooao
O 0Ooo0oo0ooao
O0Ooo0oooao
O 0Ooo0oo0ooao
O Ooo0ooo
O 0Ooo0ooOoo
O Ooo0ooo
O Ooo0ooOoo
O Ooo0ooo
O Ooo0ooOono
O 0Ooo0ooOoo
O 0Ooo0ooOoo
O 0Ooo0ooOono
O Ooo0ooo
O Ooo0ooOoo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooOono
O Ooo0ooOono
O Ooo0ooOono
O Ooo0ooo
O Ooo0ooOono
O Ooo0ooOoo
O Ooo0ooOono
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooo0oono
O Ooo0oono
O Ooo0oono
O 0Ooo0ooo
O Ooo0ooo

OoOoooooo0oooooooo0 oo oDooooDooDoDooooooooogdg

O
O
O
O

O
O
O
O

I [ |
I [y |

O 0Oooo

O 0Oooo

O O o

OooooooooogogooQg
oo ooooooogodg
oo ooooooogodg
oo ooooooogodg

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

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

(OFDM) O
0o0oO
0ooo

O

O

O

O

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

(OFDM) O
0o000O
000
00O

O

O
O
O
O
O
O

ooad
oono
ooano

O

O

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

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

O o0Ooo
O 0Oooo
O o0Oooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Ooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo

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

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

O

(72)

JP 2007-259445 A 2007.

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

O
O
O
O
O
O
O
O
O
O
O

10.

10

20

30

40

50



e R ey [ s R s [y |

e e e e
e s [ e e = [ e e e [ [ A

OooooooogooQoogooQo
OooooooogoQgoo
OoooooogogoQoogoo

Ooooooooo0oooooo0 oD oDoDooo oo oooDoDoDooo0oooDoDooogoooao
Oooooooo0o0oooooo oo oDooo oo oDoDoDooo0ooDoDoooQgooooao
Oooooooo0o0oooooo oo oDooo oD oo oDoDooo0ooDoDooogogoooao

OoooooooQgogooQg
OoDoooooed

O
O

O O

I [ |
O 0Oooo
O 0o oo
O O0ooo
O Oooo
O 0o oo
O 0o oo
I [ [y
O 0o oo
I [ [y
O 0o oo
O 0o oo
O 0o oo
O 0o oo
O 0o oo
O 0o oOoo
O 0o oo
O 0o oOoo
O 0o oOoo
O 0o oo
O 0o ogoo
O 0o oOoo
O 0o oo
O 0o oOo o
O 0o oo
O 0o ogoo
O 0o oo
O 0o oo
O 0o oo
O 0o oo
O 0o oo
O 0o oOo o

O oOooo O 0Oooo

O 0Oooo

O 0Oooo O

O O

O

O

O

O

n

Ooooooogoo@ed

goodadd
ogodad
gooaao

O
O

00000
(TR)D O O

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

=

OoooooooQgoao
OooooooQgoao
OooooooQgoao
OooooooQgoao
OooooooQgoao
OooooooQgoao
Oooo0oooQgoao
Oooo0oooQgoao
OooooooQgoao
OooooooQgoao
OooooooQgoao
OooooooQgoao

0 O orFbmO
ooano
gooaao

O
O

ooooad
oooogad

O
O
O

O

O
O
O

O
O
O

O
O
O

(73) JP 2007-259445 A 2007.

uobobouobooboobooboobad
ooooooooooooobobboobooano
ooobooooooooooaod

ooad
ooad

(SLMO0 O ODD0DO0O0DD0O0O0D0O0O0D0O0O(PTS)OO

oooooooooooooao

goooobooboooboordMO DO DO
gooaoan

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

oooooooooooooordmMbO OO O
oooooo

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

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

ooooooooao
0Oo0ogggaoorbmOo

Oooo0oooQgoao
O
O
O
O
O
O
O
O
O
O O
O O
O O
O O

O
O
O
O

ooooooooooooobobooooan
O0O0O0O0OOoFDMO

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

uobobouobooboobooboobad

ooano
OFDMO

oo
oodad

ooad
oodd

uoano

O
O

[ |

O

10

20

30

40

50



e R ey [ s R s [y |

e e ey e ey sy [ |

e e ey e s [y |

e [ sy |

e [ ey e [ s [y [ |

e [ ey e e sy |

O

O O

O 0Oooo

O 0Ooo0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo

O O 0Oooo O Ooo0ooo O 0Ooo0gooo
O O0ooo
O
O

O

O
O
O

O
O

ooano
ooad
OFDMO
ooano

O
O
O

O
O
O

O
O
O

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

(74) JP 2007-259445 A 2007.

ooooooogordMOOODODODODDDDODODAO

gorDMO O O OO O0O0O0O0OOODODDODODOODAO
OFDMDO O
ooooooooooooobboooao

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

oooooooooooooboboboooano
OFDMO
uobouobdooboobooboobad

O

O

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

O

O

O 0Oooo
(]
O
O
(]
O
O
]
O
O
O
O
O
O
O

oooooooooooooooboordMO OO O
oooooooooooooobobboDbOoao

go(¢wmyocogoooogooooooooooaon

oooooooooooooboboDbDODOOoFdMO
oooooooooooooobobboDbOoao

O

O

O

O
O
O

oono
OFDMO
ooad

O
O
O

O
O

O

O

O
O

10

20

30

40

50



e R ey [ s R s [y |

e [ e e O i Y Y i [ |

Oooooooodg
Oooooooodg

O
O
O

s e s e e e = e [ e e e Y [

oo oooooogogogoo

O 0Oooo

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

O
O
O

O
O
O

Oo0ooDooooo0ooDooooo0oooooogodg
OoOo0ooooooo0 oo ooooooooooogodg
Oo0ooooooo0ooDooooo0oooooogodg

OooooooooQgodg
OoOooOoogooe

O OO

O

OooooooogQgg
Oooooooodg
Oooooooodg
Oooooooodg

O O

OFDMO
ood

O

n

oo ooooo e

O
O

=

Oooooooodg
Oooooooodg
Oooooooodg
Oooooooog
Oooooooodg
Oooooooogdg
Oooooooogdg
Oooooooodg
Oooooooodg
Oooooooodg
Ooooooooodg
Oooooooodg
Ooooooooodg

OFDMO

O

uoano

O

oad

O

oad
oo
g o
ooad
OFDMO
uoano
OFDMO
ooano

I Ry |

Oooooooodg
Oooooooodg
Oooooooodg
Oooooooodg
Oooooooodg
Ooooooood
Oooooooodg
OO ooOoogooe o

(75)

JP 2007-259445 A 2007.10.4

uobouoboobooboobooboaodnb

0 (TR)O

oooooooooooooobbboDbDOoao
ooooooooooooooboboboooao

g(wrs) boooooobobobooooooo

T

OoooOoooS9 o

=

OooOoo0oood
OoOoo0ooood
OooOoo0oood
OooOoo0ooood
OooOoo0ooood
OooOoo0ooood

I [y |
I [ |

O

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

O
O
O
(]
O

goooobooorDMODDOODOODOO
prfsSU00ooooooooooDboorFrDMEO O OOOOOOOooonOan
SiMbDbOoooooooOoOoOoOOoOOooorFrMOEOOOOOOOOOOGOOO

TRO

O

O
O
O
O

O

O
O
O
O

O 0Ooo0oooo
O 0Ooo0goooo
O 0Ooo0oooo
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0goooo
O 0Ooo0goooo
O 0Ooo0oooo
O 0Ooo0goooo

ooano
OFDMO
OFDMO
ooano
OFDMO
oono

ooad

OFDMO

O

O
O
O
O

O

O
O
O
O

O

O
O
O
O

oooooooooooao
orDMO D OO DO ODODOOO
uoobooobooboogan
oooorbMO O OO OODO
ooooobooboooan
uobooboobooadgan
oFDMO O OO OOOOGOGO
gooooooaoadd
gobobooboobooadgan
oooooooooooao
goooaoan
oooooooooooao

ooooooooao
orDMO D OO D ODODOODO

oooooboooobooobao

u
O
a
O
g

ooooad
oooogad

ooooad
ooooao

ooooag

goodad

ooogad
ooogad

oooad
goobooboobogno

oooooooooooao

uobooboobooadgan

10

20

30

40

50



e R ey [ s R s [y |

e e ey e ey sy [ |

OooooooogoQgooao
Oooooooogooao
Ooo0oooogoQgoao

O 0Oooo

O
O
O
O
O
O
O
O

Ooooooooooooooooooog
Ooooooooooooooogoooog
Ooooooooooooooogoooog
Ooooooooooooooogoooog
Ooooooooooooooooooog

O
O
O
O
O
O

OooooooogooQgg
OooooooogoQgdg
OooooooogoQgg
OooooooogoQgdg
OooooooogQgg
OooooooogoQgg
OooooooogoQgdg
OooooooogoQgodg
OooooooogooQgodg
OooooooogooQgodg
OooooooogooQgodg

O
O
O
O
O
O
O
O
O
O
O

O
O

OoooooooQgoogooQg
OooooooooQgogooQg
OooooooooQgoogooQg
OoooooooogoogooQg

O
O
O
O
O
O

(76)
0ooooo

ooooao
ooooad

OFDMO O O
ooooag
goooaod

OFDMO O O
ooooag

OFDMO O O
ooooao

OFDMO O O
goodaad

OFDMO O O
ooooao

uobooboobooboaoab

JP 2007-259445 A 2007.

OoFDMO O O OO

ood

ooano

0 OFDMO

ooano

OFDMO
OFDMO
uoano

OFDMO
ooad

OFDMO O O

gooaao

O
O
O
O

goooad

oooogoad
gooaoao
OFDMO O O

ooooaod
ooooag

ooogad
OFDMO O O

goooao
OFDMO O O

0 O OoFDMO

ooogad
ooooo

gooogaod

ooooao

goodad

O

10

20

30

40

50



e R ey [ s R s [y |

e e ey e ey sy [ |
[ e vy e e e R s [ B
e vy e s e R [ A B

Ooooooooooooooogooao
OO0 o oo oooooooooooQgdg
OO0 ooooooooooooogooQgodg

a

OFDMO
ooano
IFFTO
ogodd
ooano
ood
oono
REO O
OFDMO
ooano
uoano
ogodd
ooano
IDFTO
oono
ooano
oogad
OFDMO
uoano
ogodd
ooano
ood
OFDMO
ooano
oogad
ooano

NOOGOooIlIrrTO oo

OoooooooooooooQgdg
OoooooooooooooQgodg
Ooooooooooooogod
Ooooooooooooogodg
Ooooooooooooogodg
Ooooooooooooogodg
Ooooooooooooogodg
Ooooooooooooogodg
Ooooooooooooogodg
Ooooooooooooogod
Ooooooooooooogodg
Ooooooooooooogod
Ooooooooooooogod
Ooooooooooooogodg
Ooooooooooooogod
Ooooooooooooogod
Ooooooooooooogod
Ooooooooooooogod
Oooooooooooood
Ooooooooooooogod

O 0Ooo0ooOoao
O 0Ooo0ooOoo

Oo0oooooogoooao

O 0Ooo0oooao
O 0Ooo0ooo
O Oooo

O 0Ooo0ooo

O O0ooo

O 0Ooo0oo0oooao

O O0ooo
O Oooo
O 0o oo

O O0ooo

O

O
O

O
O

oad

O

oad

ooooooooooao

7

O

JP 2007-259445 A 2007.10.4

orDMO O O OOOOOOoooano

0O O OFDMO

O o0Oooo

oooad

gooo

10

20

30

40

50



e R ey [ s R s [y |

e e ey e ey sy [ |

e e ey e s [y |

e [ sy |

e [ ey e [ s [y [ |

uoano
oad

ooano
OFDMO
oono
ooano
OFDMO
ooano
uoano
IFFTO
ooano
PAPRO
oono
OFDMO
oodad
ooano
uoano
OFDMO
ooano
oogd
oono

O

I [y |

O

O
O

FETO O O

oodad
ooano
uoano
oodd
OFDMO
oogd
oono

SLM-CDA-OFDMO
SLMO CDAO O O

ooano

SLM-CDA-OFDMO

O0Ooo0oooao

O

O0Ooo0oooao

O

SLMO O 0O

ooooooad
ooooood
SLM-CDA-OFDMO

OFDMO O O
NO OO0 0DFTO

O

O
O

Iy |
O 0Ooooo

O

O o0Oooo

gooaoao
goodadd

O

oooooad
goooooao

uo

SLM-CDA-OFDMO O O

oodad

(78)

oooooao

ogooooan

oooad

ogobOooDo0aogsSLM-CDA-OFDMO O O
ooooggswmMo oo
oooooooad

JP 2007-259445 A 2007.10.4

10

20

30

40

50



e R ey [ s R s [y |

e e ey e ey sy [ |

e e ey e s [y |

e [ sy |

e [ ey e [ s [y [ |

uoano

OFDMO O O
gooaao
oogd

PTSO O O
gooaao
ooooad
OFDMO O O
goodadd
CbAO O O
ooano

ooooad
COAD O O
gooaao
ooooad
gooaoao
CbAO O O
oad

O
O

oo o oo ooo o oo oooogogooo

OOo0ooooooooooooooooooao
O
O

OO ooooooooooodooooodg

O

OFDMO
ooano
uoano
oodd
ooano
IDFTO
oono
ooano
oodad
OFDMO
uoano
oodd

O 0Ooo0ooo
O 0Ooo0ooo

O
O

O o0Ooooo
O

(79)

ooano

ood
oooooooooao

ood

oooooboooboad
oad
PTSO O O

oooooooooao
ood

ogooaod
O orFrDMO O O O O

oooad
oooaod

goooao
uoooaood

gooad
oad

JP 2007-259445 A 2007.10.4

10

20

30

40

50



(80) JP 2007-259445 A 2007.10.4

oooooooooodd
OO00O0O0ONOODOOOIFFTO O O
odoooorep/son0nO
Oo0o0oo0oooaoaono
Oo0ooooooOoonoao
godoooooooooodd
Oo0o0oo0oooooooa
Ooo0ooooooOoonoaon
goooooooobooooouooooao
O0000ACPO OO
Oo0oo0oad O00o0oad
BRICIBEELOOFDMEEEE T X PTSH:A EAT T 2R BB BR DO OFDMEEHRO — &7 K
\ !
| i I |
~x R
2z o2 . ] l
;:‘%:‘\w == & @ ?\3
- & <
= 3
ellg ... lg S
E;}g Q ,‘D;/’\ - N — = ©
N2 Q B %
= us\g& . | o3
2@
=4
& e ><é DVD/— Qfm
- =
e ]
&
+. T ;g & ™y ™
RR
©_A R
N EEERR 3 & ‘@I 81
N I
<% S
B N g\i}”\ﬂ e \
<l

AJ) —
2% ¥4
Q



(81) JP 2007-259445 A 2007.10.4

oooao ooogao
SLMIES EAT3 BB EIREE S DOFDMEER D - 1Ba7 M TREEH EITT DR BICRBFEHOOFDMREE O -4 R
> 3 8
f)
INEAN I~
. ’
S 84 86 94
T / AN
B YT INFUN T
T LTHH D) e
- = #
fo=]
© = = =
4 X Ca Pl L
N-L
8“ 8‘“ ...... 5 . 821 b= Y3 (N) —  Tha—y
% IR
S IR %
< . . 881 N& 4V MFFTHLEER
25
8 kAL IR RN
w1 o =)
a
=Y - NIVNVTIVE SR
8 <= T z %0
Q.
\ d
&) < L.
< 92— ALY VYR DL >
. X+C
> R
© < R
.
T ™
&
]%
<3
agooad ogodaoad
ARREF O ZRHLBOFDMEEBO— 2R & AR OE2ERBIC I HOFDMEEHO— 4R T8
I I
2 EC .-
%?\‘ﬁ 2 i%
ARG > < NW >
<l ""5 ol | 5;
o x
=g ==
g s
SEIT . 2 N 3
& & % Xl 3
| ‘ «
i & < g 2 8 g
T & g5s = g
N = N E
o~
e I N <

T
AViZ.4
5

DS,PS
100

)
Q.
%]
Q



(82) JP 2007-259445 A 2007.10.4

good ugogand
RIBOE(HD OB AR S 50T DMEFRRD 75 1

RCD/1
—

£ 2 ¥
= ~EE
e N <R 3
1“5 gg~~-|~-~g
o
ST NS
o e = ]
=¥
T N
I
z% X é“ ...... g‘ _
1 & ® s
e R - %
=
T30 L
. % .
] Ehaeg - B
HEL® <& =
- N S
x J "
£ e S S 2 —
| [ \ [ 23
’ ‘ 23%
Ay NeR
........ hay i ™
o
N g
x> > g \ §
8
Oo0oo0oad O00aaao
S S RHCHL TRE R T TV TR D AT DTSN U TR 2 1257 U F 1>
EELR R EELT R
r=0 r=1 r=2 r=0 r=1 r=2
RX\s Xy X Ko f. e :
: : : : 1 — —
: i : S — — —
RX, % ,——J> X, ,—‘—> X, e — — —
RX, X, X, X, —] l:> — :> —
RX, X X PSyot — — e
2 1 0 Psreg,~ . o
RX, X, PSyot Xy reg— = O %f
RX, PSot X2 X3 %7;:5@ % %
oy B [ =
rog 5L
oo0ooao
AZEB OB 3 KGR Al feietk « s 7T U 7 B0
EEeRTR
r=0 r=1 r=2
R Xus
RX, % | P2 B R N R
RX, X, X %
RX, X, X; PSrot J
RX, X PS ot " X

—
RX, PSot Xz | X -3



gooado

AZEB D IEMEH T TR R & 22v 7TV T BB O

WEERTR
r=

PSrag

PS, reg—t

LT

PS

¥

reg —

Z4=PS,

1

[T

rot

PS(OI

y

[LTETIT-=

LA

(83)

0ooaoao
F1HBH OREE TR T 50 L OFDME S O— #4247 X

H

RN

JP 2007-259445 A 2007.10.4

212

NFU
TR

]

7

—
X’M

210

TACS

208
AN
;

a

206

204

[&]
Q =3
< &

?ﬂ

gooooao
S 3EHEHI O OFDME{EECH A T HDIELIZOFDMA [E 0 — A~ T

ooooand

AFEBADBEAEREEZ LHOFDMBE D -HER$R

——

204
VYT
2
BB

2
%
=2
£3
2. %
i N
IR B <N
SR %
2B+ L
L 3',\:\%;1 _
N SR EQTEFT ..... xZT
o ES
S 3
><T T>< =
o
3| 2 £3
=5 o | NRE
AT w&H
ﬂ\ﬁ ] (% - I . .
g - & SEPSY - 5&E
o o jac @
JS IR
: T
W @ =
z ga &
z 25 &
T . \
LL& - S
g 3 =
ol Sl
o E
=
Ex
2% sE
NS o
=\gl:/ 3
g1 SR
h ey
&

o
Q ] EN
N <
)
2 \b'
g K% =)
« e i
S <3



(84) JP 2007-259445 A 2007.10.4

ooooao Ooogoao
BWAERHOXIFH CHEMTHOICELIZOFDMEZEO— a2~ K SO R G T AT DDV Ial—ay /87— A
N e a |
0.03 — S
R f 0.029 —o— (a)
HI —o— (b,
» 0.028 )
LE e 0.027
ey 0.026
o N &
"~ G _ @ 0,025
XDT TXZ 0.024
. 0.023
T 0.022
N nE 3 '
N ~ 00210
N R 14 15 16 17 18 19 20 21 22 23 24
& Eb/No dB
N
b &
§/
=
2 ==
E [z
Ao B
NN
81 R
§ | [&) \
T hY
S g
O00Oaoao O00aaao
AR O I LMDV AT SO Rl yais /T4 AL AEROERH R UMDV AT ADY 2l 2 " T 3 —e RS
At pr ey
0.028 —o— (a) ]
0027 | o~ (b}
0.026
0.025
oo
8 o 0022 1
o
0.023 & 002
0.022 ¢ 0018
0.021 ¢ e ]
002 - 0.616
Y415 16 17 18 19 20 21 22 23 24
Eb/No 0B 0.014

0.012
1

Eb/No (dB)



gooado

ARBADESIHFIT L HOFDMBEEHED— & 574 1

|

2 LK
FRE
<N >
i.i“t' e :;T
r
£
< S
LY N p-3
338 .
@ g
2{{ E
58 o §
3=
o3
st s
7 N 8 g
- o
S R } j
2 2B
[N
RTE e
(2]
Qt
8] \0'
o
gooooao
ESERGI ORI THEATELE 7o —F 2 HR 5012
EHEhAFEX
REFA~ IV AT
F—50 FRITTS
g A
.. P,
B—F--yay,
P — RAOLOE
P, — EROEROD aunfvL,
B f E p —= PAPRIZE-3K RETS
=73y, : 2 BB
P e WEER-VavE
. v ERTS
. 3
- P‘[ -
Py
gooooao
FESEWBI O XM CH AT ELIOT T o—FEHPTHOI
ERSNAHMX
k- O BCDF —Hu—T—vavk
DN IMSDNT RITTH
BIRENPLHEA I
b DVTODRRD
s Fgu—r—yav D
¢ BERO
CDABR n—=F—yav D
EEI0) T Siat kT
e G ST
Py wovto [Py, (L7 BTV BETD
BRO B=7—=var
REFA~TIND B—F—Ya
SLMIZIR
a-F=vasy
Py ———

(85)

HlgEFr Ry

JP 2007-259445 A 2007.10.4
Ooo0odooano
HOEMEHIORAEH CHEBTRAE1 T /o —F 28R T 2010
ERENSHHR
F—fn—F—yay
s ETERITIS
P P u—F—Yay 2
1 :
ey BEOLO
R %E(Dj{{;%ﬁﬂ) L.kt
, e PAPRIZE:-3< +5
2 * é: N
BT Y2y i{fg’:‘/t *—
: BRTS
: H—F—yay
=Ty T
PU “é TV,
B-Feyay >
gooooad
BOERBIDOEEW CHEATRERBIOT Fo—F2HRRAT 501
ERSNAHHAR
B B OPAPRIZE S
BB O[T
PSIMV)SLMJ.%#{ BRD
+7'%4)7 u=7--yay
NSNS q7)) RRO P, ® Poyic
SUGOffEle | BTy / P ESUT
HKORED | R W70 R
o—F—ya/ D 5
CDARIR ¢
Ly
ooogoao
HSEMGIOLIZHIMER TRELH 1OOFDMY AT AD—EERTY
300 310
P SLM-CDA 216 —
— 2 s
"y 312  -OFDMZ{E# )
SLM-CDA SLM FeE| 5y
~OFDM #am 1 I/
Afugh AR R
AN l
NAayh RCDA
R
)
SLM D 314



gooado

(86)

JP 2007-259445 A 2007.10.4

0oogaga
SR DT TR/ B2DOFDM S 27 AD— AR T BOLIGID LEMEIUAAT SOICHLIOIDME RO
200 320 ‘?E
|
_ SLM-CDA .
37\4 ~OFDMZ {21 36 1 = B 13
e . o A =
SLM-CDA K7 -4 S0 ° = &
~OFDM B Hk L o
A el < -
oy IIU
3 \\ hd
| S \
i . r_
- ~ e~ o o~ o
Reoa 5_\_ o ol T o 1
* =
SLM D T ; .
A - PR e e =
| |l e — |
E': q:’: SQ
= = =,
=2 s < 59 =
B .05 e
INE IE INT
. < e
& « « ~
- & - «Z %H
a. Q. + as “\E ;{g
.8
S AsEm
/ 8 58y
N
28
T E
e
Ooo0ooaga O0o0oaga
5 FH B0 B EE A TR 3OOFDM AT LD AEHOESEMGH R DV AT LD Ial—ia 7 p—2 AL
—¥{ERTH BT 2797%7 T
350 . — , S
VTN | 390
362  SLM-CDA-OFDM 364
T3 )
SLM-CDA SYE A S 1 7
OFDM ZARIES 77;?L%M Cp * wmz'—y | |7 ’
BESEL) > law EEEY

~ RCDA
u + :T:

~366

e 5

677 I8 19 20 21 22
Eb/No dB
godoagad
AIERDESERGI R DS AT MDY Ialb—ar T —2 A
Y5757 %R TE
—— |
—6—(a)
——(b)
L —a—(c)
t ——(d)
&
m
0
10~2 . .. i ) L L It
14 15 16 17 18 19 20 21 22

Eb/No dB



gooado

AFEADE SR DL AT LD Ial —al _ 74— A
[l sV g e |

7 B T T I A TR TR N T BT
Eb/No dB

oooogad

FOHEREHI D REAEHE I T 20IEL7=OFDMZ O — 1%~ T

412
414
T
TS PTS X Reon RET75
— Z(3E N
_v .
RCDA
n—7—=vav
Ny
B
416

(87)

JP 2007-259445 A 2007.10.4

Ooogoao
ARFEW D6 EMH LDOFDMEFHD - W& R
8
\ gl
L ' l
- &~ 3F &
53 <
g & 4 <
PV o -
NS o/ .
= o
5 @3
@ J =]
S % E':
Q Q 2 3
D_A e N DN
b = = 3 8
| La s
> > >
2 3
I
>< <
R
5 Te { %
D I~ ar =
Qa @ﬁ =3
o~ ¥
S
>
i
™oy
S8

ooooand

AR O T ERIFIZLDOFDMREG O — % R TK

56

404

S

(%]
1 L
ny g &
st 89 S | g
[ —I ™ x
3 3 g 5 s
3 3 3
| L s
. X | X >
% >
3 T — 3
e = | g sz 5
<& <5 <B| |
LR el ™
OR UQ»\VN,.N o« Ugé
il I B S S
NP4l ~+ ™
S
PN 1
& <. >
AE
B g
%3
SR
@©x
-+
>
;
=
3
%
Y
et S
< ! Y
Q\x \
A &
g ’ $




(88) JP 2007-259445 A 2007.10.4

ooooao Ooogoao
” [y~ . S = BTEBHIORERE LB R T 0B LN
%g{i@@%&uﬁté@kﬁmfbmnLﬁLr_OFDMi%{umw OFDMZ {3 M0 — % R4

X,
X

N 8 Ly §
R} T te
<] ~ 1
~ =
ST = | <
3 2
= z
= & = 3 = N = s
= 2 <& = <8 <t <&
¥ f - 105{ e ¥ f f ‘
= < ¥ ; Vi £/ = 3
X 3 Tem g | & $ e
z = = 7 L2H g 3 3 RS E
& o erg l]ﬂ°<ﬁ [a . ooy = n<§_<
XX 3 it Hlke o N
8 g
vy
5 Ee
2 gt
£ A
~ S/
I <~
oo > Ek_; \
‘Lli; ks Y
o=y X \
b g
Ooo0o0ogano Ooo0oaogao
) . IS BREMGIOE R RN THRE 17 70— FEBRA T 501
KRB OESEMHI L HOFDMEEHD -Ham+ R pasaisiipasl
(&)
+<..
&
o
o
file3 +
PR
S _ :ﬁ
> ST L 5 2o 3
e o
[x
SRBALIANALY g N 5
IR o
] Rl
BETYLAIN ) N ~8
IR
Ve X 2 2 3
— & b I g < g S5
= B = 5 5
Tt [[I]E 1 Tel
o —
f * | | g z
& w o @ o 8
- “ﬁg —\t < e o e =4
g LE% [ 6§ ~8
3 \ > r [ 1
< § > > > >
o
2%
308 =




(89) JP 2007-259445 A 2007.10.4

goodano googao
FEBEMEHIDEEH CHAIRERELT /o —F BRI 501 B ERI O A TR TR AR ST T o —F R AT A0
BT HRHAK AT a3
59
3 Za
x ox AL
O
] B
© E
5
“\ S e
+ ©
& \
dgE
g
& £} S 5
& & ES
& = 2
* E
5 =
<8 S5 =
Ly X 5 e
L gg | 252
M R N B
g“/ gm S’F
& 2 z s F s ¥ =) %
= & = © [ P
g ) g =3 ;
o o 0 S
= ™N
E‘ E g_ \%\ EZL & ; g ....... §
5 n L4 H T © [ 3
& = L = = | ¥ W=
= e e k e i

X o]
X e
X ———l
—
—

X
—
.
——
—

X
—
]

X
—
e

Ooo0ooaga O0o0oaga
ERERHIOEIZH CEMRIEARS4AT o —F 2RI 501 HRHMBIO EEHE KT B0 LIZOFDMEIE# O
AR LIl —WERTH
N 536
" \
s '
2@
15 S R
é"ﬂ Zlala s v Repa — X
| TREEE X %Tgﬁg
g
& S.: i N A{ayh
& £ HBHIE
‘\ 3
MR J \534
Ity S g O0o0ooagad
kS & =
x & =
F8EHM DOXASHE I AT B0 LB
‘ OFDME B — %77 1
= 4 =5
fiz ] 2 I | Bie 532
B N 'Y
BRR l RR¥ ‘ RRR A\————— 536
- = |
S g o e
- ® N s % AR XReos | s | X
g = BN >l TREZ{EH EEE
| !
‘ = g & ‘
| & & ;o8
| Wa 1 =
|

COA

L
e
—
-



(90) JP 2007-259445 A 2007.10.4

gooaoaad googao
BBEMEHI R CMD L AT LDV Lal—al "7 —< AL AREOUOR I LEEE O 7Ta—F v —]
B 5757 &rd

X

#01 B
“\ LI_)

OFDMIE BB § 5,

-
3 = s1
P> 1A e Avy itk !
3 ~ WET 5, AR L
b & RABRDBHERIS

g

g

1

]

30,54y}

e £RHCOVT, s2
& FahBDLNERIEE L —
£ = WA %
= =& RS
3 S !
é ©
= LT FBEOWT RSN /-53
E L R ERTD
2 -3 ]
\E w© S4
5 BRI ST P4
O REETHRODRAHBDHD)
S © OFDM{E 5% & Ot
5 5
[«
2 ¢
- S5
(0ddyd<dd¥dlid EPEDOFTHEIRS Rt B ST —
IDOFME TR TS
L
()
gooaoad ogooagad
AFEH O IFERHNC LA RGO AREHOE10FMEH]Z L DHRAZ ORI K
620
Se ™
¥y = -
<2
S
NS gg ﬂy ﬂg " T ﬂm
S~ 622 _J,\/ 7 i
2
N ® a :
Bk = H U
% S Il
o z 624 —
o
€ (AR~ IRV R
~N
¥
7
#
i
© ]
3 | 627
N _' - !
- R A e ) REm
:' Qla % 74 !
~ Tg 12 &
e <= & 7
: g mO i M2 l
< P ki ]
Lo t
I 626
/ B2




(91) JP 2007-259445 A 2007.10.4

ooooao Ooogoao
F10EMHI OXREROBIEERP T Db D7 —F v —h FHHEEA, BOFIRORERERTE
TR BADE ZE v~
628 9
\ Chcliad PAPRIMESNT S 72V V2%,
87 P/ BRSNS B Rk
LRAUE TN
S10 _
F-4CDT uy )% UL VAR I g
SET PN R ZITA
| R
i
UA® St 2
mémAzM“ ot
U %
®@Pu #3ET5 / Pk
‘ 7L L AR R ELE SRR CEERAEEE (oh kel et ===
|
BV DACPE
BTHEHFHED
OFDM{E E-DALFa~ v
ERETD T T 1 T
100 150 200 250
‘ $7w
RBSII S13
P~V E VT
7470y Ch
OFDMEB-LLCEIETD
s
O00Oaoao O00aaao
FHIESA, BOFIRMIEERZ 7R3 LRl — AT R BT — T LA X
FUEFBOFSEA A~
NGI-h [
f& %\t"”7 7RI TR 128, 512
9
L 7
\ PAPRIZE VS Efahd A N
84 2Yy T BARKIEDRI D0 p— 16QAM
R FOFDINMEB i
! 71}j§§7'g@gé£-’;§% FoTYyV—b YUE VS TD256 B TM024% 7N
6 - A AN 2dB
F7 %) 7 RIRR 19.5kHz
Fytw AWGN
SLMEyMH{2 64, 128
AN




gooado

Yial—LarfEROTT7EFTR

—o— HEROSIM i
—— ACPﬁﬁ%E&ﬁo?‘CSLﬂ‘
10°?
&
[=3]
12 13 14 15 16 17 18 19 20
Eb/No dB
PAPREATISLM B (RACPZATHSLMIZ DU T, 12847 %47
R URASLMEy MH R TN T4~ A8
gooaoad

ARREROFEVERHIC L5 REBOBRRR

G646
s

- —— e ———— %
b =
R
o
ol il "HJ >‘_
- [ ~
u, u w
Q[ AR [
P i &
> > 3&
{ SRR
W ><
s
<
3
~
RS —
v
3 g
by 2
z 3 R
~— 3 \) =
D D
NS Y
BN L %
J=EN
~ [N ~

64

(92)

Oooaoao
Yial—lal RO rT7ERT ™

x10-3

—&—~ FERDSLM
—&—~ ACPIEBLIREAT -72SLM

18 19 20 21 2 23 24
Eb/No o8

PAPRZ75SLM & TRACPAFTISLMIZ- DV T 51297 %47
K C128SLMALAR Y M AR TONT 12 AL EA

ooooao

F1ERHIOREROBEELRAT 2O 0—F r—h

640
‘”‘\\ (B )
S14

F§7'ny X
2EY5 —

T

7'uyIX%
M{E D54 D
F7'7 uysXmic
5T H(1<m<M)

I

$7'7"1y)Xm S16

£ 2OV,
B TS 717
EAE-rA S ®
IDFTIZLYRDHD

S17
BYDACPOOFDMIES%E |
ERTHEDHICTFHISNS
NI Dace HRERT D,

byce :[51'52""ij

i

BT b, Fn—anik(E S18
SR X TR NER L
FATS

}

REMET LR R
CriwEs

!

#®T

| —~S15

JP 2007-259445 A 2007.10.4



(93) JP 2007-259445 A 2007.10.4

gooado

AT O 1 2F R LD REAEHE OB

ugooad

B 2EMEHIORBROBIELRI T BIDOTI—F v—h

FHELHS

ACP

STl Y T
W G/~ HY

S £ [T

-

S LA 2 N

. 664

avbo—7

Y

N -~

T 636

ciP

a

66,

630

oogd

FE)

O

&
\Qd I
5( =4
x e =
Ry -
g | &"
B %

660

658

[
o
wy
Y
5 AR
e Q ,"“‘ iy
g, SEI [BEut2 | 20| |2
X =z Wy S &t LA =
s w& 521%?555 g = =2
= = TEEE = &
SE 2| |LzXTx E= by
? L RE e &
% = b
“j o [ar) <
8 3 3 3
X [
WS E
m 2.(73_ ; %?\GQ*O il
]i\\n‘ a0 %JEJ\"‘ s
PR '&im x.\i‘g—' %
N DA EEYH s
— oasw oW '
J% P
I~
~ S
= 37 8 &

200

FURFTHEZRNTE D
$7' %Y T DD
b TR OLED
BAEGERRTS

]

BAEALIEONT
~NINPERTET D

i

—

E-2ER— X pE
POIFFTH AL CTER TS

'

Ay &
fLAf7hSiph
BACSEERT S

T
i

¥

FENHERTD

A

S20

S21
I

$22

S23

S24



(94) JP 2007-259445 A 2007.10.4

gooaoodadd



T T e T e T e T e T e O e O e O s O e, O e, O e B e, O e, T s R e R e N e T e T e T e T e T e T e T e T e T e T e T e T e T e B e B e B e T e T e T e B e T s T e B e D e T e B

[

10

15

20

25

30

(95) JP 2007-259445 A 2007.10.4

1. Title of Invention
OFDM COMMUNICATION SYSTEMS, TRANSMITTERS AND METHODS
2. Detailed Description of Invention

The present invention relates to orthogonal
frequency division multiplexing (OFDM) communication
systems and methods and to transmitters and transmitting
methods for use in such systems.

An OFDM system is a type of multi-carrier
transmission system, in which a single data stream is
modulated onto N parallel sub-carriers, each sub-carrier
signal having its own centre frequency. The sub-carriers
are transmitted together as a single combined OFDM signal,
the individual sub-carrier signals being recoverable in
an OFDM receiver due to the orthogonal property of the
sub—carriers. Typically, the number N of sub-carriers
may be relatively large, for example N=512.

OFDM systems have many advantages. Orthogonal
frequency division multiplexing (OFDM) is a modulation
technique that is based on traditional frequency division
multiplexing (FDM), but is much more spectrally efficient
than traditional FDM because the sub-channels (sub-
carriers) may be spaced much closer together in frequency
(i.e. until they are actually overlapping) than in FDM
systems (in which guard bands are required between each
sub—-channel) .

The spectral efficiency of an OFDM system is
achieved because the frequency of the respective sub-
carriers are chosen such that they are mutually
orthogonal (which means that they are mutually
perpendicular in a mathematical sense), thereby allowing
the spectrum of each sub-carrier to overlap the spectra
of other sub-carriers without interfering with them. The
effect of this mutually orthogonal nature of the OFDM
sub-carriers is that the required bandwidth is greatly

reduced, as compared to traditional FDM systems, by
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removing the guard bands and allowing the spectra of the
sub-carriers to overlap one another.

Another advantage of OFDM is its resilience to
multipath, which is the effect of multiple reflected
signals hitting the receiver. OFDM systems are capable
of overcoming the potential problems associated with
multipath, such as interference and frequency-seclective
fading, because the total signal bandwidth (i.e. the
amount of data to be sent in a given time interval) is
divided over the plurality of sub-carriers. 2As a result
of this parallel transmission, the duration of each OFDM
data symbol may be relatively long, and each individual
sub-carrier may have a relatively low information rate,
thereby allowing the system to benefit from enhanced
immunity to impulse noise and reflections.

OFDM’'s high spectral efficiency and resistance to
multipath make it an extremely suitable technology to
meet the demands of wireless data traffic. Today, the
technology is used in such systems as asymmetric digital
subscriber lines (ADSL) as well as in wireless systems
such as IEEE 802.1la/g (Wi-Fi) and TEEE 802.16 (Wi-MAX).
It is alsoc used for wireless digital audio and video
broadcasting. OFDM is currently one of the prime
technologies being considered for use in future fourth
generation (4G) networks.

In an OFDM communication system a plurality N of
sub~carriers are employed to carry data from a
transmitter to one or more receivers. The number N of
sub-carriers may be relatively large, for example N = 512.
One problem which arises in OFDM communication systems is
that a peak-to-average power ratio (hereinafter PAPR)
tends to be high. The peak power increases generally
according to the number of sub-carriers. For example,

when the N signals carried respectively by the sub-
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carriers have the same phase, the maximum power of the
resulting multi-carrier signal is increased to N times an
average power. When the PAPR is high, an amplifier
having a very wide dynamic range is required in the
transmitter, which 1is undesirable.

Numerous techniques have been proposed to solve the
problems with PAPR in OFDM communication systems.

Before describing some of these techniques, the basic
features of a transmitter for use in an OFDM
communication system will be described with reference to
Figure 1.

Figure 1 shows parts of an OFDM transmitter 10. The
transmitter comprises a serial-to-parallel converter 12
which receives a serial stream of input symbols.

Although not shown in Figure 1, the input symbols may
comprise data symbols, provided from one or more data
sources, and pilot symbols provided from a pilot symbol
generator (not shown). The serial-to-parallel converter
divides the received input signals into groups of N input
symbols and outputs the symbols X; to Xy-1 of each group
in parallel. The transmitter 10 further comprises an
IFFT processing unit 14 which subjects each group of N
symbols X, to Xy-1 to N-point inverse fast Fourier
transform (IFFT) processing to produce IFFT output
signals x, to xn.1 representing N digital samples of the
time-domain signals. These IFFT output signals are
subjected to parallel-to-serial conversion in a parallel-
to-serial converter 16. After conversion into serial
form, the IFFT output signals are applied to a cyclic
prefix (CP) addition unit 18.

The CP addition unit 18 adds a cyclic prefix at the
beginning of each OFDM symbol period (here the OFDM
symbol period is N x T5, where Ts is the input symbol

period (the period of each data symbol and each pilot
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symbol)). As is well known, in OFDM systems,
orthogonality of sub-carriers is lost when multipath
channels are involved. The addition of the cyclic prefix
can restore the orthogonality at the receiver, although
energy is wasted in the cyclic prefix samples.

The serial IFFT output signals with the added cyclic
prefix are then applied to a windowing unit 20 which
carries out a windowing operation for pulse shaping. The
digital signal samples are then converted into an analog
baseband signal in a digital-to-analog converter (DAC) 22
and the analog baseband signal is then supplied to a
radio frequency (RF) unit 24. The RF unit 24 converts
the baseband signal into a RF signal suitable for
transmission to one or more receivers via an antenna 26
of the transmitter 10.

Next, phase adjustment technigques which have been
proposed for solving the PAPR problem will be described
with reference to Figures 2, 3 and 4.

Figure 2 shows parts of an OFDM transmitter 40
adapted to carry out a partial transmit sequence (PTS)
method.

In Figure 2, a data source 42 supplies a serial
stream of data symbols DS to a serial-to-parallel
converter 46. The serial-to-parallel converter 46 also
receilves from time to time pilot symbols PS from a pilot
symbol generator 44, The converter 46 combines the
received data symbols DS and any pilot symbols PS and
forms groups of input symbols. Each group is made up of
N input symbols. The serial-to-parallel converter 46
outputs the N input symbols of each group in parallel to
a symbol division unit 48. The symbol division unit 48
divides the N input signals of each group into M sub-
groups (sometimes referred to as "sub-blocks"), each made

up of L (= N/M) input symbols. Each of the M sub-blocks
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X1 to Xy is subjected to L-point inverse discrete Fourier
transform (IDFT) processing by a corresponding IDFT
processing unit 50; to 50x. The IDFT output signals from
each IDFT processing unit 50, which may also be referred
to as "partial transmit sequences", are supplied to a
first input of a corresponding complex multiplier 52; to
52y. Each complex multiplier 52; to 52y also receives at
a second input a phase adjustment factor b; to bg. Each
complex multiplier 52; to 52y adjusts the phases of all L
IDFT output signals of the sub-block by the applied phase
adjustment factor. The outputs of the complex
multipliers 52; to 52y are then combined by a combiner 56.

The individual phase adjustment factors together
form a phase vector b. An optimisation unit 54 stores a
plurality of available phase vectors. The optimisation
unit 54 receives the IDFT output signals from the IDFT
processing units 50; to 50y and selects one phase vector
from among the plurality of available phase vectors. The
selected phase vector is the one that produces a sub-
optimal phase-adjusted combination of the TDFT output
signals of the different sub-blocks. This combination of
N IDFT output signals, when transmitted, will have a
desirably low PAPR.

The time-domain samples output from the combiner 56
are then subjected to parallel-to-serial conversion,
cyclic prefix addition and the subsequent processing
described previously with reference to Figure 1 (units 16,
18, 20, 22 and 24 in Figure 1).

The optimisation unit 54 also outputs identification
information which may be transmitted to the receiver (s)
as side information to enable the receiver(s) to identify
the phase vector selected by the transmitter. The
receiver can then carry out reverse processing to recover

the data and pilot symbols.
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In the PTS method, the amount PAPR reduction that is
achieved depends on the number of sub-blocks. The
greater the number of sub-blocks the larger the potential
PAPR reduction that is achievable. However, increasing
the number of sub-blocks increases the processing burden
on the transmitter. For example, the complexity of the
search space for the best combination of IDFT output
signals increases exponentially as the number of sub-
blocks increases, which is generally prohibitive.

Further information regarding PTS methods can be
found in "A novel peak power reduction for OFDM", S.H.
Miller, J.B. Huber, PROC. IEEE PIRMC '97, Helsinki,
Finland, Sep 1997, pp 1090-94, and in "A Comparison of
peak power reduction reduction schemes for OFDM", S.H.
Miller, J.B. Huber, PROC. IEEE Globecom '97, Phoenix,
Arizona, USA, pp 1-5.

Another phase adjustment technique which has been
proposed is a selective mapping (SLM) method. Figure 3
shows parts of an OFDM transmitter adapted to carry out
an SLM method. In the transmitter 60 of Figure 3, a
serial stream of input symbols (data symbols and pilot
symbols) is applied to a serial-to-parallel converter 62.
The converter 62 outputs groups C of input symbols, there
being N input symbols in each group C.

The transmitter 60 also comprises a phase vector
storage unit 64 which stores a set of U available phase
vectors Py (G =1, ... U). These phase vectors are

generated randomly and are statistically independent.

Each phase vector is made up of N phase elements 9,, 9,

P =:[ej¢g,ej¢f ~-,ej¢5‘1] (1)

u 2

assuming that % e€©2al ue{..U}
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Each phase element corresponds individually to one
of the N sub-carriers and sets a phase adjustment to be
applied by the transmitter to the corresponding sub-
carrier for the group C of input symbols concerned.

The U phase vectors Py to Py and the group C of
input symbols are supplied to a candidate symbol
generator 66. The candidate symbol generator calculates
Lthe vector product of the group C of input signals and
each of the available phase vectors Py to produce U
candidate OFDM symbols CS; to CSy.

The candidate OFDM symbols CS; to CSy are supplied
to a selection unit 68. The selection unit 68 calculates
a potential transmitted signal for each candidate symbol

CS:1 to CSy, according to the expression

=
|

j2rmAf

s(t) =

I\
=
N
-~
A
~
S

where C:Q% Gt Cya represents a vector of N
constellation symbols from a constellation. For the

signal s(t) a measure of the PAPR is given by:

_ max‘s(t)‘z

EHSOHZ}

where E denotes expectation.

It will be appreciated that to calculate the
potential transmitted signal for each candidate symbol an
N-point IFFT operation is required. Accordingly, the
selection unit 68 includes an IFFT processing unit 70
similar to the IFFT processing unit 14 described
previously with reference to Figure 1. The IFFT
processing unit 70 needs to carry out U of the N-point
IFFT operations and, optionally, the selection unit 70
may be provided with U IFFT processing units 70; to 70y

to enable the operations to be carried out in parallel.
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After calculating such a PAPR measure for each
candidate symbol CS: to CSy, the selection unit 68
selects the candidate symbol CSsiy which has the lowest
PAPR measure. IFFT output signals Xswy corresponding to
the selected candidate symbol CSsiv are output by the
selection unit. These IFFT output signals xswv are then
subjected to parallel-to-serial conversion and CP
addition, etc., as described previously with reference to
Figure 1.

Optionally, also, the selection unit 68 outputs the
identity G of the selected phase vector, i.e. the phase
vector corresponding to the selected candidate symbol
CSsiv. This identity U may be transmitted as side
information to the receiver(s) to enable the receiver (s)
to carry out reverse phase adjustments corresponding to
the phase adjustments applied by the transmitter using
the selected phase vector P,.

Although SLM offers a significant PAPR reduction,
the size of the search space (the number of phase vectors
which must be processed) is high to achieve PAPR
reductions of the desired magnitude. This in turn
implies that immense processing power is required in the
transmitter and that the signalling overhead for
transmitting the identity 0 may be undesirably high.
Although it 1is possible to trade off additional receiver
complexity with a reduction in the signalling overhead,
for example by adopting a blind or semi-blind receiver,
SIM methods involving high numbers of phase vectors are
still complex and expensive to implement. Incidentally,
a so-called blind SLM receiver has been proposed in "SLM
and PTS peak-power reduction of OFDM signals without side
information", A.D.S. Jayalath and C. Tellambura, IEEE
Transactions on Wireless Communications, vol. 4, issue 5,

Sept. 2005, pp 2006-2013. Various improvements to the
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basic SILM method aimed at achieving reductions in
transmitter and receiver complexity and in signalling
overhead are described in our co-pending European patent
application no. 05256600.7, the entire content of which
is incorporated herein by reference.

A further problem with SLM is that, because the set
of phase vectors is determined on a random basis, it is
unable to reach the ideal (PAPR free) performance,
especially when the number of sub-carriers is large.
Although the PAPR performance theoretically keeps on
improving as the number of phase vectors is increased,
for large numbers of phase vectors it is found in
practice that the performance improvement becomes
saturated at a level below the optimum level.

Another PAPR reduction technique that has also been
proposed is a tone reservation (TR) technique. 1In this
technigue, some sub-carriers from among the entire set of
available sub-carriers are reserved for PAPR reduction.
The reserved carriers carry no data. The receiver simply
disregards the sub-carriers which carry no data and
recovers the data from the remaining sub-carriers. It
has also been proposed to apply a gradient algorithm as
part of the TR technique. The basic idea of the gradient
algorithm comes from clipping. Using the gradient
algorithm, signals having an impulse-like characteristic
are generated using the sub-carriers that carry no data,
and IFFT output signals are clipped using the signals
having the impulse-like characteristic. When the
generated signals having an impulse-like characteristic
are added to the IFFT output signals, data distortion
occurs only in some sub-carriers carrying no data and

does not occur in the other sub-carriers carrying data.
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Figure 4 shows parts of an OFDM transmitter 80
adapted to carry out the TR technique using a gradient
algorithm.

The transmitter 80 comprises a tone allocation unit
82 which has N-L first inputs and L second inputs (in
this context "tone" means sub-carrier). Each of the
first inputs is connected to a serial-to-parallel
converter 84 which operates in the same way as the
serial-to—-parallel converter 12 of Figure 1 except that
in this case each group of input symbols is made up of N-
L input symbols instead of N input symbols in Figure 1.
As in the Figure 1 transmitter, the group of input
symbols may include pilot symbols as well as data symbols.
The second inputs of the tone allocation unit 82 are
supplied with L peak reduction symbols. Mathematically,
these L peak reduction symbols can be represented by L
non—zero elements in a peak reduction vector C having N
elements in total, the remaining N-L elements of C being
zero. Similarly, the group of N-L input symbols applied
to the first inputs of the tone allocation unit can be
represented by N-L non-zero elements in an input-symbol
vector X having N elements in total, the remaining L
elements of X being zero. The peak reduction vector C
and the input-symbol vector X must lie in disjoint
frequency subspaces.

The group of N-L input symbols and the L non-zero
values of the peak reduction vector C are applied to
different inputs of an IFFT processing unit 88 which
carries out N-point IFFT processing on them. The IFFT
output signals are applied to a parallel-to-serial
converter 90 to produce a series of time-domain digital
samples x. These time-domain signals x are applied to a
gradient algorithm unit 92 which implements a gradient

algorithm. The gradient algorithm is an iterative
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clipping algorithm using a peak reduction kernel p. p is
a function only of the reserved tone locations. p is the
IFFT output of the vector P whose value is 1 at the
reserved tone locations and 0 elsewhere. When p is
circularly shifted, scaled and phase rotated in the time
domain, the values of P in the reserved tone locations
are changed but the values of X in the other non-reserved
locations are unchanged. Accordingly, the input-symbol
vector X is not affected by the iterative clipping
algorithm. The optimisation is carried out only on the
time—-domain digital samples. As a result, only one IFFT
operation is needed and the complexity is relatively low.
Further details of the operation of the gradient
algorithm applied to the TR technique can be found, for
example, in "Tone reservation method for PAPR reduction
scheme", IEEE 802.16e-03/60rl, Park, Sung-Eun et al.
Samsung Elec., IEEE 802.16 Broadband Wireless Access
Working Group, November 10, 2003.

The TR technique with gradient algorithm must carry
out calculations serially. In order to achieve a good
performance gain with a low processing delay, the
processing capability of the transmitter must be high.
Also, the number of required iterations 1s generally high
(for example around 30 iterations are suggested in the
above paper) and this leads to a high processing burden
and/or high power consumption.

According to a first aspect of the present invention
there is provided a method of transmitting an orthogonal
freqguency division multiplexing (OFDM) signal,
comprising: receiving a group of input symbols based on
which the transmitted signal is to be generated;
selecting, from among a plurality of available
allocations of input symbols to sub-carriers, one

allocation to apply to the received group of input
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symbols, each said available allocation serving to
allocate the input symbols to respective sub-carriers in
a different way from each other available allocation, and
the allocation selection being based on predicted values
of a predetermined property of the transmitted signal for
different available allocations; and generating the
transmitted signal using the selected allocation.

Such a method takes advantage of the fact that among
the different available allocations of input symbols to
sub-carriers there will some allocations that have a more
beneficial outcome in terms of the predetermined property
of the transmitted signal than others. By deliberately
selecting one allocation based on predicted values of the
predetermined property for different available
allocations it is possible to improve the performance of
the transmitter in a simple way.

Any suitable property of the transmitted signal may
be considered but preferably the property is one which,
if not reduced or controlled will have an adverse effect
on the operation of the transmitter or receiver or on
both. For example, the predetermined property may be a
measure of non-linear behaviour predicted in an amplifier
when the amplifier amplifies a transmitted signal
generated using the allocation concerned.

In one embodiment, the predetermined property is a
peak-to—average power of a transmitted signal generated
using the allocation concerned. It is important to
reduce or control peak-to-average power in OFDM systems,
especially when the number of sub-carriers is large. 1In
this case, the allocation that is selected is preferably
the allocation which, among the different allocations
considered, has a lowest predicted peak-to-average power
ratio. This will give the best possible PAPR performance.

However, this is not essential. For example, the
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allocations could be considered in turn and the first one
which provides a PAPR reduction exceeding a threshold
value could be selected, without going on to consider
further allocations. This will save processing burden.

In one embodiment, in selecting the allocation, a
potential transmitted signal is generated for each said
available allocation and a measure of said predetermined
property of the potential transmitted signal is produced
and employed to select one of the available allocations.

It will be appreciated that with N sub-carriers the
total number of possiblc different allocations is N!.
Whilst this gives the potential to achieve good
performance, considering N! allocations is likely to
constitute an unacceptably high processing burden. Also,
an amount of signalling overhead associated with
signalling the identity of the selected allocation to the
receiver. Accordingly, preferably the number of said
available allocations is limited to a subset of the full
set of possible allocations of said input signals to said
sub-carriers.

There are many ways to limit to available
allocations but one preferred way is to limit the
avallable allocations to two or more different rotations.
This provides a reasonable diversity between different
allocations whilst being light in signalling terms.

The available allocations may be or include one or
more regular rotations. A regular rotation imposes the
same circular shift on every input symbol of the group to
determine its corresponding sub-carrier. If the
allocations are limited to just regular rotations, then
there are at most N allocations (roatations), where N is
the number of sub-carriers.

Another major advantage of regular rotations arises

when obtaining the predicted values of the predetermined
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property. In an OFDM system, a full IFFT operation is
required to generate the transmitted signal. When the
allocations are regular rotations, however, 1t is
unnecessary to use a full TIFFT for every different
allocation. Instead, a full IFFT operation is only
required for the first regular rotation. A transmitted
signal for the second and any subsequent regular rotation
can be obtained based on the transmitted signal
calculated for the first regular rotation. This is very
powerful effect and can drastically cut the processing
burden and save power consumption. Power consumption is
a significant issue in portable transmitters.

In one embodiment having at least first and second
such regular rotations, this effect is exploited by
predicting a value of said predetermined property for
said first regular rotation; and employing data produced
in the process of obtaining the prediction for the first
regular rotation to predict a value of said predetermined
property for said second regular rotation.

In another embodiment having at least first and
second such regular rotations, this effect is exploited
by generating a potential transmitted signal for said
first regular rotation; and employing a recursive
operation to generate a potential transmitted signal for
the second and for any further reqular rotations based on
the potential transmitted signal generated for the first
regular rotation.

To increase the number of allocations beyond those
available with regular rotations the available
allocations may also include one or more irregular
rotations. An irregular rotation divides the input
symbols of said group into at least first and second sub-
groups and imposing a first circular shift on each input

symbol of the first sub-group to determine its
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corresponding sub-carrier and imposes no circular shift
or a second circular shift, different from said first
cyclic shift, on each input symbol of another group to
determine its corresponding sub-carrier.

For example, a first sub-group may be made up of
even~numbered input symbols within the group of input
symbols and a second sub-group of input symbols may be
made up of odd-numbered input symbols within the group of
input symbols. In this case, each different irregular
rotation may impose a different circular shift on the
even—numbered input symbols and no circular shift on the
odd—numbered input symbols.

The available allocations may also be or include
harmonised rotations in which said group of input symbols
is sub-divided into a plurality of sub-groups each having
the same number of input symbols. 1In this case, each
sub—-group is allocated to a corresponding fixed set of
said sub-carriers, and each said harmonised rotation
serves to allocate the input symbols of each sub-group to
respective ones of the sub-carriers of the corresponding
set of sub-carriers. The circular shift of the input
symbols to determine the sub-carriers is the same for all
of the sub-groups. Because the circular shift is the
same for all the sub-groups the signalling overhead is
small.

Preferably, the transmitter signals to a receiver
allocation information for use by the receiver to
identify the selected allocation.

The allocation information may be an identity of the
allocations. For example, in the case of rotations, the
allocation information may be a rotation value indicating
the circular shift imposed on the input symbols to

determine the sub-carriers.
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The allocation information may be signaled
explicitly to the receiver as side information using a
control channel separate from the transmitted signal.

Alternatively, or even in addition, signalling may
be carried out by generating at least one rotational
pilot symbol and allocating the or each rotational pilot
symbol to a particular further one of the sub-carriers.
This further sub-carrier is dependent on the selected
allocation and is different from each of the sub-carriers
to which the input symbols have been allocated. This can
keep the amount of side information low, although of
course at least one sub-carrier is taken out of use for
the input symbols. The receiver probably has a pilot
symbol detecting unit to detect regular pilot symbols
included in the transmitted signal for other purposes
such as channel estimation. Accordingly, it is cost-
cffective to carry out the signalling of the allccation
information using further pilot symbols. Also, in the
transmitter, when rotating the input symbols it is easy
to insert the rotational pilot symbol(s) at the
appropriate positions in the group.

The rotational pilots may be arranged in suitable
patterns across tLhe sub-carriers to improve robustness.
Also, at least one rotational pilot symbol may be
transmitted at a higher power than the input symbols,
without having any significant impact on PAPR.

Another possibility available in an OFDM system in
which the input symbols include regular pilot symbols
arranged 1in a pseudo-random pattern within said group of
symbols is to carry out the signalling by setting a start
position of said pseudo-random pattern within the group
in dependence upon the selected allocation.

Prior to selecting the allocation, it is possible to

apply respective preselected phase adjustments to the
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received input symbols of the group. This simple measure
is highly effective in improving the performance of the
allocation selection technique. Preferably, only a
single set of the preselected phase adjustments is
available to apply to any one group of the received input
symbols, so that no selection of a phase vector is
required as in SIM and no signalling of the phase vector
information to the receiver is required.

The performance of the allocation selection
technique when the phase is adjusted in this way can be
better than an SLM technique having the same number of
phase vectors as there are available allocations in the
allocation selection technique. The complexity of
allocation selection technique with phase adjustment is
much less than SLM, especially if the allocations are
restricted to reqgular rotations.

Although the performance of the allocation selection
technique by itself is worthwhile, it is also possible to
combine the technique with other PAPR-reduction
techniques. Accordingly, in one embodiment the
generation of the transmitted signal also involves
applying further processing, in addition to selecting one
allocation, to control said predetermined property of the
transmitted signal. The further processing may ke any of
selected mapping (SLM) processing, partial transmit
sequence (PTS) processing, and tone reservation (TR)
processing, but is not limited to these.

In general, the allocation selection technigue can
be used to give an initial performance improvement, which
the further processing such as SLM, PTS or TR can exploit.
The way of exploiting the performance improvement could
be to seek better overall performance outcome than would
be available with the further processing alone. Another

way of exploiting the performance improvement could be
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reduce the complexity of the further processing, e.g. by
limiting to fewer phase vectors in SLM and PTS or using
fewer iterations in a gradient algorithm of TR. Another
way of exploiting the performance improvement could be to
set aside less capacity for PAPR reduction, e.g. by using
fewer reserving sub-carriers in TR.

In many known techniques, the further processing
involves selecting one processing option from among a
plurality of available processing options to use to
generate the transmitted signal. The processing option
selection i1s based on predicted values of said
predetermined property for different processing options
if used to generate the transmitted signal. For exanmple,
in phase adjustment techniques such as PTS and SLM, each
available processing option involves applying a
particular set of phase adjustments to the transmitted
signal. One phase vector (one processing option) is
selected from among a plurality of available phase
vectors (a plurality of available processing options)
based on predicted PAPR values for the different phase
vectors.

In such cases, in selecting the allocation and
processing option, all combinations of available
allocation and available processing option may be
considered. This should lead to the performance outcome
but the processing burden is likely to be high.

In view of this, in another possibility for
selecting the allocation and processing option, the
allocation is selected first and then the processing
option is selected based on said predicted values for
different processing options when used in combination
with the selected allocation to generate the transmitted
signal. Conversely, the processing option may be selected

first and then the allocation may be selected based on
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said predicted values for different allocations when used
in combination with the selected processing option to
generate the transmitted signal. Choosing the allocation
second instead of first may have the advantage that the
recursive operation described above can be used to reduce
the processing burden. Restricting the combinations
considered in this way makes the processing burden
smaller, but the performance will not be as good as when
all combinations are considered.

To save processing burden it is possible to first
decide if an acceptable value of said predetermined
property is achievable by use of the allocation selection
without applying further processing and, if so, to omit
the further processing.

In another embodiment, the further processing may
employ an iterative method to adjust, in each of a series
of iterations, a control parameter whose value has an
effect on the predetermined property of the transmitted
signal. Over the series of iterations the control
parameter tends to converge towards a desired value of
said predetermined property. The gradient algorithm used
in TR is one example of such an iterative method. The
control parameter may be a peak reduction code of the TR
technique, for example.

When the further processing involves carrying out an
iterative method, it is possible to provide, for each
said available allocation, a corresponding instance of
the iterative method. The allocation (together with its
said corresponding instance of the iterative method) are
selected based on said predicted values for different
allocations after processing by the respective
corresponding instances of the iterative method. This

can carry out the iterative method in parallel for all
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available allocations, so that the selection of an
allocation can be made more quickly.

Each instance of the i1terative method may be
operated for a full series of iterations prior to
selecting the allocation and its said corresponding
instance. However, alternatively, the allocation and its
said corresponding instance may be selected when each
said instance of the iterative method has been operated
for less than a full series of iterations. Then only the
selected instance continues to operate after Lhe
selection has been made. This can reduce the processing
burden. The performance penalty may be insignificant
because instances which are not converging by the time of
making the selection are unlikely to converge at all, so
leaving them to carry on further simply wastes processing
capacity.

According to a second aspcct of the present
invention there is provided a transmitter adapted to
transmit an orthogonal frequency division multiplexing
(OFDM) signal, comprising: receiving means for receiving
a group of input symbols based on which the transmitted
signal is to be generated; allocation selection means
for selecting, from among a plurality of available
allocations of input symbols to sub-carriers, one
allocation to apply to the received group of input
symbols, each said available allocation serving to
allocate the input symbols to respective sub-carriers in
a different way from each other available allocation,
said allocation selection means being operable to obtain
predicted values of a predetermined property of the
transmitted signal for different available allocations
and to base the allocation selection on the predicted
values; and signal generation means for generating the

transmitted signal using the selected allocation.



T T e T e T e T e T e O e O e O s O e, O e, O e B e, O e, T s R e R e N e T e T e T e T e T e T e T e T e T e T e T e T e T e B e B e B e T e T e T e B e T s T e B e D e T e B

[

10

15

25

30

(115) JP 2007-259445 A 2007.10.4

According to a third aspect of the present invention
there is provided a method of receiving an orthogonal
frequency division multiplexing (OFDM) signal,
comprising: obtaining allocation information for the
received signal, said allocation information identifying
which one of a plurality of allocations of input symbols
to sub-carriers was applied by a transmitter of the
received signal to a group of input symbols carried by
the received signal; processing the received signal to
recover therefrom a group of output symbols; and
employing the obtained allocation information to reorder
the group of output symbols so that the output symbols
have the same order as the input symbols had prior to
application of said allocation by the transmitter.

In such a method the recovery of the group of output
signals does not require knowledge at the receiver of the
allocation that was selected by the transmitter.
Accordingly, the receiver complexity is not increased
significantly.

In one embodiment, the receiver detects one or more
rotational pilot symbols included in the received signal
by said transmitter, and derives said allocation
information for the received signal from a sub-carrier
position of at least one such detected rotational pilot
symbol. The recelver probably has a pilot symbol
detecting unit to detect regular pilot symbols included
in the transmitted signal for other purposes such as
channel estimation. Accordingly, it is cost-effective to
obtain the allocation information from further,
rotational pilot symbols.

When the transmitter applies a known set of phase
Adjustments to the imput symbols the receiver may
respective preselected phase adjustments to the output

symbols of the group to compensate for the phase
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adjustments carried out by the transmitter. If only a
single set of the preselected phase adjustments is
available to apply to any one group of the output symbols
the receiver complexity 1s not significantly increased
but the performance benefits are great, as noted above.

According to a fourth aspect of the present
invention, there is provided a receiver adapted to
receive an orthogonal frequency division multiplexing
(OFDM) signal, comprising: allocation information
obtaining means for obtaining allocation information for
the received signal, the allocation information
identifying which one of a plurality of allocations of
input symbols to sub-carriers was applied by a
transmitter of the received signal to a group of input
symbols carried by the received signal; processing means
for processing the received signal to recover therefrom a
group of output symbols; and reordering means for
employing the obtained allocation information to reorder
the group of output symbols so that the output symbols
have the same order as the input symbols had prior to
application of said allocation by the transmitter.

It will be appreciated by those skilled in the art
that the present invention may be implemented in hardware
or software or in a combilination of the two. For example,
each transmitter and each receiver mentioned above may
have a processor such as a digital signal processor (DSP),
or a computer, which operates according to a program.
According to other aspects of the present invention there
are provided programs adapted to be executed on the
processor or computer in such a transmitter or receiver
to cause it to carry out its functions. Such a program
may be provided by itself or on a carrier medium. The
carrier medium may be a recording medium such as a CD-ROM

or a transmission medium such as a signal.
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According to a fifth aspect of the present invention
there is provided an operating program which, when
executed by a processor in a transmitter adapted to
transmit an orthogonal frequency division multiplexing
(OFDM) signal, causes the transmitter to: receive a group
of input symbols based on which the transmitted signal is
to be generated; select, from among a plurality of
available allocations of input symbols to sub-carriers,
one allocation to apply to the received group of input
symbols, each said available allocation serving to
allocate the input symbols to respective sub-carriers in
a different way from each other available allocation, and
the allocation selection being based on predicted values
of a predetermined property of the transmitted signal for
different available allocations; and generate the
transmitted signal using the selected allocation.

According to a sixth aspect of the present invention
there is provided an operating program which, when
executed by a processor in a receiver adapted to receive
an orthogonal frequency division multiplexing (OFDM)
signal, causes the receiver to: obtain allocation
information for the received signal, said allocation
information identifying which one of a plurality of
allocations of input symbols to sub-carriers was applied
by a transmitter of the received signal to a group of
input symbols carried by the received signal; process the
received signal to recover therefrom a group of output
symbols; and employ the obtained allocation information
to reorder the group of output symbols so that the output
symbols have the same order as the input symbols had
prior to application of said allocation by the
transmitter.

The transmitter as described above may be included

in a Node-B (base station) of a wireless communication
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system or in a UE (user terminal or mobile station) of
such a system. Thus, according to a further aspect of
the present invention there is provided a base station of
a wireless communication system, said base station
comprising a transmitter embodying the aforementioned
second aspect of the presenl invention. According to a
further aspect of the present invention there is provided
a user terminal of a wireless communication system, said
user terminal comprising a transmitter embodying the
aforementioned second aspect of the present invention.
According to a further aspect of the present invention
there is provided a base station comprising a receiver
embodying the fourth aspect of the present invention.
According to a further aspect of the present invention
there is provided a user terminal comprising a receiver
embodying the fourth aspect of the present invention.

The input symbols may embody user data, or control
information such as pilot information, or a combination
of the two.

As mentioned in the introduction, each of the
previously-considered PAPR reduction techniques such as
SILM, PTS or TR seeks to directly minimise the PAPR of the
transmitted OFDM signals. However, simulations and
experiments have shown that an OFDM signal chosen from a
number of prospective OFDM signals because it has the
lowest PAPR may not be the best signal for transmission.
Any method which generally focuses on direct reduction of
PAPR does not necessarily take into account the
possibility of the existence of many peaks in the
vicinity of the maximum. That is, it is possible for one
prospective OFDM signal to have a slightly higher PAPR
than another prospective OFDM signal, but to have fewer
peaks in the vicinity of the maximum than that other

prospective OFDM signal. In that case, it is possible
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that the prospective OFDM signal having the slightly
higher PAPR may be more suitable for transmission than
the prospective signal having the slightly lower PAPR.

It is desirable to solve the above-mentioned
problems relating to existing techniques used in OFDM
transmitters. More particularly, it is desirable to
provide alternative methods, and transmitters operable to
employ such methods, for selecting a prospective OFDM
signal from a plurality of prospective OFDM signals such
that a preferred prospective OFDM signal is transmitted.

According to a seventh aspect of the present
invention, there is provided a transmission method for
use in an OFDM transmitter, the method comprising:
obtaining a plurality of indicators for a prospective
OFDM signal, each indicator of said plurality of
indicators being indicative of a magnitude of a
predetermined property of its prospective OFDM signal
expected at a respective signal time; identifying each
indicator of said plurality of indicators which indicates
that the expected magnitude at the signal time concerned
satisfies a predetermined condition; accumulating the
identified indicators; assessing the suitability of said
signal for transmission in dependence upon a result of
sald accumulation; and transmitting either said signal or
another prospective OFDM signal in dependence upon the
assessed suitability.

Previously-considered OFDM transmitters typically
seek to i1dentify a peak power in a prospective OFDM
signal. That is, such previously-considered transmitters
only seek to identify one peak and accordingly no
accumulation of identified indicators is required. Such
previously-considered transmitters may ignore, or not
take properly into account, the existence of other

important peaks in a prospective OFDM signal. Embodiments
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of the seventh aspect of the present invention, in
contrast, identify each indicator that satisfies a
predetermined condition, and accumulatc those indicators.
Accordingly, advantageously, such embodiments may take
into account a plurality of points (for example, a
plurality of peaks) in a prospective OFDM signal that may
be important when determining whether a particular OFDM
signal is suitable for transmission.

Preferably, the obtaining, identifying, accumulating
and assessing steps are carried out for a plurality of
prospective OFDM signals. That is, a method embodying
the present invention preferably assesses the suitability
of more than one prospective OFDM signal for transmission
by obtaining indicators for each of those signals. In
that case, such a method may transmit one of said
prospective OFDM signals in dependence upon the
respective suitabilities of those signals for
transmission. It will of course be appreciated that such
a method would preferably transmit the most suitable one
of those signals, although optionally such a method could
transmit another one of those signals if other factors
need to be taken into account.

Optionally, the predetermined condition is that the
magnitude of the indicator concerned is greater than a
predetermined threshold level. Alternatively, the
predetermined condition could be that the magnitude of
the indicator concerned is lower than a predetermined
threshold level. The predetermined condition could also
be that the magnitude of the indicator concerned 1is

within a predetermined range of values.

Preferably, each indicator is indicative of a power
level of its prospective OFDM signal. In this way, by

identifying indicators that exceed a predetermined
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threshold level, for example a power threshold level, a
method embodying the present invention can obtain an
estimate (i.e. the result of the accumulation) of what
proportion of particular prospective OFDM signal’s signal
power 1s above the threshold.

This 1is particularly advantageous if an amplifier in
the transmitter has a clipping level. A clipping level
may be understood to be a power level at which the
amplifier ceases to operate linearly, i.e. a power level
above which a prospcctive OFDM signal must be clipped in
order to ensure linear amplification of the so-clipped
signal. In that case, if the predetermined threshold
level is a clipping level of such an amplifier, each
accumulation result will give an indication of what
proportion of the corresponding prospective OFDM signal
will be clipped in the amplifier. Clearly, an increased
amount of clipping will lead to an increased BER (bit
error rate), which is disadvantageous. In that case, the
most suitable prospective OFDM signal may have the lowest
accumulation result, indicating that a low proportion of
the signal will be clipped in the amplifier.

Preferably, the power threshold level is set to be
higher than a clipping level of an amplifier in the
transmitter. This may limit the number of identified
indicators to a manageable level, and thereby enable the
processing burden on the transmitter, and the resistance
to the effect of noise in a practical amplifier to be
limited. Of course, the threshold level should be set so

that normally at least two indicators are identified.

OFDM transmitters are digital systems, and
accordingly prospective OFDM signals are defined at a
plurality of sample times. Preferably, a method

embodying the present invention obtains, for the or each
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prospective signal, an indicator for each such sample
time. This enables a high number of indicators to be
obtained, thereby to galn a detailed “picture” of the
signal concerned.

As mentioned above, when the predetermined threshold
level 1s a power threshold level, and the indicators are
indicative of a power level of the prospective OFDM
signal concerned, the power levels of the identified
indicators will each exceed the threshold by an amount.
That is, the magnitude of each identified indicator will
exceed the predetermined threshold level by a respective
“excess” amount. Preferably, therefore, the or each
accumulating step comprises summing the excess amounts
for the identified indicators for the prospective OFDM
signal concerned. This is preferable because the
accumulation result will then give an indication of an
amount of energy in the prospective OFDM signal concerned
that will be lost in the amplifier. The results may be
termed Accumulated Clipped Power (ACP) values in this
case.

Optionally, the or each assessing step comprises
comparing the result of the accumulation concerned with a
target value, and determining that the OFDM signal
concerned 1is suitable for transmission if that result is
below the target value. This may enable a series of OFDM
signals to be assessed in order, and the first acceptable
signal to be transmitted. This can be advantageous
because it is possible that the transmitter need not

consider all of a series of prospective OFDM signals.

Preferably, the or each assessing step comprises
comparing the result of the accumulation concerned with
the result of each other accumulation, and determining

that the OFDM signal concerned is suitable for
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transmission if that result is smaller than each other
result. This can be advantageous in that the signal
with the lowest accumulation result, for example the one
having the least accumulated clipped power (ACP) value,
may be transmitted.

One method embodying the present invention may
employ a phase adjustment technique in which at least two
prospective OFDM signals are formed from the same set of
symbols (data and/or pilot symbols) by applying a
different set of phase adjustments thereto. In that case,
the transmitting step preferably comprises employing the
set of phase adjustments corresponding to the signal to
be transmitted during operation of said technique. Such
a phase adjustment technique may be a selective mapping
(SLM) technique in which a phase vector u of a possible U
phase vectors is employed. A method embodying the
present invention may therefore enable a particular phase
vector of the U possible phase vectors to be chosen such
that the transmitted OFDM signal has a lower ACP value
than if it had been transmitted using any other of the U
possible phase vectors.

Another method embodying the present invention may
employ a phase adjustment technique in which two or more
prospective OFDM signals are formed from the same set of
data sequences by applying a different set of phase
adjustments thereto, wherein each. sequence of the set of
sequences 1s the inverse Fourier transform of a
corresponding sub-block of symbols (data and/or pilot
symbols), and wherein, for each such prospective OFDM
signal, each phase adjustment of the set of phase
adjustments concerned is applied to a different one of
said sequences. In that case, the transmitting step
preferably comprises employing the set of phase

adjustments corresponding to the signal to be transmitted
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during operation of said technique. Such a phase
adjustment technique may be a partial transmit sequence
(PTS) technique in which a set b of B possible sets of
phase factors (phase adjustments) is applied. A method
embodying the present invention may therefore enable a
particular set of phase factors of the B possible sets to
be chosen such that the transmitted OFDM signal has a
lower ACP value than if it had been transmitted using any
other of the B possible sets.

Yet another method embodying the present invention
may employ a reservation technique in which a plurality
of the available sub-carriers are reserved for signal
adjustment, wherein the or each prospective OFDM signal
is formed during a cycle of an iterative process
performed on an initial OFDM signal. The process may
comprise, in a first cycle, subtracting a signal having
no substantial frequency components in unreserved sub-
carriers from the initial OFDM signal to form one said
prospective OFDM signal and, in second and successive
cycles, subtracting the or another signal also having no
substantial frequency components in unreserved sub-
carriers from the prospective OFDM signal formed in the
preceding cycle to form another said prospective OFDM
signal. 1In that case, the transmitting step preferably
comprises stopping the iterative process so as to
transmit the prospective OFDM signal to be transmitted.
Such a reservation technique may be a tone reservation
(TR) technique in which a peak reduction kernel p having
values only in the reserved sub-carriers (or tones) is
used (possibly in a shifted, scaled, or phase-rotated
form) to iteratively clip successive prospective OFDM
signals until a suitable prospective OFDM signal is
obtained. A method embodying the present invention may

therefore enable the iterative process (e.g. a gradient
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algorithm) to be stopped such that the transmitted OFDM
signal has at least an acceptable ACP value.

According to an eighth aspect of the present
invention, there is provided an OFDM transmitter,
comprising: indicator obtaining means operable to obtain
a plurality of indicators for a prospective OFDM signal,
each indicator of said plurality of indicators being
indicative of a magnitude of a predetermined property of
its prospective OFDM signal expected at a respective
signal time; identification means operable to identify
each indicator of said plurality of indicators which
indicates that the expected magnitude at the signal time
concerned satisfies a predetermined condition;
accumulating means operable to accumulate the identified
indicators; assessing means operable to assess the
suitability of said signal for transmission in dependence
upon a result of saild accumulation; and transmitting
means operable to transmit either said signal or another
prospective OFDM signal in dependence upon the assessed
suitability.

According to an embodiment of a ninth aspect of the
present invention, there is provided a computer program
which when executed in an OFDM transmitter causes the
transmitter to carry out a method embodying the
aforementioned seventh aspect of the present invention.

It is envisaged that embodiments of the seventh to
ninth aspects of the present invention may be applied to
any OFDM transmitter as a tool for selecting a
prospective OFDM signal from a set of prospective OFDM
signals for transmission. That is, embodiments of the
seventh to ninth aspects of the present invention may be
used universally to replace, for example, the use of PAPR
measurements to select signals. Simulations show that the

use of an ACP value (as mentioned above) rather than a
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PAPR value as a tool for selecting a prospective OFDM
signal produces a better performance in an OFDM
transmitter, manifested for example in a reduced BER.

Reference will now be made, by way of example, to

5 the accompanying drawings, in which:

Figures 55 and 56 are flowcharts for use in explaining
operation of the transmitter of the twelfth embodiment.

Figure 5 shows parts of an OFDM transmitter
according to a first embodiment of the present invention.
In this embodiment, it is assumed that the transmitter is
adapted for wireless communication, but embodiments of
the present invention are also applicable to
communication systems having a wire connection between
the transmitter and the receiver. The transmitter 100 1is,
for example, a node B of a wireless communication system,
and the receilver (not shown) 1s, for example, a user
equipment (UE) of such a wireless communication system.

In Figure 5, elements which are the same as elements
of the Figure 1 transmitter described hereinbefore have
been given the same reference numerals. The transmitter

of Figure 5 differs from the transmitter of Figure 1 in
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that it includes a data allocation unit 102 and a control
unit 104.

As in the Figure 1 transmitter, a serial-to-parallel
converter 12 receives serial input symbols which, in this
embodiment, are assumed to comprise both data symbols DS
and pilot symbols PS. The data symbols DS may have
previously been subjected to coding, for example Turbo
coding with a coding rate of 1/2 or 3/4. The data
symbols and pilot symbols will also have previously been
modulated according to a predetermined modulation scheme,
for example quadrature phase shift keying QPSK.
Accordingly, the data symbols and pilot symbols may be
referred to as constellation symbols, each symbol having
a constellation point selected from one of the available
constellation points of the chosen modulation scheme.

The serial-to-parallel converter 12 forms groups of
N symbols and outputs the symbols X, to Xy-1 of cach group
in parallel. The group of symbols is supplied both to
the data allocation unit 102 and to the control unit 104.
The data allocation unit 102 also receives from the
control unit 104 an allocation control signal ACS
indicating an allocation of the input symbols X; to Xn-:
chosen by the control unit for the particular group of
input symbols X; to Xy-1.

The data allocation unit 102 has N symbol outputs
RXy to RXny-1. Each symbol X, to Xy.; is mapped exclusively
to a different one of the symbol outputs RXp; to RXy1 in
accordance with the allocation control signal ACS.
Accordingly, the data allocation unit 102 operates to
reorder (or "shuffle") the symbols X; to Xy-1.

The control unit 104 sets the allocation control
signal ACS in each transmission period (here a

transmission period is an OFDM symbol period, i.e. N x Tq
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where T; is the symbol period of the data symbols DS and
pilot symbols PS).

The control unit 104 in this embodiment estimates a
PAPR performance for each of two or more available
allocations of the symbols of the group to symbol outputs
of the data allocation unit 102. There are a maximum of
N! possible allocations that could be considered by the
control unit 104. However, in practice, in order to
reduce the processing burden on the control unit and
signalling overhead (explained later), the number of
allocations which are available for selection by the
control unit 104 may be limited to much less than N! For
example, effective results can be achieved even if the
number of allocations considered is around N, and some
improvement will be obtained even if the number of
allocations considered is just 2.

A preferred way to estimate the PAPR performance for
each available allocation is to calculate a potential
transmitted signal using equation (2) set out
hereinbefore. Then, for each available allocation, a
measure of the PAPR of the potential transmitted signal
may be obtained using equation (3) described above.
Incidentally, instead of using equation (3) to obtain a
measure of PAPR, it is possible to use a different
measure, referred to as an Accumulated Clipped Power
(ACP) measure, as described in detail with reference to
Figure 43 to 56 below. It will be appreciated that,
instead of producing values of PAPR or ACP, predicted
values of any other suitable property of the transmitted
signal can be obtained. For example, the property of the
signal may be a measure of non-linear behaviour of the
amplifier when the transmitted signal is generated based

on the particular available allocation.
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The control unit 104 compares the respective PAPR
measures for the available allocations and selects the
allocation which has the lowest PAPR. The control unit
104 outputs the allocation control signal ACS identifying
the selected allocation.

The data allocation unit 102 applies the selected
allocation to the group of symbols X; to Xy-1 and supplies
reordered symbol outputs RXy, to RXy.1 according to the
selected allocation to an IFFT processing unit 14. The
IFFT processing unit performs N-point IFFT processing on
the reordered symbol outputs RXp, to RXy-1 to produce IFFT
output signals rx; to rxy-i1. Incidentally, although in
this and other embodiments of the present invention the
processing is IFFT processing, it will be understood that
in other embodiments the processing may be inverse
discrete Fourier transform (IDFT) processing instead.

The parallel IFFT output signals rx; to rxy.. are
then converted by a parallel-to-serial converter 16 into
a series of time-domain samples of the transmitted signal.
Thereafter, the time-domain samples are subjected to the
further processing described previously with reference to
Figure 1 (addition of cyclic prefix, windowing, digital-
to—-analog conversion and RF conversion).

Of course, if the control unit 104 predicts PAPR
values for each available allocation by applying full
IFFT processing to calculate the potential transmitted
signal, the control unit will have already calculated the
IFFT output signals rx; to rxy.; for all available
allocations including the selected allocation.
Accordingly, in this case, there 1s no need for a
separate IFFT processing unit 14, and the control unit
104 can itself supply the IFFT output signals rx; to rxy i
for constructing the final transmitted signal

corresponding to the selected allocation.
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It will be appreciated that in the IFFT processing
unit 14 each of the symbol outputs RXg to RXy.1 is
assocliated exclusively with a corresponding one of the N
sub—-carriers. The effect of the operation of the data
allocation unit 102 and the control unit 104 is that the
group of input symbols X; to Xy-1 can be allocated to the
set of sub-carriers in a flexible way. The allocation of
input symbols to sub-carriers can vary from one group to
another. Thus, in contrast to the Figure 1 transmitter,
there is not a single invariant allocation of input
symbols to sub-carriers.

In the first embodiment, by selecting one particular
allocation of the input symbols of a group to sub-
carriers from among two or more available allocations
based on a comparison of respective PAPR performances
achievable by the allocations concerned, a valuable
improvement in PAPR performance can be obtained. This
improvement can be obtained even if no further processing
is carried out to reduce the PAPR, for example post—-IFFT
processing as in the PTS method described above with
reference to Figure 2 or the gradient algorithm described
with reference to Figure 4. Thus, in some cases, it may
be possible to avoid carrying out any post—IFFT
processing to reduce the PAPR, and rely exclusively on
selecting a particular input-symbol/sub-carrier
allocation to achieve adequate PAPR reduction.

Next, an OFDM transmitter 110 according to a second
embodiment of the present invention will be described
with reference to Figure 6. In the second embodiment,
the allocations of input symbols to sub-carriers are
limited to "regular" circular allocations. In other
words, the allocations are carried out by rotating (or
circularly shifting) the entire group of input symbols Xg

to Xn-1 to produce the reordered symbol outputs RX; to
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RXny-1. Accordingly, as shown in Figure 6, in place of the
data allocation unit 102 in Figure 5, the Figure 6
transmitter 110 has a circular data allocation unit 112.
The circular data allocation unit 102 receives a rotation
value Repa which determines the amount by which the unit
is to rotate the input symbols Xy to Xy.1. For example,
if Repa = 1, then RXy = Xy.1, RX; = Xy, and so on. Thus,
the rotation value Repan 1s equivalent to the allocation
control signal ACS described previously with reference to
Figure 5.

The use of circular data allocation as in the second
embodiment has a number of advantages. A first advantage
is that because the number of rotations is N, the maximum
number of available allocations requiring calculation is
also N, which is usually desirably small. Of course, not
all possible rotation values need to be available. For
example, the number of available rotations could be
restricted to less than N. A second advantage is that
the circular data allocation unit 112 can be implemented,
either in hardware or in software, in a very simple
manner. A third advantage is that, because the number of
available rotations is at most N, the signalling overhead
to signal the rotation value Repa to the receiver (if
required) as side information can be desirably small.

A further advantage which can be achieved when the
allocations of input symbols to sub-carriers are
rotations will be explained with reference to Figure 7.

Firstly, referring to Figure 6, the circular data
allocation unit 112 in Figure 6 performs a rotation
operation which, mathematically, can be represented by an

operator R(.) so that

Cr —_—R(C,}‘) (4)
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Here, (C7 1is the rotated vector of constellation symbols

so that for example:

C='=(cy1 co - ey_a) (5)

For each rotated vector (available rotation) a potential

transmitted signal can be determined as

N -1
1 J 2znAf
s" () =—=) c] ., 0<r<T

Then, the PAPR of each potential transmitted signal is
determined using equation (8) and the rotation value that
optimises the PAPR is selected as the best circular

allocation, i.e.

Rcpy = min (4,) (7)
r
so that
2
max sr(t)’
&r = 2 (8)
Ells" 0|}
The equations (6), (7) and (8) are implemented by

the control unit 114. At first sight, it would appear
that equation (6) requires a full IFFT operation for each
different possible rotation value.

However, it is possible to take advantage of the
circular allocations in the second embodiment to simplify
the way in which equation (6) is calculated.

Each digitised sample of the OFDM signal for a
particular rotation value r can be expressed in the

discrete domain as
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where Ts 1is the sampling period and ns is the sample
number. Then the samples for the next rotation value r +

1l can be determined simply as

Sm:[sr R (cg lejzﬂ(N—l)AfT:ns)]ej27fAfons o
n, n, N - .
VN

1 jzmﬁsns)

e

+

Accordingly, once the IFFT output signals have been
obtained for the input symbols X; to Xy.; without any
rotation (i.e. for r = 0), the required samples of the
OFDM signal for all further rotation values (i.e. r = 1
to N-1) can be obtained recursively using equation (10).

Figure 7 shows one example implementation of the
control unit 114 of Figure 6 in which the recursive
operation is exploited. The control unit 114 in this
preferred implementation comprises an IFFT processing
unit 116, a recursive operation unit 118, a PAPR
calculation unit 120 and a selection unit 122. The IFFT
processing unit 116 receives the input symbols X, to Xy
and subjects them to N-point IFFT processing using
equation (9) to produce IFFT output signals for r = 0.
These IFFT output signals constitute the set of digitised
samples of the OFDM signal for r = 0 and are supplied to
the recursive operation unit 118.. The recursive
operation unit 118 then determines, using equation (10),
the set of digitised samples for each of the rotation
values r = 1 to r = N-1.

The sets of digitised samples for all the rotation
values are then supplied to the PAPR calculation unit 120
which calculates a measure of PAPR for each rotation

value based on the supplied set of samples for that value.
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This may be determined using equation (8). The PAPR
measures ,, are applied to the selection unit 122 which
compares the PAPR measures and selects, as the rotation
value Repa, the rotation value of the rotation having the
lowest PAPR measure.

In the second embodiment, the transmitter 110 may
transmit the rotation value Repya to the receiver(s) as
side information. The side information may need to be
protected in some way in order to ensure that it is
received reliably by the receiver. Transmission of the
rotation value explicitly is applicable even in hostile
environments, for example in fast-changing fading mobile
environments (outdoor, RAN, LCE UTRAN, 4G), as well as in
less volatile and more static fading channels (indoor,
WiMAX, Wireless LAN, Hyperlan, etc).

Next, a transmitter 130 according to a third
embodiment of the present invention will be described
with reference to Figure 8. The transmitter 130 differs
from the transmitter 110 of the second embodiment in the
way in which the rotation value Repa is signalled to the
receliver (s) . In place of the circular data allocation
unit 112 of the second embodiment, the third embodiment
has a circular data allocation and pilot insertion unit
132.

In the third embodiment, the group of input symbols
output in parallel by the serial-to-parallel converter 12
is made up of N-1 input symbols X, to Xy, as opposed to
N symbols as in the second embodiment. The circular data
allocation and pilot insertion unit 132 receives this
group of N-1 input symbols, and also receives an
additional pilot symbol PS,,+ which is different from any
pilot symbols included in the transmitted signal for

other purposes, for example channel estimation purposes.
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These other pilot symbols are shown as "regular" pilot
symbols PS;.q in Figure 8.

The transmitter 130 also comprises a control unit
134 which is generally similar to the control unit 114 in
the second embodiment and, for example, may be
constituted as described previously with reference to
Figure 7. The control unit 134 receives the group X; to
Xn-2 0of input symbols, and also receives the rotational
pilot symbol PSyct.

The basic operation of the third embodiment is
illustrated in Figure 9. Figure 9 shows how the group of
input symbols and the rotational pilot symbol PS,.: are
allocated to the N sub-carriers for each of the rotation
values r = 0, r = 1 and r = 2. As can be seen from
Figure 9, when r = 0, the rotational pilot symbol PS..:
appears as symbol output RXp, and is allocated to sub-
carrier 0. When r = 1, the rotational pilot symbol PS..
appears as symbol output RX; and is allocated to sub-
carrier 1. When r = 2, the rotational pilot symbol PS..t
appears as symbol output RX;, and is allocated to sub-
carrier 2. The group of N-2 input symbols (which, as
noted above may include regular pilot symbols PS,.q as
well as data symbols) appear in order on the remaining
sub~carriers following the sub-carrier to which the
rotational pilot symbol PS,.t is allocated.

At the or each receiver, as described later in more
detail, the received signal is subjected to N-point fast
Fourier transform (FFT) processing to recover the N-1
original symbols of a group as well as the rotational
pilot symbol PS,.:. The receiver detects the sub-carrier
position of the rotational pilot symbol PS.,. within the
FFT output signals, and determines the rotation value Repa
based on the detected position. Then, the receiver

discards the rotational pilot symbol PS,,:+ and applies a

.4
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reverse rotation to the remaining N-1 recovered symbols
to restore them to their original order.

The rotational pilot symbol scheme described with
reference to Figure 9 is adequate in systems where the
fading is less severe, for example indoor applications
such as wireless LAN or end-user applications such as
WiMAX. 1In such systems, the statistical behaviour of the
pilot symbols is similar to that of the data symbols.

However, when the fading is more severe, it is
possible to increase the robustness of the Figure 9
scheme. For example, in a first alternative scheme
illustrated in Figure 10, there is still a single
rotational pilot symbol PS,.+ but this rotational pilot
symbol 1s given a slightly higher power than the data
symbols. The impact on PAPR of increasing the power of
the rotational pilot symbol is negligible.

In a second alternative scheme illustrated in Figure
11, four rotational pilot symbols PS,,+ are included in
each OFDM symbol. The positions of these rotational
pilot symbols are indicated by hatching in Figure 11. 1In
addition, in the Figure 11 scheme, every ninth sub-
carrier is used to transmit a regular pilot symbol PS,.4.
As indicated earlier, these regular pilot symbols may be
used for purposes other than signalling the rotation
value, such as channel estimation. These regular pilot
symbols are indicated by shading without hatching in
Figure 11. As can be seen, these regular pilot symbols
are rotated in the same way as the data symbols. The use
of two blocks of rotational pilot symbols (having the
same power as the data symbols) can be effective in
outdoor applications having more severe fading conditions.

Figure 12 shows a third alternative scheme in which
two groups of rotational pilot symbols are used as in

Figure 11 but the rotational pilot symbols have a

.4
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slightly higher power than the remaining data symbols and
the regular pilot symbols. 1In this case, the amount by
which the power of each of the four rotational pilot
symbols is increased can be less than the amount by which
the single rotational pilot symbol was increased in power
in the Figure 10 scheme. The Figure 12 scheme offers
further robustness compared to the Figure 11 scheme.

A fourth alternative scheme 1s to employ a
combination of any one of the schemes of Figures 9 to 12
together with explicit signalling of the rotation value,
as described previously in relation to the second
embodiment. This is more costly in terms of control
signalling overhead, but provides the maximum robustness.

In some OFDM systems, especlally systems with a
large number of sub-carriers (a few hundred or more),
multiple regular pilot symbols can be arranged in a
pseudo-random pattern across the sub-carriers. In such
systems, the start position of the pseudo-random pattern
can be used to indicate the rotation value Repa. The
receiver in such systems is adapted to detect the start
position of the pseudo-random pattern in the FFT output
signals, and can determine the rotational value Rcpx from
the start position.

Next, an OFDM receiver 200 adapted for use with the
OFDM transmitter of the first embodiment will now be
described with reference to Figure 13.

In the receiver 200, the signal transmitted by the
transmitter 100 is received at an antenna 202. The
received RF signal is converted to a baseband signal and
subjected to analog to digital conversion in an analog-
to-digital converter (ADC) 204. The cyclic prefix added
in the transmitter is also removed. The resulting signal
is supplied to a serial-to-parallel converter 206 which

supplies N discrete time—-domain samples rx, to rxy.; Lo an



T T e T e T e T e T e O e O e O s O e, O e, O e B e, O e, T s R e R e N e T e T e T e T e T e T e T e T e T e T e T e T e T e B e B e B e T e T e T e B e T s T e B e D e T e B

[

15

20

25

30

(138) JP 2007-259445 A 2007.10.4

FFT processing unit 208. The FFT processing unit 208
performs an N-point FFT operation on the samples rxq, to
rxy-1 and outputs a group of N symbols RXp to RXy-;. It
will be appreciated that these symbols RXy to RXy-1
correspond respectively to the symbols RXp; to RXy-:
generated by the data allocation unit 102 in the
transmitter. Also, as mentioned above, the processing in
the receiver may be discrete Fourier transform (DFT)
processing instead of FFT processing.

The receiver 200 further comprises a data allocation
unit 210 which corresponds generally to the data
allocation unit 102 provided in the transmitter. However,
the data allocation unit 210 reverses the reordering of
the symbols that is carried out by the data allocation
unit 102 in the transmitter, and therefore it operates to
carry out a reverse allocation to that carried out in the
transmitter. The data allocation unit 210 receives the
allocation control signal ACS (or a signal derived
therefrom) as produced by the control unit 104 in the
transmitter. The signal ACS may be signalled explicitly
to the receiver as side information. Alternatively, as
described below with reference to Figure 14, the ACS
signal (or, for example, the rotation value Rcpa) may be
obtained by detecting the positions of one or more
rotational pilot symbols included by the transmitter
amongst the symbols.

As can be seen from Figure 13, the receiver 200 can
operate in a straightforward and simple manner. 1In
particular, it is unnecessary for the receiver 200 to
have knowledge of the input-symbol-to-sub-carrier
allocation selected by the transmitter in order to carry
out the FFT processing. Accordingly, the receiver does
not require extra processing compared to a conventional

receiver and the only extra operation is the reverse
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allocation operation needed to restore the symbols to
their original order.

Figure 14 shows parts of an OFDM receiver 220
adapted for use with the OFDM transmitter 130 of the
third embodiment (Figure 8). Elements which are the same
as elements in the Figure 13 receiver have the same
reference numerals and no further details of these
elements are provided here. The Figure 14 receiver has a
circular data allocation unit 222 in place of the data
allocation unit 210 of Figure 13. Also, the receiver 220
includes a rotational pilot detection unit 224.

The circular data allocation unit 222 corresponds
generally to the circular data allocation and pilot
insertion unit 132 of the transmitter 130. The circular
data allocation unit 222 receilves the rotation value Rcepa
selected by the control unit 134 in the transmitter 130
and performs a reverse allocation of the symbols RXp to
RXy-1 to reproduce the group of original symbols X to Xy-z.
The rotational pilot symbol PS,.t is discarded by the
circular data allocation unit 222 in this example.

The rotational pilot detection unit 224 comprises a
decoder for decoding at least the rotational pilot symbol
PS,.t based on the symbol outputs from the FFT processing
unit 208. The unit 224 then detects the position of the
rotational pilot symbol. Based on the detected position
of the rotational pilot symbol PS.,+ the rotational pilot
detection unit 224 outputs the rotation value Repa to the
circular data allocation unit 222.

Incidentally, as the receiver has no prior knowledge
of the position of the rotational pilot symbol PS,. the
detection unit 224 must in practice examine and decode
all the received symbols including symbols which carry
data and regular pilot symbols. Accordingly, the
detection unit 224 may contain a full OFDM symbol
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detector, in which case no separate further decoder is
required after the data allocation unit 222, for example
in the block 212.

In the second and third embodiments described above,
the available allocations are limited to "regular"
circular allocations (rotations) which apply the same
circular shift r to all input symbols. As noted
previously, this has the advantage that the number of
available allocations can be desirably small (at most N),
keeping the processing burden on the transmitter
manageable and keeping any side information desirably
compact. However, if extra processing power is available
in the transmitter, and overhead for side information is
also available, it is possible to carry out "irregular"
circular allocation (irregular rotations) which do not
apply the same circular shift r to all input symbols.

For example, further available allocations may be based
on rotating only even-numbered input symbols and
maintaining the odd-numbered input symbols in the same
positions. This will increase the number of available
allocations by N/2-1. 1In this way, the size of the
search space in equation (7) 1is increased from N
avallable allocations (the N regular rotations including
r = 0) to (3N/2)-1 availlable allocations. This will lead
to better PAPR reduction performance,.

Another possibility is to sub-divide each group into
a plurality of sub-groups and to apply independent
rotations to the input symbols of each sub-group.

Next, an OFDM transmitter 240 according to a fourth
embodiment of the present invention will be described
with reference to Figure 15. The constitution of the
Figure 15 transmitter 240 is generally similar to the
constitution of the transmitter 110 of the second

embodiment of the present invention and elements which
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are the same have the same reference numerals as in
Figure 6.

The transmitter 240 of Figure 15 differs from the
transmitter of Figure 6 in that a phase adjustment unit
242 is inserted between the serial-to-parallel converter
12 and the circular data allocation unit 112.

The phase adjustment unit 242 receives a group of N
input symbols (Xp to Xy-1) and adjusts the respective
phases of the input symbols using a known fixed randomly-
generated phase vector P. This phase vector has N phase
elements ,,, each of which corresponds to a different one
of the sub-carriers and sets a phase adjustment to be
applied by the phase adjustment unit 242 to the input
symbol allocated to the corresponding sub-carrier. The
phase adjustment unit 242 outputs a group of phase-
adjusted symbols PX, to PXy.,, where PX = P ® X,

In the time domain, the output of the phase

adjustment unit 242 can be represented as
N -1
1 J 2t +p,)
s(t):————che . 0<t<T (11)
VN =0

where liz represents a phase vector of dimension N.

The control unit 114 and the circular data
allocation unit 112 in this embodiment receive the group
of phase-adjusted symbols PX; to PXy-1 rather than the
original input symbols as in the second embodiment. The
control unit 114 calculates, for cach available
allocation of the phase—adjusted symbols to the sub-
carriers, a PAPR measure. These measures are then
compared for the different allocations, and the
allocation which has the lowest PAPR measure 1s selected.
The circular data allocation unit 112 is informed of the

selected allocation using the rotation value Rcgpa and
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reorders the phase-adjusted symbols PXy, to PXy.1 to
produce reordered symbol outputs RXy, to RXy.1. Thereafter,
the processing in the IFFT processing unit 14 and the
parallel-to-serial converter 16 is the same as in the
second embodiment.

The final transmitted signal reflects the rotation

value selected

IA

Ry  (2anAfi + 8,)
sr(t)=WZ:Oc,rzej Mh , 0<t<T (12)
The selected Reps is then signalled to the receiver
either through pilots or through control signalling.

Figure 16 shows parts of an OFDM receiver 250
adapted for use with the OFDM transmitter 240 of the
fourth embodiment. The receiver 250 is generally similar
to the receiver 220 adapted for use in the third
embodiment (Figure 14) and elements in Figure 16 which
are the same as those in Figure 14 have the same
reference numerals.

The receiver 250 differs from the receiver 220 of
Figure 14 in that a phase adjustment unit 252 is inserted
between the FFT processing unit 208 and the circular data
allocation unit 222.

In the FFT processing unit 208 the FFT output signal

for the sub-carrier n can be represented as
_ r,JiB
r, = H ,c,e’”" + n,

n

(13)

where H, represents the frequency response of the fading
channel of sub-carrier N and n, represents complex
Additive White Gaussian Noise (AWGN) .

The phase adjustment unit 252 receives the FFT
output symbols RXp; to RXy-; and, using its knowledge of

the phase vector P applied at the transmitter, applies
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reverse phase adjustments to the sub-carriers to produce
phase-adjusted reordered symbols PRXp; to PRXy-:. The
operation performed by the phase adjustment unit 252 may
be represented in the frequency domain by PRX = RX ® p,
where P’ is the complex conjugate of the known vector P
used in the transmitter.

The rotational pilot detection unit 224 determines
the position of the rotational pilot(s) within the group
of phase-adjusted reordered symbols PRXp, to PRXy.1. The
rotational pilot detection unit 224 derives the rotation
value Repa from the detected position(s) and applies this
value to the circular data allocation unit 222. The unit
222 applies the reverse allocation to the phase-adjusted
reordered symbols RXy to RXy-1 as compared to the
allocation carried out in the transmitter, and outputs
the symbols Xy to Xy-z in the original order. Thereafter,
the processing is the same as in the Figure 14 receiver.

As described later in more detail, the fourth
embodiment can achieve a PAPR reduction performance
vastly superior to that of the second embodiment and even
superior to techniques such as conventional SLM having U
(greater than N) phase vectors.

One problem with conventional SLM is that any
increase in the number U of available phase vectors
increases the transmitter complexity and the amount of
signalling overhead needed to transmit the identity of
the selected phase vector to the receiver as side
information. In the fourth embodiment, the transmitter
complexity is relatively low (only slightly higher than
in the second embodiment). 1In particular, only one set
of complex multipliers is required to implement the phase
adjustment unit 242. Also, because the calculation of
the potential transmitted signal for each rotation value

can be performed recursively, as described in relation to
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the second embodiment (Figure 17), only one full IFFT
operation is required.

Table 1 below presents a comparison of the features
and performance of: (1) the second embodiment (U
rotations but no phase adjustment); (2) the conventional
SLM technique having U phase vectors (see Figure 3 and
the related description in the introduction); and (3) the

fourth embodiment (U rotations with a single

predetermined phase adjustment). For (1) and (3), U < N.
Table 1
Proposed Complexity Probability of | Multipliers Need for BER
Technique PAPR Used extra Performance
Reduction Full FFT
operations
1. 2nd | Very Low Moderate None None Moderate
Embodiment
2. SLM (with | High Good U sets Needs U Good
U Phase full IFFT
vectors
3.4" Lower than Better than One set None Better than
Embodiment | 2, higher 1and 2 1and 2
than 1

Using simulations, the performances of the preceding
embodiments of the invention were compared with (a) a
system in which the amplifier has clipping but no PAPR
reduction technique and (b) a conventional SLM method
having the same number U of phase vectors as there are
availlable allocations (rotations) in the embodiments of
the invention. The assumptions made for the simulations

are set out in Table 2 below.

Table 2

Parameter Value

Total number of sub carriers 256,512
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Synchronisation Perfect

Modulation 16 QAM

Sampling rate 512, 1024 samples per symbol
Clipping Level 2dB

Sub carrier spacing 19.5 KHZ

Channel AWGN

Number of CDA Rotations N (including r = 0)

Rotation Type Regular Only

In a first simulation, the performance of the second
embodiment (b) was simulated and compared to that of the
system (a) having no PAPR reduction. Figure 17 presents
the performance of the compared systems in terms of a
variation of a bit error rate (BER) with signal-to-noise
ratio (Eb/No) in the case in which there are 512 sub-
carriers. Figure 18 is a graph corresponding to Figure
17 but comparing the performance of the systems when the
number of sub-carriers is 256. In both Figures 17 and 18
the modulation scheme is 16QAM.

It will be observed that, in terms of PAPR reduction,
the second embodiment achieves reductions of 0.9 dB to
1.5 dB in PAPR using regular rotations. If irregular
rotations are also available, the PAPR reduction that is
achieved can exceed 2dB. Although the achieved
performance improvement is relatively modest, the second
embodiment has extreme simplicity compared to techniques
such as SIM and PTS and no capacify waste as in the TR
technique. Accordingly, the second embodiment is
attractive in situations in which the PAPR is less
critical but processing complexity of techniques such as
SLM or PTS and the capacity loss of TR cannot be afforded.

In a second simulation, the performance of the
fourth embodiment (d) was compared with that of the

second embodiment (c¢), the system (a) having no PAPR
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reduction and the system (b) using SLM. Figure 19
presents the performance of the compared systems in terms
of a BER variation with signal-to-noise ratio in the case
in which the number of sub-carriers is 256, the number of
available rotations in the second embodiment (c) is 256,
and the number of available rotations in the fourth
embodiment (d) is 16.

It can be seen that the fourth embodiment out-
performs the system (b) when the number of rotations (in
this case 16) is the same as the number of phase vectors
in the SLM method. The out-performance of the fourth
embodiment compared to SLM can be explained as follows.
The superposition of N rotations and one randomisation is
equivalent to N random phase vectors. However, unlike in
SIM, there i1s only one fixed random phase vector to be
applied to the sub-carriers and Lhis is known to both the
transmitter and the receiver so that no signalling
overhead, no memory and no multipliers are required.
Secondly, since data changes from one OFDM symbol to the
next, the superposition of random phase adjustment and
rotation constitutes a variable overall phase pattern
which is more powerful than SLM which has only fixed
phase patterns in both the transmitter and the receiver.
Thirdly, the phase vectors in SLM are generated randomly
and do not exploit the best possible allocation of input
symbols to sub-carriers. In the fourth embodiment, the
phase adjustments set by the single known phase vector
are shuffled to create different overall phase patterns.
Not only are the final shuffled phase patterns random but
they also exploit the best possible shuffling or
allocation of input symbols to sub-carriers. For this
reason, the use of circular data allocation (CDA) with a
single random phase adjustment beats the SLM method in

terms of PAPR reduction performance with much less
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complexity (up to N*(U-1) less multipliers than SLM) and
less complicated signaling, i.e. the possibility of
signalling through rotational pilots which is impossible
for SLM.

If sufficient processing power can be afforded in
the OFDM system, it is possible to combine the CDA method
of any of the preceding embodiments with the SLM method.
As menticned in the introduction, the size of the search
space (the number of available phase vectors) needs to be
high in a conventional SILM method to achieve a reasonable
PAPR performance improvement. This implies immense
processing power and signalling overhead for both the
transmitter and the receiver. The aim is to exploit the
PAPR reduction potential of CDA to enhance the
performance of the SLM method. For example, one
possibility is to exploit the PAPR reduction achieved by
CDA to reduce the number of phase vectors needed in SLM.
Alternatively, the number of phase vectors in SLM can be
maintained, with CDA being used to further improve the
PAPR performance of the overall combined system.

Figure 20 shows parts of an OFDM transmitter 300
according to a fifth embodiment of the present invention.
The constitution of the transmitter 300 of the fifth
embodiment is generally similar to that of the
transmitter 110 of the second embodiment, and elements in
Figure 20 which are the same as those in Figure 6 have
the same reference numerals.

The transmitter 300 of the fifth embodiment differs
from the transmitter 110 of the second embodiment in that
a combined SLM and CDA unit 302 is used in place of the
circular data allocation unit 112 in the transmitter 110.
This combined SLM and CDA unit 302 receives two control
signals. One of these control signals is the rotation

value Repa 0f the selected input-symbol-to-sub-carrier
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allocation, as in the seccond embodiment. The second
control signal is the identity usiy of a phase vector
selected for SLM. As described in more detail later, the
combined SLM and CDA unit 302 adjusts the phases of the
group of input symbols X, to Xy; using the selected phase
vector Pyswy by the SLM method and also carries out a
circular allocation of the input symbols to sub-carriers
sO0 as to produce the reordered symbol outputs RX; to
RXy-1. Subsequently, the reordered symbols are subjected
to IFFT processing in the IFFT processing unit 14 and the
remaining processing in the transmitter is the same as in
the second embodiment.

In the fifth embodiment, the transmitter 300 has a
control unit 304 which differs from the control unit 114
in the second embodiment in that not only must it select
a suitable rotation value for carrying out input-symbol-
to-sub-carrier allocation but also it must select a
suitable phase vector for SLM. There are a number of
different approaches available to carrying out these two
selections.

In the first approach, illustrated schematically in
Figures 21(A) and 21 (B), all combinations of available
allocation (rotation) and available phase vector are
considered and the best phase vector for SLM and the best
allocation are selected together. 1In Figure 21 (A7) all
the available allocations (rotations) r = 1 to , are
considered for each available phase vector P; to Py. The
control unit 304 then picks the best combination, i.e.
the combination that achieves the best PAPR performance.
In the approach of Figure 21(B), all of the available
phase vectors P; to Py are considered for each available
allocation (rotation) r =1 to ,. The control unit 304
then picks the best combination, i.e. the combination

which has the best PAPR performance.
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Mathematically, the operations needed in the control
unit to carry out the approaches of Figures 21(A) and
21 (B) can be represented by equations (14) to (16) below.
The contrel unit 304 needs to calculate a potential
transmitted signal for each combination of a phase wvector

P, and a rotation value r:

N -1
1 j 2rnAft +¢))
Sr(t):_ Cr n’ OStST7u=]"'U7 r:l-..ﬂ
‘ \/]\72,1:0 "€ v

where r represents the number of rotations performed by
CDA. Then the PAPR measure for the potential transmitted

signal is determined as

2
max sZ(t)'

(15)

2
Ef s,:(f)| )

The best combination of phase vector and allocation
of input symbols to the sub carriers then is determined

as:
~ : Ia
(u.Repy )=min (£7) 6
u.,r

It will be appreciated that in the approaches shown
in Figures 21(A) and 21 (B), the number of potential
transmitted signals that needs to be calculated is equal
to U*,, where U i1s the total number of available phase
vectors and , is the total number of available
allocations (rotations) . In the case shown in Figure
21(B) this requires U*, full IFFT operations. In the
case of Figure 21(A), it 1s possible to employ the
recursive operation of equation (10) above to reduce the
number of full FFT operations that are required to U.
However, the number of recursive operations required is

U*(,-1), which is still very demanding.
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Taking into account the processing demands of the
first approach, an alternative is to adopt a serial
approach, as will now be described with reference to
Figures 22 (A) and 22 (B). In the first possible serial
approach of Figure 22 (A), the control unit 304 first
calculates for each of the available phase vectors a
potential transmitted signal based on the original input-
symbol order. Mathematically, the potential transmitted

signal can be represented as
N -1 -
1 Jj QrAft +¢2)
s(t):—,_che M ., O0<e<T (17)
N =0

where C=*q, o e CN4) represents a vector of N
constellation symbols from a constellation and U is the

available phase vector under consideration. For the

signal s(t) the PAR is given by:

_ max st

= 18
Eqsﬂﬂz} e

The control unit 304 then compares the respective
PAPR measures for the U available phase vectors P; to Py
and selects the phase vector

P =[ej¢§,ej¢r,~-,ej¢ﬁ4]
U SLM (19)

that minimises the PAPR assuming thatd; €(©02z], ue{0l..U-1}

After selecting the best phaée vector for SLM, the
control unit then considers the available allocations
(rotations) in combination only with that selected phase
vector Pusmm. For each such available allocation, the
control unit 304 calculates a potential transmitted
signal as

N-I U
1 (2 SLM
s’(t)=—~——zcrfe](7mAﬁ+¢” ' os<i<r

VN =,
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Then for each such potential transmitted signal the PAPR
measure ¢, 1s determined and the rotation that minimises

the following metric

min (¢, ) (21)
r

is selected as the best circular allocation or rotation
value -R(ZDA for maximising the PAPR.

A second possible serial approach is shown in Figure
22(B). In this second approach, the control unit 304
first selects the best rotation based on the original
phases of the input symbols. Then, the control unit 304
simply selects that one of the U phase vectors which, in
combination with the selected rotation value Rcpa,
achieves the best PAPR reduction.

In the case of Figure 22 (A), the calculation of each
potential transmitted signal for the selected phase
vector can be carried out using the recursive operation
described above with reference to equation (10), so that
the processing burden is further reduced. In this case,
the processing burden is made up of U full IFFT
operations (to select the best phase vector) and ,-1
recursive operations (to select the best rotation for the
selected phase vector).

It will be appreciated that in the serial approaches
of Figures 22 (A) and 22(B) the number of potential
transmitted signals to be considered is reduced to (in
each case) U + N potential transmitted signals. This is
a considerable reduction in complexity compared to the
approaches of Figures 21(A) and 21 (B). However, of
course the solutions provided by the approaches of
Figures 22 (A) and 22 (B) are sub-optimal solutions, i.e.

there may be better solutions available within the full



T T e T e T e T e T e O e O e O s O e, O e, O e B e, O e, T s R e R e N e T e T e T e T e T e T e T e T e T e T e T e T e T e B e B e B e T e T e T e B e T s T e B e D e T e B

[

10

15

20

25

30

(152) JP 2007-259445 A 2007.10.4

set of combinations of available phase vectors and
available rotations.

It will be understood that, in the fifth embodiment,
the receiver needs to be informed not only of the
rotation value Repa but also of the identity usiw of the
selected phase vector. A first possibility, shown
schematically in Figure 23, is to signal the identity usw
explicitly to the receiver as side information, whilst
using rotational pilot symbols PS,.+ at appropriate
positions within the set of sub-carriers to signal Repa to
the receiver. Any of the schemes described previously
with reference to Figures 9 to 12 can be adopted to
signal Rcpa.

In Figure 23, an OFDM receiver 310 comprises an SLM
OFDM receiving unit 312. The SLM receiver unit 312
receives the identity usinw 0f the phase vector selected by
the transmitter as side information on a control channel.
The SLM receiving unit 312 has knowledge of all of the
phase vectors that are available at the transmitter 300.
For example, the SIM receiving unit 312 may pre-store
data representing each of the available phase vectors or
possibly data representing other vectors corresponding
respectively to the transmitters available phase vectors.
For example, the receiving unit 312 may store the complex
conjugate P*; to P*, of each of the phase vectors P; to Py
available at the transmitter. The receiving unit 312
outputs a group of decoded symbols including data symbols,
regular pilot symbols and one or more rotational pilot
symbols PS,o¢.

The receiver 310 further includes a rotational pilot
detection unit 314 which, similarly to the rotational
pilot detection unit 224 in Figure 16, determines the
position, within the group of decoded symbols output from

the receiving unit 312, of the or each rotational pilot
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symbol PS,,+ added by the transmitter. The rotational
pilot detection unit 314 outputs a rotation value Rcpa
based on the detected position(s).

The receiver 310 further includes a circular data
allocation unit 316 which, similarly to the circular data
allocation unit 222 in Figure 16, reverses the reordering
of the input symbols that was carried out in the
transmitter to reproduce the input signals in their
original order.

Figure 24 shows another possible way of signalling
the identity Usiyw and the rotation value Repa from the
transmitter to the receiver. 1In this case, the rotation
value Reps 1s also signalled explicitly to the receiver
via a control channcl. This has the disadvantage of
adding to the signalling overhead but the construction of
the receiver is simplified in that, in the receiver 320
of Figure 24, the rotational pilot detection unit 314 of
the receiver 310 of Figure 23 can be omitted. In an OFDM
system in which the signalling overhead is a major issue,
the signalling of the identity Uswv (possibly together
with the rotation value Repa) may be unacceptable.

To avoid the signalling overhcad associatced with the
transmission of the identity G of the selected phase
vector, a blind SLM receiver has been proposed in "A
blind SLM receiver for PAR-reduced OFDM", A.D.S. Jayalath
and C Tellambura, Proceedings of IEEE Vehicular
Technology Conference, pp 218-222, Vancouver, Canada, 24
to 28 September 2002. The blind SLM receiver works on
the basis that (1) c,'s are restricted to a given signal
constellation, for example QPSK, (2) the set of available

phase vectors is fixed and known to the receiver, and (3)

¢® P, and ¢® P, are sufficiently different for u # v.

In other words, the set of available phase vectors have
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large Hamming distances, providing inherent diversity
which can be exploited at the receiver. The necessary

condition for the blind receiver to work is
c.e’? ¢ for al pand u

The set of available phase vectors can be readily
chosen to ensure this.

Assuming a distortionless and noiseless channel, the

blind SIM receiver receives the OFDM symbol f~~&0
u

determined by the transmitter as having the minimum PAPR.

The receiver computes

f ;l (f;(C))forj =1,2,...,U

Because of the three assumptions mentioned above,

-1
j"j&pE@» will not be a valid vector of symbols from the

constellation ¢ of the selected modulation scheme unless
j = Q.
The optimal decision metric for the blind SLM

receiver 1is

N -1 ) 2
D = min Z lrne_f¢” _Hnén (22)
[¢q.C1s 6y Ll n=0
Pu*,li\E{laa U

to carry out this miniaturisation, the minimum-distance

H ® ¢é to r ® p,is determined , where p, is the conjugate of p,

This can be done by using the Viterbi algorithm in the
case of a coded system or by searching all qN data
sequences in the case of uncoded g-ary modulation. This
minimum—distance determination is repeated for each one
of the available phase vectors. The global minimum-

distance-solution yields the best estimates for ¢ and Q.
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In the case of a coded system, the overall complexity is
U times that of a system without SLM.

In an uncoded system, equation (22) can only be
solved by carrying out the Lroperation UN4Y times. This

S is of very high complexity and is only feasible when N is
relatively small.
Jayalath and Tellambura disclosed in the above-
mentioned paper a simplified decision metric having a

lower complexity than the metric of equation (22):
10 2

N -1 ]
D B . ; ~jn _ 5 23)
= min Min |r,e H ¢, (

SLM P,.i {1,2,...,U}n:0 c,eQ

uec

In the case in which the transmitter is an SLM-CDA
15 combined transmitter, the optimal decision matrix for the

blind receiver 1is

N -1 ) 2
‘l) — . -J®. _ A I epy
min pe H ,c, (24)
[Co .61 46 1Reoa =0
20 P,,-O,u"e fi.. v

A simplified decision metric corresponding to equation

(24) 1is:

N -1 i 2

» 1[) oy

i . . -j ¢n ARCDA

B L :E:" In |rye '—f{ncn
SLM Pﬁ,ﬁe{l,Z,%Eb‘}n:O c’fCDA €Q

Figure 25 of the accompanying drawings shows parts
30 of a blind SLM receiver 30 employing the simplified
decision metric of equation (25). The blind SLM receiver
330 of Figure 25 comprises an N-point DFT unit 332 which
receives a baseband signal and carries out DFT

demodulation to obtain a received signal r,. The
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receiver 330 also comprises a channel estimation unit 334
which derives from the received signal an estimate H, of
the channel of the n-th subcarrier. The receiver 330
knows the U available phase vectors P; to Py and
comprises U vector multipliers 336; to 336y corresponding
respectively to the U available phase vectors P; to Py.
Each vector multiplier 336: receives the received signal
r, and the complex conjugate P;" of its corresponding
phase vector P; and multiplies the received signal and
the complex conjugate together to produce r® P;". The
receiver 330 also comprises U processing units 338; to
338y corresponding respectively to the U available phase
vectors. Each processing unit 338; calculates the
minimum-distance H®c to R®P;" for its corresponding
phase vector P;. 1rp is detected into the nearest

constellation point ¢, by comparing r, with

Iy
H. ¢

Thus, a hard decision is made for each subcarrier. For
example, in a coded OFDM system having a given trellis
structure, the Viterbi algorithm can be used in each
processing unit 338;.

After calculating the minimum distance for each of
the available phase vectors, the respective minimum
distances for the phase vectors are applied to a
selection unit 340 which identifies the phase vector
which provides the minimum Euclidian distance solution.
The selection unit 340 outputs the minimum Euclidian
distance solution as the group of detected reordered data
symbols c,.

The reordered data symbols are applied to inputs of
a circular data allocation unit 342 and a pilot detection

unit 344. These units operate similarly to the units 314
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and 316 in Figure 23 to detect the position of the or
each rotational pilot symbol PS,.x within the group of
reordered symbols, derive the rotation value Repa
therefrom, and perform reordering of the data symbols
(and any regular pilot symbols) to restore them to their
original order.

Figure 26 shows schematically another OFDM system
having a transmitter 350 and a so-called "semi-blind"
SLM-CDA receiver 360. The transmitter 350 is generally
similar to the transmitter 300 of Figure 20 except that
it includes an adder 352 which receives the identity usum
of the selected phase vector and the rotation value Rcpa.
The adder 352 subtracts the rotation value from the phase
vector identity and transmits the result uswy — Rcpa as
side information to the receiver 360 via a control
channel.

The receiver 360 comprises a blind SLM receiving
unit 362 which comprises all of the elements shown in
Figure 25 except for the circular data allocation unit
342 and the pilot detection unit 344. In this case, the
selection unit 340 is additionally adapted to output the
identity usiy of the available phase vector which provided
the minimum-distance solution. This is supplied to one
input of an adder 366. The other input of the adder 366
receives the side information uswy — Rpea transmitted
explicitly to the receiver 360 by the transmitter 350.
The adder 366 subtracts the received side information uswm
— Repa from the identity usiy output by the receiver unit
362 to recover the rotation value Repa.

The recovered rotation value Repa 1s applied to a
circular data allocation unit 364 which operates
similarly to the circular data allocation unit 342 to
reorder the received group of symbols to restore the

received symbols to their original order.
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Accordingly, in the Figure 26 system, the receiver
detects the identity usiy blindly but receives usww — Repa
as side information and uses this, together with the
blindly-detected usimy to recover the rotation value Repa.
This can reduce the number of signalling bits required on
some occasions, although of course in the event that the
selected rotation value Repa i1s 0 or a small value (as
will inevitably occur on some occasions), the amount of
signalling is not reduced at all or not reduced
significantly compared to the case in which ugwm 1s
signalled by itself.

The simplified decision metric (25) adopted in the

blind SLM receiver of Figure 25 has the advantage that
2
the number of L‘ operations in equation (25) to be

performed by the receiver is qUN, wherc g denotes g—-ary
modulation. For example, in the case of QPSK modulation,
g = 4. Thus, the Figure 2 receiver is effective in
achieving some degree of processing simplification on the
receiver side, as well as avoiding the signalling
overhead associated with transmitting the identity # of
the selected phase vector from the transmitter to the
receiver,

The performance of the fifth embodiment was
simulated using the simulation assumptions set ocut in

Table 3 below.
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Table 3
Parameter Value
Total number of sub carriers 128, 256
Synchronisation Perfect
Modulation 16 QAM
Sampling rate 256 and 512 samples per symbol
Clipping Level 2dB
Sub carrier spacing 19.5 KHZ
Channel AWGN
Number of CDA Rotations 16, 32,128
Rotation Type Regular only
SLM Set Size 8,16
Figure 27 shows the results of one simulation. 1In

Figure 27, the variation of a bit error rate (BER) with
signal-to-noise ratio (Eb/No) is shown. The performance
of a transmitter according to the fifth embodiment (c)
was compared with (a) a system having no PAPR reduction
and (b) a system (such as the system of Figure 3)
employing a conventional SLM method with U = 16 available
phase vectors. 1In the case of the fifth embodiment (c),
it was assumed that the sub-optional serial approach is
used. It was also assumed that the number U of available
phase vectors is also 16, and that the number of
available allocations (rotations) is 128, equal to the
number N of sub-carriers. The modulation scheme was
assumed to be 16QAM. It can be seen that, even with the
sub-optimal serial approach, the fifth embodiment
(employing the same number of phase vectors as the system
(b)) provides significant performance gains.

Figure 28 is a graph corresponding to Figure 27 but
compares the performance of two instances of the fifth
embodiment with (a) the system having no PAPR reduction

and (b) another system employing a conventional SLM
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method with U = 8 available phase vectors. The first

instance (c¢) of the fifth embodiment is assumed to have U

= 8 available phase vectors and , = 16 available
rotations. The second instance (d) is assumed to have U
= 8 phase vectors and , = 32 available rotations. The

number of sub-carriers in all cases 1s assumed to be 256
and the modulation scheme i1s assumed to be 160AM.

Finally, Figure 29 adds to the results already
presented in Figure 28 a further instance (e) of the
fifth embodiment in which the optimum non-serial approach
is used with U = 8 available phase vectors and , = 32
available rotations. The performance is significantly
superior to that of the system (b) having the same number
of phase vectors. Also, as expected, the performance of
the optimal non-serial approach is shown to be
significantly better than that of the sub-optimal serial
approach (d) having U = 8 and , = 32. O0f course, the
trade off for this performance superiority is increased
processing burden at the transmitter.

Further simulations (not presented graphically)
suggest that the combined SLM-CDA technique manages to
achieve a performance level that the conventional SIM
method can only achieve with a set of phase vectors four
times as large. In terms of PAPR reduction, the combined
SLM-CDA technique achieves 0.9dB to 1.5dB PAPR reductions
for regular rotations, on top of the reductions achieved
by SIM. T1f irregular rotations are also available, a
PAPR reduction of more than 2dB 1s achievable.

In the fifth embodiment, it is also possible to
employ a further random phase pattern to adjust the
phases of the input symbols, as in the fourth embodiment
described with reference to Figure 15. This can provide

further improvements beyond those obtained by the
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combination of SIM and CDA without this further random
phase adjustment.

The fifth embodiment provides the following major
advantages. Firstly, i1t can reduce the complexity of SLM
for large numbers of sub-carriers. Secondly, it can
break the performance barrier for SLM and achieve
performance results well beyond those of conventional SLM.
The fifth embodiment can also obtain improved BER
performance and/or improved PAPR reduction with fewer
phase vectors than SLM. Furthermore, the PAPR reductions
are achieved with a very simple structure for the
transmitter and receiver. The combination of SLM and CDA
creates the possibility to exploit not only the best
phase patterns to reduce the PAPR but also the best
allocation of input symbols to the sub-carriers. The
fifth embodiment can solve the fundamental problem of
saturation of performance of SLM for large sets of phase
vectors. Furthermore, unlike TR, the combined SLM-CDA
technique does not require wasted sub-carriers or
capacity. The only added cost is the extra signalling
overhead introduced which, for example, can be as small
as one sub-carrier allocated to the rotational pilot.

Next, an OFDM transmitter 400 according to a sixth
embodiment of the present invention will be described
with reference to Figure 30. The transmitter 400 is
adapted to carry out the CDA method of the third
embodiment as well as a partial transmit sequence (PTS)
method. In Figure 30, elements of the transmitter 400
which are the same as elements in the conventional PTS
transmitter 40 described previously with reference to
Figure 2 have the same reference numerals.

The transmitter 400 of Figure 30 differs from the
transmitter 40 of Figure 2 in that a circular data

allocation and pilot insertion unit 402 is inserted
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between the serial-to-parallel converter 46 and the
symbol division unit 48. The tLransmitter 400 also has a
control unit 404 which controls the operation of the
circular data allocation and pilot insertion unit 402.

In this embodiment, the operation of the units 402
and 404 is basically the same as the operation of the
units 132 and 134 in the third embodiment (Figure 8).

A group Xp to Xy of N-1 symbols is output in
parallel by the serial-to-parallel converter 46 to the
circular data allocation and pilot insertion unit 402 and
the control unit 404. The control unit 404 calculates a
potential transmitted signal for each available input-

symbol-to-sub-carrier allocation (rotation) using
N -1
1 J 2mA
sgons(t)Z—zx,’;e ) O0<e<T (26)
VN =0

Then for each potential transmitted signal a measure of

PAPR, é;‘, is determined using the recursive coperation of

equation (10), and the rotation that optimises the PAPR

is selected as the best circular allocation as

Reps = mirn (¢,) (27)

The reordered group of symbols corresponding to IQZDA

)(R
is referred to as CDA.

This reordered group of symbols includes a
rotational pilot symbol PS,.+ to signal the rotation value
Rcpa as described previously with reference to Figure 9.
Of course, to improve the robustness of the signalling,
more than one pilot symbol PS,.+ may be included in the

reordered group of symbols.
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The reordered group of symbols is supplied to the
sympbol division unit 48 which divides the group of
symbols into M sub-groups of reordered symbols, each sub-
group comprising L=(M/N) symbols. Each sub-group is
applied to a corresponding IDFT unit 50; to 50y which
carries out IDFT processing on the symbols of the sub-
group to produce a sub—group IDFT output signal sx;—sxy.
Each such output signal sx:-sxXw is a different partial
transmit sequence of the time-domain signal, and is made
up of a set of digitised samples. These sets of
digitised samples are referred to as partial transmit
sequences because they are combined to produce the final
transmit sequence, i.e. a set of digitised samples of the
final transmitted signal.

The partial transmit sequence for each sub-group is
supplied to a first input of a complex multiplier 52; to
52y corresponding to the sub-group. The M partial
transmit sequences sx;—sxy are also supplied to an
optimization unit 54 which carries out PTS processing.
The optimization unit 54 determines a sub-optimal value
of a phase vector b. The phase vector b has one phase
adjustment value b; to by for each of the sub-groups.
Each complex multiplier 51; to 52y receives the
corresponding phase adjustment value b; to by at a second
input thereof and outputs a phase-adjusted partial
transmit sequence psx; to psxy to a combiner 56. The
combiner 56 combines the phase-adjusted partial transmit
sequences psx; to psxy to produce a combined transmit
sequence c¢s. This combined transmit sequence c¢cs is then
subjected to the usual post IDFT processing (parallel-to-
serial conversion, cyclic prefix insertion, digital-to-
analog conversion, etc).

The optimization unit 54 outputs the identity V of
the phase vector which was applied to the multipliers 52
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to 52y to produce the combined transmit sequence cs.
This identity V 1s supplied to the receiver(s) as side
information to enable the receiver(s) to carry out the
reverse processing on the received signal.

Figure 31 shows parts of an OFDM receiver 410
adapted for use with the OFDM transmitter 400 of the
sixth embodiment. The receiver 410 comprises a PTS
receiving unit 412, a circular data allocation unit 414
and a rotational pilot detection unit 416. In the
receiver 410, a signal received from the transmitter is
supplied to the PTS receiving unit 412. The PTS
receiving unit 412 also receives as side information the
above-mentioned identity V of the phase vector applied by
the transmitter to the transmitted signal. This side
information is received via a separate control channel
from the received signal. The PTS receiving unit 412
carries out the reverse PTS processing on the received
signal appropriate for the phase vector of identity V and
outputs a group of reordered symbols to the circular data
allocation unit 414.

The group of reordered symbols is also supplied by
the receiving unit 412 to the rotational pilot detection
unit 416 which, as described previously with reference to
Figure 14, detects the position within the group of
symbols of the or each rotational pilot symbol PS,.t
inserted into the group by the transmitter. Based on the
detected position(s), the rotational pilot detection unit
416 outputs a rotation value Repr to the circular data
allocation unit 414. The circular data allocation unit
414 then reorders the group of symbols according to the
received rotation value Repa to restore the symbols to
their original order. The reordered symbols are then
output for further processing within the receiver 410.

Next, a further OFDM transmitter 420 according to a
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seventh embodiment of the present invention will be
described with reference to Figure 32. The OFDM
transmitter 420 of the seventh embodiment is also adapted
to carry out circular data allocation (CDA) and a partial
transmit sequence (PTS) method as in the sixth embodiment.
However, in the seventh embodiment, an individual
rotation can be applied to each sub-group X; to Xy.

Elements of the transmitter 420 of Figure 32 which
are the same as those of the PTS transmitter of the sixth
embodiment have the same reference numerals in Figure 32.

In the transmitter 420, a circular data allocation
unit 422 is inserted between the symbol division unit 48
and each of the IFFT units 50; to 50vw. The circular data
allocation unit 422 comprises M individual CDA units 424,
to 424y. Each of these individual CDA units 424, to 424y
receives at least one rotational pilot symbol PS,.:1 to
PS:otm and a rotation value Rgpa1 to Repam. For example, the
first CDA unit 424, receives the rotational pilot symbol
PSrot1 and the rotation value Repai. The CDA unit 424,
receives a sub-group X; of L-1 input symbols, where L =
N/M. The CDA unit 424; reorders this sub-group of L-1
symbols to produce a sub-group of reordered symbols. The
CDA unit 424, also includes at an appropriate position
within the sub-group of reordered symbols the rotational
pilot symbol PS,.t1- The resulting sub-group of reordered
symbols including the rotational pilcot symbol is then
output to the corresponding IDFT unit 50;.

The remaining CDA units 424, to 424y operate in the
same way.

The available allocations in this embodiment enable
a different rotation to be chosen for each different CDA
unit 424, to 424y (sub-group). Thus, a particular

available allocation sets respective rotations for all M
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CDA units and can be expressed as a combination of M
rotation values Rcpar to Repam.

The control unit 426 receives each sub-group X:; to
Xy of input symbols. The control unit 426 calculates,
for each available allocation (each combination of
rotations for the M CDA units 424; to 424y), a potential
transmitted signal. Because an individual rotation value
can be set for each CDA unit 424; to 424y, the number of
potential transmitted signals to calculate is L*L!.

This potential transmitted signal is calculated
exclusively using an initial non-optimised set of phase
adjustments, i.e. without optimizing the set of phase
adjustments according to the usual PTS optimisation.
Accordingly, each potential transmitted signal is
calculated on the basis of applying the initial non-
optimised set of phase adjustments to the respective IDFT
output signals sx; to sxw of the sub-groups of reordered
symbols. In other words, the optimization process of the
PTS algorithm is disabled until the best combination of
sub-group rotations has been determined.

A measure , of the PAPR of each potential
transmitted signal i1s then determined and the combination
of sub—-group rotations which provides the best PAPR
performance is selected. The results of the selection
are output as M rotation values Rcpa:1 tO Repam.

The selected sub-group rotations are applied by the
individual CDA units 424, to 424y and the rotational
pilot symbol PSrot1 to PSiotm is added to each sub-group of
reordered symbols at the position corresponding to the
selected rotation value.

Thereafter, processing is the same as in the sixth
embodiment (Figure 31). 1In particular, the optimization
process of the PTS algorithm is carried out just for the

selected allocation (combination of rotations of the sub-

.4
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groups) to further reduce the peak-to-average power of
the transmitted signal.

Figure 33 shows parts of an OFDM receiver 430
adapted for use with the OFDM transmitter 420 of the
seventh embodiment.

The receiver 430 comprises a PTS receiving unit 412,
a circular data allocation unit 432, a rotational pilot
detection unit 436 and a symbol combining unit 438. The
PTS receiving unit 412 operates in the same way as the
PTS receiving unit in the receiver 430. As before, the
PTS receiving unit 412 receives the identity V of the
phase vector selected by the transmitter 420 as side
information, and uses this identity to reproduce the sub-
groups of reordered symbols. No knowledge of the
reordering is required by the PTS receiving unit 412 to
do this.

The circular data allocation unit 432 comprises N
individual CDA units 434; to 434y. Each individual CDA
unit 434; to 434y receives a sub-group of reordered
symbols output by the PTS receiving unit 412. The PTS
receiving unit 412 also outputs the sub-groups of
reordered symbols to the rotational pilot detection unit
436 which, for each sub-group, detects the position(s) of
the rotational pilot symbol (s) PS;ot1 to PS;o-m added to
each sub-group by the transmitter 420. Based on the
detected position(s) for each sub-group the rotational
pilot detection unit 436 outputs a corresponding rotation
value Rcpa1 to Repaw to the circular data allocation unit
432,

Each CDA unit 434; to 434y receives its
corresponding rotation value Repai to Repam and reorders
the symbols of its sub-group to restore them to their
original order. The sub-groups of symbols in their

original order are then output to the symbol combining
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unit 438 which combines the sub-groups to reconstitute a
full group of symbols.

Another receiver 440 which is adapted for use with
the transmitter of the seventh embodiment will now be
described with reference to Figure 34. 1In this case, it
is assumed that, in order to reduce the signalling
overhead associated with the side information, the
transmitter 420 does not transmit the identity V of the
selected weight vector to thec receiver. Accordingly, the
receiver 440 of Figure 34 is a "blind" PTS receiver. The
construction and operation of a blind PTS receiver has
been disclosed in the paper by Jayalath and Tellambura
cited hereinbefore. The modifications to that blind PTS
receiver needed to enable it to operate with the
transmitter of the seventh embodiment will now be
described. It is assumed that the transmitter signals
the selected rotation values Repai to Repay to the blind
receiver using rotational pilot symbols, as described
previously.

The receiver 440 comprises a blind PTS receiving
unit 442, a CDA unit 432, a rotational pilot detection
unit 436 and a symbol combining unit 438. The units 432,
436 and 438 are the same as the corresponding units in
Figure 33 and a description thereof is omitted.

Assuming that the received signal is given by

r, = H cfaM el 4 n,

n

(28)

R cpa J'(Zm .
the encoded data 1s now given by Cn € (bm S V)

where b, is the optimized phase adjustment applied to the

m—-th sub—-group. To determine the optimal phase vector V

without side information, assuming that

r=[’,0””1""’rN—l] (29)
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and
ﬁ=[ff0,}f1,---,ﬁN_1] (30)

the decision metric in a decoder of the blind PTS
receiving unit 442 to determine the phase adjustment

factor of the m-th sub-group is modified as

Nm+1)I M -1

D = min min ry - ., ¢Rea
mef{0.1,.. .M -1} a Iy gRera ¢

m

where bp €D and H, is the estimated channel.

The performance of the sixth embodiment was
simulated using the simulation assumptions set out in

Table 4 below.

Table 4
Parameter Value
Total number of sub carriers 128, 256
Synchronisation Perfect
Modulation 16 QAM
Sampling rate 256 and 512 samples per symbol
Clipping Level 2dB
Sub carrier spacing 19.5 KHZ
Channel AWGN
Number of CDA Rotations 16, 32, 128
Rotation Type Regular only

The simulations indicate that the sixth embodiment
can achieve a further PAPR reduction of 0.9dB to 1.5dB on
top of the reductions achieved by PTS when the available
allocations are restricted to regular rotations. If
irregular rotations are permitted, the further PAPR

reduction that is achievable can exceed 2dB. Accordingly,




—/
L T e T e T e T e T e T e O e T T e T e TR e T e T e T e T e T e T e T e T e T e T e T e T e T e T e T e T e B e T e T e T e T e T e T e T s T e T e T e B e B e B e T e R e |

[

10

15

20

25

30

(170) JP 2007-259445 A 2007.10.4

a BER improvement of 0.003 to 0.005 can be achieved in a
PTS system having a BER of 0.0l at a signal to noise
ratio (Eb/No) of 14dB.

The advantages achieved by the sixth and seventh
empodiments are analagous to those achieved by the fifth
embodiment in the case of the SLM method. 1In particular,
the sixth and seventh embodiments have the effect of
making PTS feasible even when the number of sub-carriers
is large. The BER and/or PAPR performance can therefore
be improved even with fewer sub-blocks (smaller M) and if
fewer IFFT operations are carried out than would be
required by the conventional PTS method. The combined
CDA-PTS methods of the sixth and seventh embodiments
create the possibility of exploiting a better data
allocation within the sub-groups on an individual or
collective basis. Because the PTS method starts PAPR
reduction based on a signal which has already been
processed and PAPR-reduced by the CDA method, the initial
gain provided by the CDA method makes it possible to
improve the overall probability of the PAPR meeting a
desired threshold.

It will be appreciated that many variations on the
sixth and seventh embodiments are possible.

A first variation on the seventh embodiment is to
restrict the available allocations to the same rotation
in each CDA unit 424, and 424x. This has the advantage
that only one rotation value is required and the size of
the search space is substantially reduced. In this case,
the rotation value can be supplied as side information or
it can be signalled by inserting a rotational pilot
symbol PS..: into at least one of sub-groups of reordered
symbols.

A second variation on the sixth or seventh

embodiments 1s to calculate a potential transmitted
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signal for each available combination of available
allocation and available PTS phase vector. For each such
potential transmitted signal a PAPR measure can be
produced, and the combination of allocation and phase
vector which provides the lowest PSPR can be selected.
PTS processing has the advantage over SLM that the search
for a suitable phase vector is carried out post-IFFT
processing.

Assuming the number of available allocations is ,,
»XM IDFT operations are required to calculate potential
transmitted signals for all the allocations. For each
available allocation, the partial transmit sequences
produced by the M IDFT operations can be used V times to
calculate a potential transmitted signal for each of the
V available phase vectors.

Next, an OFDM transmitter 500 according to an eighth
embodiment will be described with reference to Figure 35.
The transmitter 500 of the eighth embodiment is adapted
to carry out circular data allocation (CDA) and a tone
reservation (TR) method in combination with one another.
In Figure 35, elements of the transmitter 500 which are
the same as elements of the conventional TR transmitter
80 of Figure 4 have the same reference numerals as in
Figure 4.

The transmitter 500 of the eighth embodiment differs
from the transmitter 80 of Figure 4 in that a circular
data allocation unit 502 is inserted between a serial-to-
parallel converter 84 (which corresponds to the data
information unit in Figure 4) and the tone allocation
unit 82. The serial-to-parallel converter 84 outputs in
parallel a group of N-L input symbols of the circular
data allocation unit 502. The circular data allocation
unit 502 outputs a group of reordered input symbols to

the tone allocation unit 82.

.4
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The transmitter 500 also comprises a control unit
504 which is adapted to control the operation of the
circular data allocation unit 502 and the operation of
the TR method, in particular the operation of the
gradient algorithm unit 92. The control unit 504 outputs
a selected rotation value Repa to the circular data
allocation unit 502 and the circular data allocation unit
reorders the group of input symbols in accordance with
the selected rotation value Repa.

The control unit 504 seeks to reduce the PAPR by
employing a combination of CDA and TR. A number of
different approaches may be adopted by the control unit
504, as will be described later. However, before
describing these different approaches, the basic features
of the TR method will be described.

In a TR transmitter such as the transmitter 500, a
number L of the N available OFDM sub-carriers are
reserved. These L reserved sub-carriers are not used to
carry any data information, and are only used for
reducing the PAPR value of the transmitted OFDM signal.
It 1is the reservation of the L sub-carriers (or tones)
that gives the Tone Reservation technique its name.

The reordered input symbols are supplied from the
Lo the tone allocation unit 82 as a data vector X. The
tone reservation symbols are supplied from a peak
reduction symbol unit 86 to the tone allocation unit 82
as a vector C, hereinafter referred to as the peak
reduction vector.

The data vectors X and C are configured so as to lie

in disjoint frequency subspaces, i.e., X,=0,keli,..ij}. and
C,=0keli.,..i;)}. That is, vectors X and C are of the same

size but each have zero values where the other has non-

zero values. Effectively, this means that the data
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symbols of the data vector X are transmitted over N-L of
the N available sub-carriers, and the symbols of the peak
reduction vector C are transmitted over the remaining L
sub-carriers of the N available sub-carriers. As will be
seen, this formulation is distortionless and may lead to
simple decoding of the data symbols that are extracted
from the eventual transmitted CFDM signal in the receiver,
by focusing exclusively on the set of values k¢&{i,..i,} at
the receiver FFT output. Moreover, it allows simple
optimization techniques for the computation of the peak
reduction vector C . The L non-zero values in C will be
called peak reduction tones.

The L tones {QWWQ} are assumed to have been fixed at
the beginning of the transmission and not to be changed
until the transmission is over or some new information
about the channel is fed back to the transmitter. That
is, it is assumed that the L chosen sub-carriers are
fixed for the present discussion. However, it will be
appreciated that different distributions of the L tones

are possible.

Calling Cthe nonzero values of C , i.e., é=ﬂCLmChF
and Q=ﬂqn|m|qh] the submatrix of Q constructed by

choosing its columns {i,..i,} , then ¢=Q0C=0C. 1In a

previously-considered OFDM transmitter employing the TR
technigue in conjunction with direct PAPR reduction, to
minimize the PAPR of X + ¢ we must compute the vector c*

that minimizes the maximum peak value, i.e.:

min
[+

h+ﬂw=myW+Qé

«©

A gradient algorithm is one preferred solution for

computing c¢* with low complexity. The basic idea of the
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gradient algorithm is an iterative process of clipping
the prospective OFDM signal. As is well known in the art,
amplifiers are typically unable to handle signals outside
their linear range. Accordingly, it can be advantageous
to clip the prospective OFDM signal peaks to a clipping
level in the time domain. This clipping can be
interpreted as subtracting an impulse function from the
OFDM signal, the impulse having been time shifted to the
location of the signal peak to be clipped, and scaled so
that the power of the peak tone should be reduced to the
desired target clipping level.

The use of an ideal impulse function is
disadvantageous, since such an impulse function has
frequency components at all sub-carrier frequencies.

That is, the subtraction of a pure impulse function from
the prospective OFDM signal in the time domain will
affect all of the sub-carrier symbols of the
corresponding OFDM symbol in frequency domain. That is,
this subtraction in the time domain will alter not only C
but also X.

To overcome this problem, an impulse-like function
is designed, which only has frequency values in the
reserved tone locations, 1.e. in the 1L tone locations

lij,..i,} . Accordingly, in the transmitter 500, a

particular vector P is stored in advance and may be input
via the peak reduction symbol unit source 86 as an
initial seed value of the peak reduction vector C.
Alternatively, as P is predetermined, an IFFT output P
for P may be calculated in advance for each available
version of P and stored as discussed below. The vector P
may be defined as B =Lkeli,..ij} and P, =0keli,..i}. Also,
the IFFT output of P, i.e. p, may be defined as

p=lpw,...py4l. That is, p is the IFFT output of the

.4
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vector P whose value is 1 at the tone locations {i,..i},

and 0 elsewhere. P will be referred to as the peak
reduction kernel and is, in frequency, only a function of

the received tone locations {j...J}.

As the peak reduction kernel p is independent of the
data symbols, it can be calculated in advance of normal
operation of the transmitter 500 and stored in the memory
94. It will of course be appreciated that as the peak
reduction kernel p is a function of the tone locations
{iniy}, i.e. of the sub-carriers chosen to transmit the
reserved tones, a different peak reduction kernel p is
required for each different selection of the L reserved
tones (sub-carriers) from the N available tones (sub-
carriers) . Accordingly, a number of different peak
reduction kernels P may be stored in the memory 94, each
corresponding to a different selection of the L reserved
tones.

Tt will be appreciated that the peak reduction

kernel p will have its peak at the location p, but will

also have some leakage at the locations PPy - As the
number of the reserved tones L becomes larger, the peak

at the location p, will of course become larger and the

leakage at the locations p,-:py, will become smaller,

leading to a better performance of the transmitter.
Conversely, however, as the number L becomes larger, the
system redundancy increases, as fewer of the N sub-
carriers are used to carry data. This leads to a
decrease in system throughput. Accordingly, there is a
trade-off between performance and system throughput when
selecting the number L.

Accordingly, the memory 94 of the transmitter 500

stores one or more peak reduction kernels P, each
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relating to a different set of L sub-carriers that may be
chosen as the reserved tones. During operation, the
control unit 504 supplies a control signal to the tone
allocation unit 82 to control which L sub-carriers are
used as reserved tones. The control unit 504 also
accesses the memory 94 to supply the corresponding peak
reduction kernel p to the gradient algorithm unit 92.

The operation of the transmitter therefore proceeds
with either the peak reduction vector C, or the vector P
corresponding to the chosen peak reduction kernel P,
being supplied to the tone allocation unit 82 with the
data vector X. An N-point IFFT operation is carried out
by the N-point IFFT unit 88, and the results are
parallel-serial converted in the parallel-serial
conversion unit 90.

A gradient algorithm is then performed by the
gradient algorithm unit 92 on the output of the parallel-
serial conversion unit 90 until the signal has an
acceptable PAPR value, at which point it is transmitted.

The gradient algorithm is an iterative clipping
algorithm using the chosen peak reduction kernel p. The
original output signal (OP1l) is supplied to a peak
detector where a peak (or several peaks) to be eliminated
therefrom is/are detected. For the present explanation,
however, it will be assumed that only one peak is to be
eliminated during each iteration. Information derived
from the peak detector is used to circular shift, scale,
and phase rotate the chosen peak reduction kernel P, in
the time domain. This shifting, scaling and phase
rotating is carried out such that the peak of the chosen
peak reduction kernel p is aligned with the detected peak
in the output signal, and has a magnitude equal to the
magnitude of the output signal above the clipping level
at that point. This shifted, scaled and phase-rotated
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version of the chosen peak reduction kernel P is
subtracted from the original output signal OP1l to produce
a modified output signal OP2.

As the vector P which produced the chosen peak
reduction kernel P only has values at the tone locations
{i,.»i,}, this shifting, scaling and phase rotating in the
time domain only affects the values at those tone
locations (sub-carriers), and the other tones (sub-
carriers) remained unchanged. That is, importantly, the
data vector X remains present in the modified output
signal OP2 and is not affected by the iterative clipping
operations.

If the PAPR value is considered acceptable, the
control unit 504 passes the modified output signal OP2 on
for transmission. Otherwise, the modified output signal
OPZ is passed back to the input again. Accordingly, the
iterative process is continued and a further modified
output signal OP3 is obtained. Importantly, the data
vector X remains present in the further modified output
signal OP3, and in all further modified output signals,
and is not affected by the iterative clipping operations.

The iterative clipping operations are carried out
either until the modified output signal has an acceptable
PAPR value, or until a set number of iterations have been
carried out. The final modified output signal is then
passed on for transmission.

It will be appreciated that the optimization is
carried out on the time domain signal. Accordingly, only
one IFFT operation is needed and the complexity is very

low.

One example of the gradient algorithm may be based

on the following iterative formula:
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X" =x'-u Y ap,
Ix!1>4 (33)
where: i is the iteration index;
» 1s the updating step size;
n is the index for which sample xn is greater
than the clipping threshold;
@) =x! — A-exp(j-angle(x.)) ; and

P is the peak reduction kernel vector.

As already discussed, the kernel is a time domain
signal that is as close as possible to the ideal impulse
at the location where the sample amplitude 1s greater
than the predefined threshold. This way the peak could be
cancelled as much as possible without generating
secondary peaks.

The gradient algorithm of equation (33) seeks to

cancel all peaks that satisfy me>A in each iteration

cycle, rather than just one peak as described above.
Alternatively, to cap the computational burden on the
transmitter 500 it is possible to choose a fixed number

of peaks to be cancelled in one iteration instead of all

x |>A4.

n;

the peaks that satisfy

The first approach which can be adopted by the
control unit 504 in the eighth embodiment i1s illustrated
in Figure 36. As shown in Figure 36, the control unit
comprises N calculation units 510; to 510y and a
selection unit 512. In this example, it is assumed that
the number of available circular data allocations
(rotations) is N, where N is the number of sub-carriers.
Of course, the number of available rotations could be
greater than N or smaller than N if desired. Each

calculation unit 510 corresponds to a different one of
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the available rotations. The calculation unit for each
rotation calculates a potential transmitted signal
without taking into account the effect of the TR method,

i.e.

1 & i 2 ZnAft
mn
s’(t)=T—ZX;eJ ., 0<t<rT (34)
N
n=0

The respective potential transmitted signals for the
different available rotations are supplied to the
selection unit 512 which calculates a measure of PAPR of
each potential transmitted signal, for example according
to equation (3) described previously. The selection unit
512 then selects the potential transmitted signal rXpest
having the lowest PAPR measure and outputs the selected
potential transmitted signal to the gradient algorithm
unit 92. The selection unit 512 also outputs to the
circular data allocation unit 502 the rotation value Repa
corresponding to the selected potential transmitted

signal, i.e.

Repy = min (£,) (35)
r

The rotation value Repa may be signalled to the
receiver(s) explicitly as side information or by using
one of the group of reordered symbols as a rotational
pilot symbol PS ..

In some OFDM systems, the PAPR level is less
critical and the amplifier may have a fairly good
clipping level. 1In such systems, for most groups of
input symbols it is desirable to avoid excessive
application of the gradient algorithm. In such OFDM
systems, the PAPR reduction achievable by CDA alone may

be sufficient for many groups of input symbols.



T T e T e T e T e T e O e O e O s O e, O e, O e B e, O e, T s R e R e N e T e T e T e T e T e T e T e T e T e T e T e T e T e B e B e B e T e T e T e B e T s T e B e D e T e B

[

10

15

20

25

30

(180) JP 2007-259445 A 2007.10.4

A second approach which may be adopted by the
control unit 504 in Figure 35 1s described next with
reference to Figure 37. 1In this approach, the control
unit 504 has a selection unit 514 which, in addition to
selecting the potential transmitted signal rxpest having
the lowest PAPR, compares the PAPR measure for the best
signal rxpest with a threshold value. If the PAPR
reduction achieved by the best signal rXpest 15 already
above the threshold, the selection unit 514 bypasses the
gradient algorithm unit 92 and generates the final
transmitted signal based on the best signal without
applying the gradient algorithm. 1In this way, processing
burden is reduced. Only if the PAPR reduction achieved
by the potential transmitted signal rxpest is below the
threshold is the gradient algorithm unit 92 activated and
used to produce a final transmitted signal IrXpest + C as
in the first approach.

A third approach which can be adopted by the control
unit 504 in the eighth embodiment will now be described
with reference to Figure 38. The approaches of Figures
36 and 37 are non-optimal serial approaches in which the
TR method i1s carried out after selecting the best
potential transmitted signal rXpest. In Figure 38 an
optimum non-serial approach is adopted which seeks to
find the minimum-PAPR solution for all available
combinations of circular data allocation (r) and TR code
C. In particular, the control unit in the approach of

Figure 38 seeks to determine

min ||xr + C“ = min‘
r,C © r.C

Xy + QCHOO <|ixll, (36)

As illustrated in Figure 38, the control unit 504 in
the third approach employs N calculation units 510, to

510N to calculate respective potential transmitted
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signals rxl to rxN for the N different available
rotations. In this case, the control unit 38 also has a
gradient algorithm unit 92; to 92y for each available
rotation, and accordingly applies the gradient algorithm
simultaneously to all of the potential transmitted
signals rxl to rxN. The gradient algorithm units 92; to
92y output respective TR-adjusted potential transmitted
signals rxl + C; to rxN + Cy. A selection unit 518
calculates a measure of PAPR for each such signal and
selects the potential transmitted signal which has the
lowest PAPR. Optionally, the selection unit 518 may
first calculate the PAPR for each of the potential
transmitted signals rxl to rxN. In this case, none of
the gradient algorithm units would be activated if the
PAPR value of any of the transmitted signals rxl to rxN
was already below some threshold. This transmitted
signal having an acceptable PAPR value would then simply
be selected without applying the gradient algorithm at
all, so as to save processing power.

A fourth approach which can be adopted by the
control unit 504 of the eighth embodiment will now be
described with reference to Figure 39. The control unit
in this approach calculates a potential transmitted
signal rxl to rxN for each available rotation in the same
way as in the third approach. The resulting potential
transmitted signals are supplied to respective gradient
algorithm units 192; to 192y. These gradient algorithm
units 192; to 192y operate in basically the same way as
the gradient algorithm units 92; to 92y of the preceding
approaches except that the operation of each of the
gradient algorithm units 192; to 192y is limited to an
initial M iterations.

The respective TR-adjusted potential transmitted

signals rxl + C; to rxN + Cy are supplied to a selection
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unit 520. The selection unit 520 selects that one of the
TR-adjusted potential transmitted signals that has the
lowest PAPR. This signal is supplied by the selection
unit 520 to a further gradient algorithm unit 192¢ which
is used to continue the gradient algorithm on the
selected potential transmitted signal. After the further
gradient algorithm unit 192 has carried out the required
number P of further iterations, the final signal for
transmission is produced.

It will be appreciated that, when combining CDA and
TR, it is possible to isolate the reserved tones from the
rotated input symbols so that the input symbols rotate
without affecting the reserved tones. However, it is
also possible to circulate the input symbols within the
reserved tones. As long as the receiver is informed in
advance of the rotation value Rcpa, the identities of the
circulating reserved tones can be identified by the
receiver. In this case, the peak reduction kernel can be

written as follows.

r \/ﬁ N1F
pr=——Qlk (37)

Next, the operation of the control unit 504 in the
third approach mentioned above (Figure 38) will be
described in more detail. The operations required
comprise off-line computations which are carried out once
only prior to activation of the transmitter, and online
iterations which are carried out for each iteration of
the gradient algorithm.

Off line computation:

»
1. Calculate the original kernel vector P based on the

rotations considered and a 2-norm criteria, which is

”
the IFFT of 1K’(all tones except guard band) ;
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Quantify the original kernel to get derived kernels

and store them in advance, in memory 94 (Figure 35).

Online iterations: The algorithm is based on each input

OFDM symbol.

1.

. Find the all sample locations n; for which

i=0 _
. Otherwise set X  =Xp and select corresponding lg

Select the target PAPR value and corresponding

threshold 4 :

X
ran;

>4

Choose the best * =R with the minimum number of
sample above threshold. If all the samples already
below the threshold transmit the signal.

R

R
and P .

. Find fixed number of samples (in order) with

>4

locationsn in whichlx,

. If all samples are below the target threshold,

transmitX' . Otherwise, search in the derived kernels
to find matched one and right circle shift in time

domain;

.Updatefaccording to Fquation (33);

. Repeat step 4 to step 6 untilireaches maximum

iteration limit. Transmit finalX .

The corresponding detailed operations for the fourth

approach (Figure 39) are as follows.

Off line computation:

1.

Calculate the original kernel vector Pr based on all

the rotations considered and a 2-norm criteria, which

r
is the IFFT of lK’ (all tones except guard band ) ;
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2. Quantify the original kernel to get derived kernels

and store them in advance.

Online iterations: The algorithm is based on each input

OFDM symbol.

1. Select the target PAPR value and corresponding
threshold4 ;

i=0 _ 1 ’
2.Set X =X, and select corresponding lx and P .

3. Find fixed number of samples (in order) with

locations# in whichlx, |>4;

4. For all the rotations find out if all samples are
below the target threshold, transmit the rotated

signal satisfying the criteria. Otherwise select M
rotations, MM-""»¥y with minimum #, .

5. Perform the first iteration of the algorithm as in

i=0 _ ~
Equation (33) for each X —-Xr . m—l“'M )

m
6. For result of application of first iteration of all

rotations find the all sample locations n;i for which

X
r.n,

>A_

7. Otherwise choose the best "m =R with the minimum

number of sample above threshold.
8. Drop all the other rotations and don’t carry on
updating their iterative equations further and carry

on only with the gradient algorithm with the best

Ym =R for next updates.

9. Find fixed number of samples (in order) with

locations# in which|x,|>4;
10. TIf all samples are below the target threshold,

transmitX' . Otherwise, search in the derived kernels
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to find matched one and right circle shift in time

domain;

11. Updatefaccording to Equation (33);

12. Repeat step 9 to step 11 untilireaches maximum

iteration limit. Transmit finalX'.
For all except one rotation selected in step 7, the
iterative algorithm will stop at step 8 avoiding the need
to perform the entire iterations.

Figure 40 shows parts of an OFDM receiver 530
adapted for use with the OFDM transmitter 500 of the
eighth embodiment. The receiver 530 comprises a TR
receiving unit 532, a rotational pilot detection unit 534,
and a circular data allocation unit 536. The TR
receiving unit 532 receives at an input thereof a signal
transmitted by the transmitter 500. The TR receiving
unit 532 carries out reverse TR processing on the
received signal to produce a group of reordered symbols.
The group of reordered symbols are also supplied to the
rotational pilot detection unit 534 which detects the
position of the or each rotational pilot symbol PSy et
within the group of reordered symbols. The rotational
pilot detection unit 534 outputs the rotation value Rcpa
corresponding to the detected position. The circular
data allocation unit 536 reorders the group of symbols
according to the rotation value Reppp to restore the
symbols to their original order.

Figure 41 shows another OFDM receiver 540 adapted
for use with the transmitter 500 of the eighth embodiment.
In this case, the transmitter transmits the rotation
value Repa to the recelver 540 as side information via a
control channel. Accordingly, the rotational pilot

detection unit 534 of the receiver 530 can be omitted.
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The performance of the transmitter of the eighth
embodiment was simulated based on the simulation

assumptions set out in Table 5 below.

Table 5
Parameter Value
Total number of sub carriers 2048
Targeted PAPR 6.5
Synchronisation Perfect
Modulation 16 QAM
Channel AWGN
Rotation Type Regular only
TR Iterations 30

The results of the simulation are illustrated in
Figure 42. In Figure 42, the performance of five
different systems is represented, namely (a) an OFDM
system having no PAPR reduction, (b) the system decscribed
in the Park paper with the number L of reserved sub-
carries is set at 30, (c) Park's OFDM system with L = €0,
(d) the eighth embodiment with L = 30, and (e) the eighth
embodiment with L = 60. In each case, Figure 42 shows
the variation of complementary cumulative density
function (CCDF) of PAPR as a target PAPR value PAPRo 1is
varied. The CCDF is a measure of a probability P, of
achieving the target value PAPRo for S symbols (S =1
million symbols in Figure 42). Effectively, the CCDF is
a measure of failure of the PAPR reduction activity, i.e.
a measure of the probability that the actual PAPR will be
greater than the target PAPRo. The further a curve is to
the left in Figure 42, the lower the probability of
failure for a particular value of PAPRo.

As can be seen from Figure 42, the systems (d) and

(e) according to the eighth embodiment can provide a
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significant performance improvement compared to the other
systems. The use of CDA provides an initial 0.8dB to 2dB
reduction in PAPR (depending on whether regular or
irregular rotations are available). Then, the TR method
reduces the PAPR further leading to the results shown in
Figure 42. Effectively, TR starts with a signal which is
already enhanced and needs fewer iterations to reduce the
PAPR to the desired target level.

In the eighth embodiment, it is also possible to add
a randomly-generated known phase adjustment in addition
to CDA, as described previously in relation to the fourth
embodiment.

The advantages which are achieved by the eighth
embodiment by using the combination of CDA and TR are
generally analagous to those which are obtained by using
the combination of CDA and SILM or of CDA and PTS, as
described previously with reference to the fifth to
seventh embodiments. For example, the combination of CDA
and TR can make TR feasible even when the number of sub-
carriers 1is large. The BER performance and/or PAPR
performance can be improved using fewer reserved sub-
carriers, which has the effect of improving the capacity.
Essentially, the combination of CDA and TR creates the
possibility of exploiting a better allocation of input
symbols to sub-carriers to further enhance the PAPR
performance of the TR method. The initial gain achieved
by CDA in terms of PAPR reduction makes it possible to
improve the overall probability of the PAPR being above a
target threshold.

Figure 43 is a flow diagram of a method 601
embodying the present invention. The method 601
comprises steps S1 to S5. In step 51, one or more sets
of indicators are obtained, each set of indicators

relating to a different prospective OFDM signal. Each
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obtained indicator may be indicative of a magnitude of a
predetermined property of its related prospective OFDM
signal expected at a respective signal time. The
predetermined property may be, for example, a voltage, a
current, or a power level.

The or each prospective signal may be representative
of any amount of data. For example, the or each
prospective signal may represent one OFDM symbol, or may
represent an OFDM frame comprising a plurality of OFDM
symbols. The signal times to which the indicators relate
may be regularly or irregularly spaced along the
prospective OFDM signal concerned.

In step S2, those indicators which satisfy a
predetermined condition are identified for each set. The
predetermined condition may be, for example, that the
magnitude has exceeded a threshold level. For example,
if the predetermined property is a signal power level,
the predetermined condition may be a threshold power
level.

In step S3, the identified indicators are
accumulated for each set of indicators. The accumulation
may involve counting the number of identified indicators
for each set. Alternatively, or in addition, the
accumulation may involve summing the magnitudes of the
identified indicators for each set, or summing a part of
the magnitude of each identified indicator for each set.
In preferred embodiments of the present invention, the
accumulation involves summing those parts of the
magnitudes of the identified indicators that exceed a
threshold level. The identified indicators may, of course,
be accumulated in any other way.

In step 5S4, the suitability of the or each
prospective OFDM signal is assessed based on the result

of the accumulation. The suitability of a particular

.4
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prospective OFDM signal for transmission may be assessed
by comparing the accumulation result for that signal with
a predetermined suitability threshold level, or set of
threshold levels. This method of assessment may be
carried out, for example, i1f only one prospective OFDM
signal exists. Alternatively, the suitability of a
particular prospective OFDM signal for transmission may
be assessed by comparing the result of the accumulation
for that prospective signal with the result of the
accumulation for other prospective signals. In that case,
one prospective OFDM signal may be more suitable for
transmission than another prospective OFDM signal, for
example if it has the higher (or lower) accumulation
result.

In step S5, one prospective signal is transmitted
based on the result of the suitability assessment of step
S4. For example, the most suitable prospective OFDM
signal may be transmitted.

Figure 44 is a schematic diagram of a transmitter
602 according to a ninth embodiment of the present
invention. The transmitter 602 is operable to carry out
the method 601, and accordingly comprises an indicator
obtaining unit 604, a signal storage unit 606 storing a
set of prospective OFDM signals, an identification unit
608, an accumulating unit 610, an assessing unit 612, and
a transmission unit 614.

The indicator obtaining unit 604 is operable to
obtain one or more sets of indicators, each set relating
to a different prospective OFDM signal of the set of
signals stored in the signal storage unit 606. The
identification unit 608 is operable, for each set, to
identify those indicators which satisfy a predetermined
condition. The accumulating unit 610 is operable, for

each set, to accumulate the identified indicators
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identified in the identification unit 608. The assessing
unit 612 is operable to assess the suitability of the or
each prospective OFDM signal for transmission based on
the result of the accumulation carried out in the
accumulating unit 610. The transmission unit 614 is
operable to transmit a prospective signal as a
transmitted OFDM signal 616 based on the result of the
suitability assessment carried out in the assessing unit
612.

In the tenth, eleventh and twelfth embodiments of
the present invention described hereinafter, the obtained
indicators are indicative of a magnitude of a signal
power of a prospective OFDM signal expected at a
respective signal time. Furthermore, in those
embodiments, the indicators are identified if the
expected magnitude of the signal power at the signal time
concerned is greater than a predetermined signal power
threshold level (predetermined condition).

The predetermined signal power threshold level may
be the actual signal power clipping level of an amplifier
in a transmitter embodying the present invention. It may,
however, be advantageous to use a different level as the
predetermined signal power threshold level. For example,
a group of prospective OFDM signals may each have many
peaks of varying magnitudes but each exceeding the actual
clipping level of an amplifier in the transmitter. 1In
that case, a large number of indicators may be identified
which may lead to a high processing burden on the
amplifier. Further, such peaks may be, in part,
attributable to noise in a practical transmitter.

Accordingly, it may be advantageous to employ a
predetermined signal power threshold level that is higher
than the actual signal power clipping level of the

amplifier. This will have the effect that the number of
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peaks in the same prospective OFDM signals that exceeds
the higher threshold is reduced. This will lead to a
reduced processing burden on the amplifier, and may
reduce the transmitter’s sensitivity to noise in a
practical transmitter. It will be appreciated that a
trade-off can be made in the setting of the predetermined
threshold level, between, on the one hand accumulating
enough indicators to distinguish between prospective OFDM
signals and, on the other hand, increasing the processing
burden placed on the transmitter. If the level 1is set
too high, either no indicators will be accumulated, or
only one indicator will be accumulated, that indicator
representing the peak power level.

In the tenth, eleventh and twelfth embodiments of
the present invention, the accumulation of the identified
indicators produces an accumulated clipped power (ACP)
value because the indicators each represent a signal
power level. The ACP value may be considered to
represent an expected amount of signal energy of the
prospective OFDM signal that would be lost 1f the
prospective signal was clipped at the signal power
threshold level (clipping level). It will be appreciated
that other accumulations may be carried out, however the
result of the accumulations carried out in the further
embodiments of the present invention disclosed herein
will be referred to as Accumulated Clipped Powers (ACP).

Figure 45 is a schematic diagram of parts of an OFDM
transmitter 620 according to the tenth embodiment of the
present invention. The OFDM transmitter 620 employs the
SLM technique.

The transmitter 620 comprises an available phase
vector storage unit 622, a phase vector selection unit
624, and a transmission unit 626. The available phase

vector storage unit 622 stores data relating to U
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available phase vectors. Each phase vector P, is made up
of N phase elements ¢, ¢., ¢,, .. , ®y1. Accordingly,
P, =[¢¥.d%,..d% ], where ¢'e027], ue{l..U}.

The phase vector selection unit 624 has access to
the stored available phase vectors and also receives a
block C of input data which is to be transmitted by the
transmitter 620 in a particular transmission time
interval (TTI). As is well known in the art, an OFDM
symbol is made up of a block of N modulation symbols, and
each of the N modulation symbols is transmitted using one
of the N orthogonal sub-carriers. The adjacent sub-
carrier separation is Af=1/T where T is the OFDM signal
duration (TTI duration). The resulting OFDM signal,
before application of one of the U available phase

vectors thereto, may be expressed as

1 & o
s =—=>c, g ™. 0<t<T (37)
\/ﬁn:O
Where (ﬁz@o c, v ch) represents a vector of N

constellation symbols from a constellation.

The phase vector selection unit 624 calculates the
vector product of the input data vector C and each of the
available phase vectors P, to produce U prospective OFDM
symbols.

Each prospective resulting OFDM signal, after
application of one of the U available phase vectors, may

be expressed as

Su(f)= ! Nv]c ej(zmAﬁw’l;) (38)

AN n=0 §

The time domain samples of each resulting OFDM signal are

thus given by

S(u)=[s0(u),sl(u),- 58 M_l(u)]T, u=l--U (39)
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where M represents the number of samples.

Tt may be assumed that the amplitude clipping
performed in the amplifier of the transmitter 620 limits
the peak envelope of the input signal to a predetermined
value, or otherwise passes the input signal undistorted.

That 1is,

S, h|< A (40)
de 0 s> 4

where ¢ (s) is the phase of S.
The calculation of the accumulated clipped power
(ACP) for the S1LM technique carried out in the

transmitter 620 is defined based on the following

procedure. The mean signal power g for each prospective
OFDM signal, i.e. after the application of each phase
vector P, of the U available phase vectors, 1s determined

as
p=E(s, @) k=l-M (41)

where E is an expectation/averaging function.

The clipping level A. is defined as

() gp = Hyg + A4 (42)

Accordingly, it can be seen that the clipping level
A, (i.e. the threshold used to identify the indicators)
is set at a level A above the mean signal power 4 in the
present embodiment. It will be appreciated, however,
that the clipping level A. could be set at any level.

The Accumulated Clipped Power (ACP) for each
candidate OFDM signal (i.e. for each prospective OFDM
signal formed by using one respective phase vector P, of
the U available phase vectors) may be calculated as

follows:
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M
ACP_ =y, (43)
k=0
where
7 = ‘sk(u)lz—Ac,when ’sk(u)|2>Ac (44)
=
0 Otherwise

It will be appreciated that the indicators are the
2
values ﬁ}@d , and that they are accumulated (i.e. the

parts of them that exceed A. are summed) to give an ACP
value in equation 43. Equation 43 serves only to
accumulate identified indicators because the other
indicators are effectively ignored in equation 44 (by
being assigned the value 0) so that they do not affect
the accumulation.

In order for the transmitter to transmit the most
suitable prospective OFDM signal, i.e. the OFDM signal
having the lowest ACP, the phase vector selection unit
624 accordingly selects the vector uac (i.e. P,, where u

= upcp ) so that the following equation is minimized.

min (ACP ) (45)
u

Put more simply, the one of the U available phase
vectors which causes the corresponding prospective OFDM
signal to have the lowest ACP is selected for use by the
transmission unit 626, and that value u of U values is
referred to as uacp.

Accordingly, the candidate OFDM symbol having the

lowest ACP, i.e. using the selected phase vector P

Ugcp 7

is then transmitted by the transmission unit 626.
Figure 46 is a flow chart for use in explaining

operations carried out in the transmitter 620.

Accordingly, the flowchart for Figure 46 details a method
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628 embodying the present invention. The method 628
comprises steps S10 to S13.

In step S10, the phasc vector selection unit 624
receives a block C of data to be transmitted by the

transmitter 620. In step S11, the phase vector selection
unit 624 calculates the vector product C® P, for each

one of the U available phase vectors.

In step S12, the phase vector PMP which generates

the OFDM signal with the lowest ACP is identified, for
example by applying equation (43) to calculate the ACP
value expected for the application of each phase vector
P,, and looking for the minimum ACP value. 1In step S13,
the block of data C is transmitted as an OFDM signal 627

using the identified phase vector P

v

Figures 47 and 48 are example wave form diagrams of
two prospective signals A and B, respectively. Figure 47
shows the expected signal power level of prospective OFDM
signal A which will be transmitted by the transmitter 620
1f the block of data C was combined with a first phase
vector P;. Figure 48 shows the expected signal power
level of prospective OFDM signal B, which will be
produced by combining the block of input data C with a
second phase vector P,. A predetermined signal power
clipping level is shown on each of Figures 47 and 48, and
may be the actual clipping level of an amplifier in the
transmitter 620, or may be set at a different level.

By comparing Figures 47 and 48, it can been seen
that the prospective signal A is expected to have a
slightly lower PAPR than the prospective signal B. This
can be seen because although the two signals are
reasonably similar, the signal peak of the waveform in
Figure 48 is higher than the signal peak in the waveform

of Figure 47. Accordingly, a previously-considered OFDM
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transmitter employing the SLM technigue and seeking to
transmit the prospective OFDM signal with the lowest PAPR
would choose to transmit the prospective signal A using
the phase vector P; , rather than the prospective signal
B.

Also by comparison of Figure 47 with Figure 48, it
can be seen that stronger signal elements are subject to
clipping in the prospective signal A than in the
prospective signal B. Accordingly, the prospective
signal B has a significantly less overall ACP than the
prospective signal A. Accordingly, the transmitter 620
embodying the present invention would choose to transmit
the prospective signal B using the phase vector P, ,
rather than the prospective signal A.

Simulations have been carried out to compare the
operation of a previously-considered OFDM transmitter
(employing the SLM technique based on direct PAPR
reduction) with a transmitter embodying the present
invention, for example the transmitter 620. The
transmitter 620 also employs the SLM technique but based
on direct ACP reduction.

Figure 49 is a table listing the system parameters
used for transmission in the simulations. Figure 49
shows that the simulations were carried out using two
different transmitter configurations. Firstly, the
simulations were carried out using 128 sub-carriers and
an SLM set size (i.e. the total number of available phase
vectors) of 64. Secondly, the simulations were carried
out using 512 sub-carriers, and an SIM set size of 128.
In each simulation, the synchronization was perfect, the
modulation scheme used was 16 QAM, the clipping level
employed was 2 dB, the sub-carrier spacing was 19.5 kHz,
and the transmission channel was modelled using an AWGN

(Additive White Gaussian Noise) model. Sampling rates of
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256 and 1024 samples per symbol were also used in the
simulations.

Figures 50 and 51 are graphs showing the results of
the simulations to compare previously-considered
“traditional” SLM employing dircct PAPR reduction, with
SILM employing direct ACP reduction embodying the present
invention. The graph of Figure 50 shows the results of
the simulations carried out using 128 sub-carriers, and a
SIM set size of 64. The graph of Figure 51 shows the
results of the simulations carried out using 512 sub-
carriers and a SLM set size of 128.

By considering the graphs of Figures 50 and 51, it
can be seen that it in each case the application of the
SLM technique employing ACP reduction, as carried out by
embodiments of the present invention, leads to improved
BER (bit error rate) as comparcd to the application of
the SLM technique employing direct PAPR reduction.

Figure 52 is a schematic diagram of parts of an OFDM
transmitter 630 according to the eleventh embodiment of
the present invention. The OFDM transmitter 630 employs
the PTS technique.

The transmitter 630 comprises a data symbol source
632, a pilot symbol source 634, a partitioning unit 636,
a sub-division unit 638, a plurality of IDFT units 640;
to 640, a plurality of multipliers 642; to 642y, an
optimisation unit 644, and a summation unit 646.

Data symbols DS for transmission are provided from
the data symbol source 632, along with pilot symbols PS
from the pilot symbol source 634, to the partitioning
unit 636 where the symbols are partitioned into vector
blocks X for assigning to the available N sub-carriers.

Each block X is output in turn from the partitioning

unit 636 to the sub-division unit 638 where it is
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partitioned into M pairwise disjoint sub-blocks X,, 1 <m
< M. All sub-carricr positions in Xp, which are already
represented in another sub-block are set to zero, so

that:

X = %Xm (46)

The overall process carried out in transmitter 630
seeks to alter the phase angles of the sub-carriers in
each sub-block through several iterations to obtain the
optimum combined output sequence, in which ACP is
minimized.

The phase—angle alteration is achieved by

introducing complex-valued rotation factors by, where:

bm:ej¢m (47)

¢, €02z], mef...M} (48)

This introduction of factors b, enables a modified

sub—-carrier vector:
X=Y¥X,b (49)
m=

which represents the same information as X, if the set
{bn, 1 £ m £ M} is known. Clearly, simply a joint rotation
of all sub-carriers in sub-block m by the same angle 4,
= arg(by,) is performed.

To calculate f:LDFTLf}, the linearity of the IDFT

is exploited. Accordingly, the sub-blocks are
transformed by M separate and parallel IDFTs in the IDFT

units 640: to 640y, yielding:
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M M
= 3b,IDFT{X,}= Yb,x, (50)
m=1

m=1
where the M so-called partial transmit sequences

x =IDFT{X )} have been introduced.
m m

Based on the partial transmit sequences x,, an
optimisation process is carried out in the optimisation
unit 644 to choose the vector b (being a possible set of
available factors bp ) so that the output signal has
minimum ACP. As will be described below, the
optimisation unit 644 selects the optimum vector

bAa)=[be2¢”,bM] to be applied to the multipliers 642; to

642y as shown in Figure 52.

Firstly, it will be appreciated that the time domain

samples of the signal X may be represented as

sk==%bmth (51)
m=1

where 0 £ k £ NL-1 assuming an L-times over-sampled time

domain signal.

Secondly, it is assumed that the amplitude clipping
in an amplifier of the transmitter 630 limits the peak
envelope of the input signal to a predetermined value or
otherwise passes the input signal undistorted (in a
similar way as described with respect to the transmitter

620 of Figure 45), that is,

B X, |5C”<A (52)
YT l4e PP, iz 4
where ¢(f) is the phase of X

The mean power of the signal X is determined as

follows,

u=E(s,[) (53)
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which of course depends on the chosen vector b be
equation 51 above. Again, E is an averaging/expectation
function.
The amplifier clipping level, or another level
equivalent thereto, A. is defined as:
(4)qp=Hap + Ay (54)
Accordingly, the ACP value for each vector b, i.e.

ACPp, is determined as follows:

NL-1
ACP,="Y m, (53)
k=0
where
- s ) —A,.when s, (B) >4, (56)
“ o Otherwise

The vector bACP is selected so that
min (4CP,) (57)
b
Accordingly, with the vector bACPselected, the

output signal is transmitted as

M~
< _ 58
xAcp - z]bm'xm ( )
m=

where

~

b ., =lb.by. b

(59)
ACP

a |

The output signal of equation 58 is formed in the
summation unit 646 and is transmitted by the transmitter
630.

It will be appreciated that the application of the
ACP technique to the PTS transmitter 630 of Figure 52 is
similar to the application of the ACP technique to the
SIM transmitter 20 of Figure 46.
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As indicated in Figure 52 by the dashed lines, one
skilled in the art will appreciate that the vector b may
optionally be of length M -1 and applied to all but ocne
of the M sub-blocks. That 1s, it can be assumed that
signals for one of the sub-blocks are not phase shifted,
or are shifted by a phase shift of zero. Accordingly,
multiplier 642, is optional in the transmitter 630.

Figure 53 is a flow chart for use in explaining
operations carried out in the transmitter 630.
Accordingly, the flowchart for Figure 53 detaills a method
640 embodying the present invention. The method 640
comprises steps S14 to S19.

In step S14, a block of data X is received by the
sub-division unit 638 from the partitioning unit 636. In
step S15, the block X is sub-divided into M pairwise
disjoint sub-blocks X,. Each sub-block X, is then
transformed by an IDFT in its corresponding IDFT unit
640, in step S16, to produce a corresponding so-called
Partial Transmit Sequence (PTS).

In step S17, a vector bAa>iS selected for use by the

transmitter 630 in accordance with equation 57 above.

Thus, in step S18, the partial transmit sequences x, are

phase shifted by the respective phase factors bm of bACP

in the multipliers 642, and in step S19 the
multiplication results are summed for transmission in the
addition unit 646.

Figure 54 is a schematic diagram of parts of an OFDM
transmitter 650 according to the twelfth embodiment of
the present invention. The OFDM transmitter 650 employs
the TR technique.

The transmitter 650 comprises a tone reservation

symbol source 652, a data symbol source 654, a tone
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allocation unit 656, an N-point IFFT unit 658, a
parallel-serial conversion unit 660, a memory 662, a
controller, 664, a first switch 666, a peak detection
unit 668, a circular shift unit 670, a scaling and phase
rotation unit 672, an adder/subtractor 674, a second
switch 676, and an ACP calculation unit 678.

In the operation of transmitter 650, a number L of
the N available OFDM sub-carriers are reserved. These L
reserved sub-carriers are not used to carry any data
information, and are only used for reducing the ACP value
of the transmitted OFDM signal. It is the reservation of
the L sub-carriers (or tones) that gives the Tone
Reservation technique its name.

The data symbols are supplied from the data symbol
source 654 to the tone allocation unit 656 as a data
vector X. The tone reservation symbols are supplied
from the tone reservation symbol source 652 to the tone
allocation unit 656 as a vector C, hereinafter to be
known as the peak reduction vector.

The data vectors X and C are configured so as to lie

in disjoint frequency subspaces, i.e., X,=0keli...i} and
C,=0,keli,..i;)} . That is, vectors X and C are of the same

size but each have zero values where the other has non-
zero values. Effectively, this means that the data
symbols of the data vector X are transmitted over N-1, of
the N available sub-carriers, and the symbols of the peak
reduction vector C are transmitted over the remaining L
sub-carriers of the N available sub-carriers. As will be
seen, this formulation is distortionless and may lead to
simple decoding of the data symbols that are extracted
from the eventual transmitted OFDM signal in the recelver,

by focusing exclusively on the set of valueské¢f{i...ij} at

the receiver FFT output. Moreover, it allows simple
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optimization techniques for the computation of the peak
reduction vector C . The L non-zero values in C will be
called peak reduction tcnes.

In order to gain a good understanding to the
transmitter 650 according to the twelfth embodiment, scme
background information regarding the TR technigue will be
briefly discussed as follows, and reference should be
made to the already-mentioned paper entitled “Tone
Reservation method for PAPR Reduction scheme”, IEEE

802.16e-03/60r1, Sung-Eun Park et al, Samsung Elec..
Let us assume that the L tones {j.i}, have been

fixed at the beginning of the transmission and that they
won’t be changed until the transmission is over or some
new information about the channel is fed back to the
transmitter. That is, let us assume that the L chosen
sub—carriers are fixed for the present discussion.
However, it will be appreciated that different

distributions of the L tones are possible.

Calling Cthe nonzero values of C , i.e., é={CEmC&V
and £2=[%Ju1qh] the submatrix of QO constructed by

choosing its columns {j...i;} , then ¢=0QC=0C . 1In a

previously-considered OFDM transmitter employing the TR
technique in conjunction with direct PAPR reduction, to
minimize the PAPR of X + C we must compute the vector c¥*

that minimizes the maximum peak value, i.e.:

h+dL:n@%h+Qé

min | (60)
c e¢]
A gradient algorithm i1s one preferred solution for
computing ¢* with low complexity. The basic idea of the
gradient algorithm is an iterative process of clipping

the prospective OFDM signal. As is well known in the art,

amplifiers are typically unable to handle signals outside
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their linear range. Accordingly, it can be advantageous
to clip the prospective OFDM signal peaks to a clipping
level in the time domain. This clipping can be
interpreted as subtracting an impulse function from the
OFDM signal, the impulse having been time shifted to the
location of the signal peak to be clipped, and scaled so
that the power of the peak tone should be reduced to the
desired target clipping level.

The use of an ideal impulse function is
disadvantageous, since such an impulse function has
frequency components at all sub-carrier freqguencies.
That is, the subtraction of a pure impulse function from
the prospective OFDM signal in the time domain will
affect all of the sub-carrier symbols of the
corresponding OFDM symbol in frequency domain. That is,
this subtraction in the time domain will alter not only C
but also X.

To overcome this problem, an impulse-like function
is designed, which only has frequency values in the
reserved tone locations, i.e. in the L tone locations
{i;,.,i;} . Accordingly, in the present embodiment of the
present invention, a particular vector P is employed and
may be input via the tone reservation symbol source 652
as a preferred version of the peak reduction vector C, or
may only be employed by the transmitter 650 in it’s IFFT
output form P as discussed below. Preferably, both P and

C are input to the transmitter 650. The vector P may be
defined as P, =Lkeli,..ij} and P, =0ke{i,..i,}. Also, the
IFFT output of P, i.e. p, may be defined as P=[RF...P,].
That is, P is the IFFT output of the vector P whose value
is 1 at the tone locations {i»-»i}, and 0 elsewhere. P

will be referred to as the peak reduction kernel and is,
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in frequency, only a function of the tone locations
(ipoeiy }

As the peak reduction kernel p is independent of the
data symbols, it can be calculated in advance of normal
operation of the transmitter 650 and stored in the memory
662. It will of course be appreciated that as the peak
reduction kernel p is a function of the tone locations

{ij.sii}, i.e. of the sub-carriers chosen to transmit the

reserved tones, a different peak reduction kernel p 1is
required for each different selection of the L reserved
tones (sub-carriers) from the N available tones (sub-
carriers). Accordingly, a number of different peak
reduction kernels P may be stored in the memory 662, each
corresponding to a different selection of the L reserved
tones.

It will be appreciated that the peak reduction

kernel p will have its peak at the location p, but will
also have some leakage at the locations p;**pPya. As the

number of the reserved tones L becomes larger, the peak

at the location py will of course become larger and the

leakage at the locations p;--py; will become smaller,

leading to a better performance of the transmitter.
Conversely, however, as the number L becomes larger, the
system redundancy increases, as fewer of the N sub-
carriers are used to carry data. This leads to a
decrease in system throughput. Accordingly, a trade-off
between performance and system throughput must be made
when selecting the number L.

Based on the above explanation, the memory 662 of
the transmitter 650 stores one or more peak reduction
kernels p, each relating to a different set of L sub-

carriers that may be chosen as the reserved tones.
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During operation, the controller 664 supplies a signal
690 to the tone allocation unit 656 to control which L
sub-carriers are used as reserved tones. The controller
664 also accesses the memory 662 to supply the
corresponding peak reduction kernel p to the circular
shift unit 670 via signal line 682.

The operation of the transmitter may therefore
proceed with either the peak reduction vector C, or the
vector P corresponding to the chosen peak reduction
kernel p, being supplied to the tone allocation unit 656
with the data vector X. An N-point IFFT is carried out
by the N-Point IFFT Unit 658, and the results are
parallel-serial converted in the parallel-serial
conversion unit 660.

At this time, the controller 664 controls the first
switch 666 via signal line 680 such that the time-domain
output signal of the parallel-serial conversion unit 660
passes from signal line 692 to signal line 694. A
gradient algorithm is hereinafter performed on the output
of the parallel-serial conversion unit 660 until the
signal has an acceptable ACP value, at which point it is
transmitted.

The gradient algorithm is an iterative clipping
algorithm using the chosen peak reduction kernel p. The
original output signal (OPl) passes from signal line 694
to the peak detection unit 668 where a peak (or several
peaks) to be eliminated therefrom is/are detected. For
the present explanation, however, it will be assumed that
only one peak is to be eliminated during each iteration.
Information derived from the peak detection unit 668 is
used to circular shift, scale, and phase rotate the
chosen peak reduction kernel P, supplied via signal line
682, in the time domain. This shifting, scaling and

phase rotating is carried out such that the peak of the
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chosen peak reduction kernel P is aligned with the
detected peak in the output signal, and has a magnitude
equal to the magnitude of the output signal above the
clipping level at that point. This shifted, scaled and
phase-rotated version of the chosen peak reduction kernel
P is subtracted from the original output signal OP1l by
the adder/subtracter 674 to produce a modified output
signal OP2.

As the vector P which produced the chosen peak
reduction kernel p only has values at the tone locations
{waﬁ}, this shifting, scaling and phase rotating in the
time domain only affects the values at those tone
locations (sub-carriers), and the other tones (sub-
carriers) remained unchanged. That is, importantly, the
data vector X remains present in the modified output
signal OPZ2 and is not affected by the iterative clipping
operations.

The ACP calculation unit 678 obtains an ACP value
for the modified output signal OP2 and supplies this to
the controller 664 via signal line 684. The ACP value
can be obtained from the samples of the output signal Sk
in a similar way as carried out by the previously-
described embodiments of the present invention. For
example, the ACP value for a particular output signal

having samples Sk may be determined as follows:
K-~1
ACP =Y 1, (61)
k=0
where K i1s the total number of samples for the particular
output signal, and where

— ‘Sklz‘Ac’When !Sk\2>AC (62)

n
g 0 Otherwise

and where the clipping level A, is:
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(A) g = Hag + 4 (63)
given that the mean signal power is determined as
2

If the ACP value is considered acceptable, the
controller 664 controls the second switch 676 via signal
line 686 to pass the modified output signal OP2 on for
transmission. Otherwise, the second switch 676 1is
controlled to pass the modified output signal OP2 along
signal line 696 back to the first switch 666. At this
time, the first switch 666 is controlled to pass the
input from signal line 696 onto signal line 694.
Accordingly, the iterative process is continued and a
further modified output signal OP3 is obtained.
Importantly, the data vector X remains present in the
further modified output signal OP3, and in all further
modified output signals, and is not affected by the
iterative clipping operations.

The iterative clipping operations are carried out
either until the modified output signal has an acceptable
ACP value, or until a set number of iterations have been
carried out. The final modified output signal is then
passed on for transmission.

It will be appreciated that, in another embodiment
of the present invention, the ACP value of the original
output signal OPl may be obtained before application of
the gradient algorithm. In that case, it is possible that
signal OP1l may have an acceptable ACP value and,
accordingly, the signal OP1l could then be transmitted
without application of the gradient algorithm. It will
further be appreciated that the optimization is carried
out on the time domain signal. Accordingly, only one

IFFT operation is needed and the complexity is very low.
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The gradient algorithm may be considered, for the
purpose of implementation, to be an operation carried out
on the time domain signal c, i.e. the IFFT output from

the vector C, by the following formulas:

(k+1 (k
+)=c

c "—a,pl(n-n)),] (65)

ww

n, = Argmaxix, +c, (66)

where @, is a scale and phase rotation factor depending
on the maximum peak found at iteration kX . The notation

p[«n—Wu»N] means that the peak reduction kernel p has

been circularly shifted in time by a value of n, .

This kernel has its maximum in the time domain at n
= 0 and, as explained above, its aim is to decrease the
high peak found at nx , without increasing the other

values of the OFDM symbol at m#mn, toco much. So the
selection of the tone location {js,i} is a critical point

of the ACP reduction performance. A pertinent choice for
P and therefore for the reserved tones is obtained by
minimizing its secondary peak.

The gradient algorithm may alternatively be
considered, for the purpose of implementation, to be an

exercise of the following iterative formula:

Xi+l — xi —u- Za;pn
Ixi >4 (31)
where: i is the iteration index;

» 1s the updating step size;
n is the index for which sample x, is greater

than the clipping threshold;
a, =x, —A-exp(j -angle(x,)) ; and

P is called peak reduction kernel vector.
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As already discussed, the kernel is a time domain
signal that is as close as possible to the ideal impulse
at the location where the sample amplitude is greater
than the predefined threshold. This way the peak could be
cancelled as much as possible without generating
secondary peaks.

It will be appreciated that the operation of the
transmitter 650 can be simplified by taking advantage of
the memory 662. That is, instead of providing a scaling
and phase rotation unit 672, the possible phase rotation
space can be divided equally into s parts, and the
possible amplitude space can be divided into t parts
represented by some special values according to different
FFT size and step length. For example, if FFT size is
1024, the phase is divided equally into six parts (i.e. s
= 6) represented by *7/6,27/2,£57/6 and the amplitude can
be chosen among 0.01,0.04,0.08,0.12,0.16, (i.e. t = 5).
It can be seen that t x s combinations of the phase
shifts and the amplitudes exist, and these modifications
of the peak reduction kernel P can be stored in advance.
In the present example, only 30 peak reduction kernels
need to be stored ( 5 x 6 = 30).

It can be seen that possible gradient algorithm

equation 67 seeks to cancel all peaks that satisfy |x, |[>4

n;

in each iteration cycle, rather than just one peak as
described above with reference to Figure 54. It can
thercfore be seen that a balance can be achieved in the
computational burden on the transmitter 650 by choosing a

fixed number of peaks to be cancelled in one iteration

instead of all the peaks that satisfy >4 .

xni

Figure 55 is a flow chart for use in explaining

operations carried out in the transmitter 650.

Accordingly, the flow chart of Figure 55 details a method
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700 for use in the twelfth embodiment of the present
invention. The method 700 may be carried out in advance
of “normal” operation of the transmitter 650. For
example, the method 700 may be carried out when the
transmitter 650 is offline. The method 700 comprises
steps 520 to S524.

In step S20, a sub-set L of the available N sub-
carriers of the transmitter 650 is selected for tone
reservation. The sub-set L need not be adjacently
located sub-carriers, and may instead be distributed
evenly, or unevenly, across the available N sub-carriers.
That is, the L sub-carriers are not used for the
transmission of data, and are used only to oplimise the
ACP value of the transmitted OFDM signal.

In step S21, a vector P is obtained for the selected
L sub-carriers. As mentioned above with reference to
Figure 54, the obtained vector P has a value of 1 for
each of the L reserved sub-carriers, and a value of 0 for
each of the remaining N-L sub-carriers. 1In step S22, a
peak reduction kernel p is generated by performing an
IFFT on the vector P. The method then may proceed to
step SZ24 in which the peak reduction kernel p is stored
in the memory 662 of the transmitter 650.

Optionally, the method 700 may proceed from step S22
to step S24 via step S$23. In step S$S23, a plurality of
scaled and phase-shifted variations of the peak reduction
kernel P are generated. For example, 30 variations may
be generated as per the example provided in respect of
Figure 54. The variations of the peak reduction kernel p
may also be stored in the memory 662 of the transmitter
650 in step S24 of the method 700.

Figure 56 is a flow chart for use in explaining
operations carried out in the transmitter 650. The flow

chart of Figure 56 details a method 710 embodying the
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present invention. The method 710 may be carried out
during normal operation of the transmitter 650, for
example when the transmitter 650 is online. The method
710 comprises steps S25 to S39.

In step S25, the data vector X and the reserved tone
vector C are received. 1In step S$S26 the vectors X and C
are combined and an IFFT operation is performed thereon,
to produce a prospective OFDM signal S27. It will be
appreciated that the vector C could optionally be
identical to the vector P of step $21 of method 700.

In step S28, a decision is made as to whether the
prospective signal of step $27 is acceptable for
transmission. This decision is made by determining its
ACP value, and by assessing whether this ACP value is
acceptable. The ACP value may be determined by employing
equations 61 to 64 above. The acceptability of the
determined ACP value may be decided by comparing it to a
target ACP value considered acceptable.

If the prospective signal of step S27 is acceptable
for transmission, the method 710 proceeds to step S$S39 in
which the prospective signal cof step $27 is transmitted.
The method 710 then terminates. 1If, however, the ACP
value of the prospective signal of step S27 shows that
the prospective signal of step S27 is not acceptable for
transmission, the method 710 proceeds to step S$S29, in
which a gradient algorithm is initiated.

In step S30, a counter i is set to zero. 1In step
831, a peak, or peaks, in the newest prospective signal
(in this case the prospective signal of step S$S27) is
detected. 1In step S32, the peak reduction kernel p
stored in the memory 662 of the transmitter 650 is scaled,
phase-rotated, and shifted so as to be correctly
positioned to clip one or more of the detected peaks in

the prospective signal. It will of course be appreciated
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that in step S$32, the scaled, phase-rotated and shifted
peak-reduction kernel may be selected from the memory 662
of the transmitter 650, rather than generated. This
selection, rather than generation, be carried out, for
example, if the method 700 has already generated the
necessary variations of the peak reduction kernel in step
523, and stored them in the memory 662 in step S24.

In step S33, the scaled, phase-rotated and shifted
peak reduction kernel is subtracted from the most recent
prospective signal (in this case, the prospective signal
of step S27) thereby producing a new prospective signal
in step S34.

In step S35, a decision is made as to whether the
counter 1 is equal to a maximum value iwax. That is, in
step S35 a decision is made as to whether the method 710
has passed through steps S31 to $34 a certain number of
times. TIf i = imax, the method proceeds to step S38, in
which the gradient algorithm is terminated, and the
newest prospective signal (in this case the prospective
signal of step S34) is transmitted in step S39. 1If,
however, i “ i wmax, the method 710 proceeds to step S36,
in which a decision is made as to whether the most recent
prospective signal has an ACP value that is acceptable.
If the most recent (newest) prospective signal has an
acceptable ACP value, the method proceeds to step S38 in
which the gradient algorithm is terminated, and the
newest prospective signal is transmitted in step S$39.

If, in step S36, it is determined that the most
recent prospective signal does not have an acceptable ACP
value, the method proceeds to step S37, in which the
counter i is incremented (i.e. by performing i = i + 1).
The method then proceeds to step S31, in which the

gradient algorithm is run for a second time. The method
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710 then proceeds through steps $32 to S34 as described
above.

Tt will be appreciated that the method 710 will
continue to cycle through steps S31 to S34 until a
positive outcome is obtained from either step S35 or step
S36. The repeating steps S31 to $34 therefore carry out
the iterative function of the gradient algorithm.

Possible implementations of the methods 700 and 710

can be summarised as follows:

e Off line computation (method 700, Figure 55):

1. Calculate the original kernel vectorPpbased on 2-

norm criteria, which is the IFFT ofl, (all tones
except guard band) ;

2. Quantify the original kernel to get derived
kernels and store them in advance (for example,
in memory 662) .

® Online iterations(method 710, Figure 56): This

algorithm is based on each input OFDM symbol.

1. Select the target ACP value and corresponding
threshold 4, the threshold which corresponds to
the clipping level of the amplifier. Note that
the threshold A may correspond to a different
level to the actual clipping level of the
amplifier;

2. Initially, set X0=X;

3. For the entire samples of a symbol determine the

ACP for the locations# in which|x, |[>4.

le

i

4. If the overall ACP is below the target threshold

transmitx’ . Otherwise, search in the derived
kernels to find matched one and right circle

shift in time domain;

5. Updatefaccording to Equation 53;
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6. Repeat steps 3 to step 5 until ireaches maximum

iteration limit, and transmit the finalX .

It will of course be appreciated that embodiments of
the present invention described with reference to Figures
43 to 56 employ an ACP technique, in which an Accumulated
Clipped Power measurement is taken of a prospective OFDM
signal. It will further be appreciated that these
embodiments of the present invention seek to reduce an
ACP value of a transmitted signal by selecting for
transmission a prospective OFDM from a plurality of
prospective OFDM signals with the lowest, or with an
acceptable, ACP value. The equations 61 to 64 disclosed
above may be seen as generic ACP calculating equations,
which may be employed in any OFDM transmitter.
Accordingly, the use of an ACP value as a tool for
selecting a prospective OFDM from a plurality of
prospective OFDM signals may be applied to any OFDM
transmitter, other than the SLM, PTS, and TR OFDM
transmitters disclosed herein. Such transmitters, and
the methods used therein would accordingly embody the
present invention.

Embodiments of the present invention may be
implemented in hardware, or as software modules running
On one Or more processors, or on a combination thereof.
That is, those skilled in the art will appreciate that a
microprocessor or digital signal processor (DSP) may be
used in practice to implement some or all of the
functionality of a transmitter embodying the present
invention. The invention may also be embodied as one or
more device or apparatus programs (e.g. computer pPrograms
and computer program products) for carrying out part or

all of any of the methods described herein. Such
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programs embodying the present invention may be stored on
computer-readable media, or could, for example, be in the
form of one or more signals. Such signals may be data
signals downloadable from an Internet website, or
provided on a carrier signal, or in any other form.

It will be appreciated that embodiments of the
present invention render SLM and PTS techniques more
feasible when large numbers of sub carriers are involved.
The prohibitive complexity of mathematical operations and
signalling in this case can be reduced.

As shown in Figures 50 and 51, the tenth embodiment
of the present invention can break the performance limit
of the “traditional” SLM technique in which direct PAPR
rcduction is sought. That is, the tenth embodiment
exceeds the BER performance of the traditional technique
and thus achieves improvement of amplifier behaviour in a
transmitter with the same number U of phase vectors and
negligible increased processing power. Accordingly, a
reduced number U could be used in SLM embodiments of the
present invention to gain the same performance as in
traditional SLM transmitters, in which direct PAPR
reduction is sought.

The eleventh embodiment of the present invention can
also break the performance limit of the “traditional” PTS
technique in which direct PAPR reduction is sought. That
is, such embodiments exceed the BER performance of the
traditional technique and thus achieve improvement of
amplifier behaviour in a transmitter with the same number
of sub-blocks, IFFT processing blocks, and sets of phase
factors. Accordingly, a reduced number of sub-blocks,
IFFT processing blocks, and sets of phase factors could
be used in PTS embodiments of the present invention to
gain the same performance as in traditional PTS

transmitters, in which direct PAPR reduction is sought.
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Similarly, the twelfth embodiment of the present
invention can also break the performance limit of the
“traditional” TR technique in which direct PAPR reduction
is sought. The gradient algorithm is stopped at a point
where a prospective OFDM signal having an acceptable ACP
value, rather than an acceptable PAPR value. Simulations
show that this operation will lead to a better overall
BER.

It can thus be appreciated that the ninth to twelfth
embodiments of the present invention can operate with a
lower overall transmit power, and thus with a reduced
battery power consumption as compared with existing OFDM
transmitters, whilst retaining at least the same level of
performance.

It is envisaged that embodiments of the present
invention may be employed in, for example, WiMAX and LTE
UTRAN systems.

In embodiments of the invention, the various units,
such as the control unit, may be implemented by a
processor such as a DSP running appropriate software. By
reducing the processing burden a processor having a lower
processing capacity may be used, saving cost. Of course,
the units may be implemented in hardware, in which case a
reduction in processing burden may enable the amount of

hardware to be reduced, also saving cost.
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3. Brief Description of the

(218)

Drawings

Figure 1, discussed hereinbefore, shows a

previously-proposed
Figure 2 shows
transmitter adapted
Figure 3 shows
transmitter adapted
Figure 4 shows
transmitter adapted

Figure 5 shows

according to a first embodiment of the present invention;

OFDM transmitter;

parts of
to carry
parts of
to carry
parts of
to carry

parts of

a previously-proposed OFDM
out a PTS method;
a previously-proposed OFDM
out a SLM method;
a previously-proposed OFDM
out a TR method;

an OFDM transmitter

Figure 6 shows parts of an OFDM transmitter

according to a second embodiment of the present

invention;

Figure 7 shows an example of one implementation of a

part of the transmitter of Figure 6;

Figure 8 shows parts of an OFDM transmitter

according to a third

Figures 9 to 12
explaining different
which can be used in

invention;

embodiment of the present invention;

are schematic views for use in

examples of a signalling method

the third embodiment of the present

Figure 13 shows parts of an OFDM receiver adapted

for use with the transmitter of the first embodiment;

Figure 14 shows parts of an OFDM receiver adapted

for use with the OFDM transmitter of the third

embodiment;

Figure 15 shows parts of an ODFM transmitter

according to a fourth embodiment of the present

invention;

JP 2007-259445 A 2007.10.
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Figure 16 shows parts of an OFDM receiver adapted
for use with the transmitter of the fourth embodiment:

Figures 17 to 19 show graphs illustrating simulated
performances of embodiments of the invention and other
systems;

Figure 20 shows parts of an OFDM transmitter
according to a fifth embodiment of the present invention;

Figures 21(A) and 21(B) are schematic views for use
in explaining a first approach which can be applied by
the transmitter of the fifth embodiment;

Figures 22 (A) and 22 (B) show further schematic
diagrams for use in explaining possible further
approaches which can be applied by the transmitter of the
fifth embodiment;

Figure 23 shows parts of a first OFDM system in
which the transmitter of the fifth embodiment can be
used;

Figure 24 shows parts of a second OFDM system in
which the transmitter of the fifth embodiment can be
used;

Figure 25 shows parts of an OFDM receiver adapted
for use with the transmitter of the fifth embodiment;

Figure 26 shows parts of a third OFDM system in
which the transmitter of the fifth embodiment can be
applied;

Figures 27 to 29 show graphs presenting simulated
performances of the fifth embodiment of the present
invention and other systems;

Figure 30 shows parts of an OFDM transmitter
according to a sixth embodiment of the present invention;

Figure 31 shows parts of an OFDM receiver adapted

for use with the transmitter of the sixth embodiment;

.4
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Figure 32 shows parts of an OFDM transmitter
according to a seventh embodiment of the present
invention;

Figure 33 shows parts of an OFDM receiver adapted
for use with the transmitter of the seventh embodiment;
Figure 34 shows parts of another OFDM receiver
adapted for use with the transmitter of the seventh

embodiment;

Figure 35 shows parts of an OFDM transmitter
according to an eighth embodiment of the present
invention;

Figure 36 is a schematic view for illustrating a
first approach which can be applied by the transmitter of
the eighth embodiment;

Figure 37 is a schematic diagram for use in
explaining a second approach which can be applied by the
transmitter of the eighth embodiment;

Figure 38 is a schematic diagram for use in
explaining a third approach which may be adopted in the
transmitter of the eighth embodiment;

Figure 39 is a schematic diagram for use in
explaining a fourth approach which can be adopted in the
transmitter of the eighth embodiment;

Figure 40 shows parts of an OFDM receiver adapted
for use with the transmitter of the eighth embodiment;

Figure 41 shows parts of another OFDM receiver
adapted for use with the transmitter of the eighth
embodiment;

Figure 42 is a graph presenting simulated
performances of the eighth embodiment and other systems;

Figure 43 is a flow chart of a transmission method
embodying a further aspect of the present invention;

Figure 44 is a schematic diagram of a transmitter

according to a ninth embodiment of the present invention:

.4
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Figure 45 is a schematic diagram of a transmitter
according to a tenth embodiment of the present invention;

Figure 46 1is a flow chart for use in explaining
operation of the transmitter of the tenth embodiment;

Figures 47 and 48 are example waveform diagrams of
prospective signals A and B:

Figure 49 is a table of simulation parameters;

Figures 50 and 51 are graphs showing the results of
simulations;

Figure 52 1is a schematic diagram of a transmitter
according to an eleventh embodiment of the present
invention;

Figure 53 is a flow chart for use in explaining
operation of the transmitter of the eleventh embodiment;

Figure 54 is a schematic diagram of a transmitter
according to a twelfth embodiment of the present
invention; and

Figures 55 and 56 are flowcharts for use in explaining

operation of the transmitter of the twelfth embodiment.
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1. Claims

1. A method of transmitting an orthogonal
frequency division multiplexing (OFDM) signal,
comprising:

receiving a group of input symbols based on which
the transmitted signal is to be generated;

selecting, from among a plurality of available
allocations of input symbols to sub-carriers, one
allocation to apply to the received group of input
symbols, each said available allocation serving to
allocate the input symbols to respective sub-carriers in
a different way from each other available allocation, and
the allocation selection being based on predicted values
of a predetermined property of the transmitted signal for
different available allocations; and

generating the transmitted signal using the selected

allocation.

2. A method as claimed in c¢laim 1, wherein the
predetermined property 1is a measure of non-linear
behaviour predicted in an amplifier when the amplifier
amplifies a transmitted signal generated using the

allocation concerned.

3. A method as claimed in claim 1, wherein the
predetermined property is a peak-to-average power of a
transmitted signal generated using the allocation

concerned.

4, A method as claimed in claim 3, wherein the
allocation that 1is selected is the allocation which,
among the different allocations considered, has a lowest

predicted peak-to-average power ratio.
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5. A method as claimed in any preceding claim,
wherein, in selecting the allocation, a potential
transmitted signal is generated for each said available
allocation and a measure of said predetermined property
of the potential transmitted signal is produced and

employed to select one of the available allocations.

6. A method as claimed in any preceding claim,
wherein the number of said available allocations 1is
limited to a subset of the full set of ©possible

allocations of said input signals to said sub-carriers.

7. A method as claimed in any preceding claim,
wherein the available allocations are limited to two or

more different rotations.

8. A method as claimed in any preceding claim,
wherein the available allocations are or include one or
more regular rotations, the or each said regular rotation
imposing the samc circular shift on every input symbol of

the group to determine its corresponding sub-carrier.

9. A method as claimed in claim 8, having at least
first and second such regular rotations, the method
comprising:

predicting a value of said predetermined property
for said first regular rotation; and

employing data produced in the process of obtaining
the prediction for the first regular rotation to predict
a value of said predetermined property for said second

regular rotation.
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10. A method as claimed in claim 8, having at least
first and second such regular rotations, the method
comprising:

generating a potential transmitted signal for said
first regular rotation; and

employing a recursive operation to generate a
potential transmitted signal for the second and for any
further regular rotations based on the potential
transmitted signal generated for the first regular

rotation.

11. A method as claimed in any preceding claim,
wherein the available allocations are or include one or
more 1irregular rotations, the or each said irregular
rotation dividing the input symbols of said group into at
least first and second sub-groups and imposing a first
circular shift on each input symbol of the first sub-
group to determine its corresponding sub-carrier and
imposing no circular shift or a second circular shift,
different from said first cyclic shift, on each input
symbol of another group to determine its corresponding

sub-carrier.

12. A method as claimed in claim 11, wherein said
first sub-group is made up of even-numbered input symbols
within the group of input symbols and said second sub-
group of input symbols is made up of odd-numbered input
symbols within the group of input symbols, and each
different irregular rotation imposes a different circular
shift on the even-numbered input symbols and no circular

shift on the odd-numbered input symbols.

13. A method as claimed in claim 11, wherein the

available allocations are or include harmonised rotations



T T e T e T e T e T e O e O e O s O e, O e, O e B e, O e, T s R e R e N e T e T e T e T e T e T e T e T e T e T e T e T e T e B e B e B e T e T e T e B e T s T e B e D e T e B

[

10

20

30

(225) JP 2007-259445 A 2007.10.4

in which said group of input symbols is sub-divided into
a plurality of sub-groups each having the same number of
input symbols, each said sub-group being allocated to a
corresponding fixed set of said sub-carriers, and each
said harmonised rotation serving to allocate the input
symbols of each sub—group to respective ones of the sub-
carriers of the corresponding set of sub-carriers, the
circular shift of the input symbols to determine the sub-

carriers being the same for all of the sub-groups.

14. A method as claimed in any preceding claim,
further comprising:
signalling to a receiver allocation information for

use by the receiver to identify the selected allocation.

15. A method as claimed in claim 14, wherein said
signalling 1is carried out by generating at least one
rotational pilot symbol and allocating the or each said
rotational pilot symbol to a particular further one of
the sub-carriers, the further sub-carrier being dependent
on the selected allocation and being different from each
of the sub-carriers to which the input symbols have been

allocated.

16. A method as claimed in «c¢laim 15, further
comprising transmitting the or at least one rotational

pilot symbol at a higher power than the input symbols.

17. A method as claimed 1in claim 14, wherein the
input symbols include regular pilot symbols arranged in a
pseudo-random pattern within said group of symbols, and
said signalling 1is carried out by setting a start
position of said pseudo-random pattern within the group

in dependence upon the selected allocation.
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18. A method as claimed in any preceding claim,
further comprising:

prior to selecting the allocation, applying
respective preselected phase adjustments to the received

input symbols of the group.

19. A method as claimed in claim 18, wherein only a
single set of the preselected phase adjustments 1is
available to apply to any one group of the received input

symbols.

20. A method as claimed in any preceding claim,
wherein the generation of the transmitted signal also
involves applying further processing, in addition to
selecting one allocation, to control said predetermined

property of the transmitted signal.

21. A method as claimed in claim 20, wherein said
further processing 1is one of selected mapping (SLM)
processing, partial transmit sequence (PTS) processing,

and tone reservation (TR) processing.

22. A method as claimed in claim 20 or 21, wherein
said further processing involves selecting one processing
option from among a plurality of available processing
options to use to generate the transmitted signal, the
processing option selection being based on predicted
values of said predetermined property for different

processing options if used to generate the transmitted

signal.
23. A method as claimed in claim 22, wherein, in
selecting the allocation and processing option, all
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combinations of available allocation and available

processing option are considered.

24. A method as claimed in claim 22, wherein, in
selecting the allocation and processing option, the
allocation 1s selected first and then the processing
option 1is selected based on said predicted values for
different processing options when used in combination

with the selected allocation to generate the transmitted

signal.
25. A method as claimed in claim 22, wherein, in
selecting the allocation and processing option, the

processing option is selected first and then the
allocation is selected based on said predicted values for
different allocations when used in combination with the
selected processing option to generate the transmitted

signal.

26. A method as claimed in any one of claims 22 to
25, wherein each said available processing option
involves applying a particular set of phase adjustments

to the transmitted signal.

27. A method as claimed in any one of claims 20 to
26, wherein the generation of the transmitted signal
further comprises deciding if an acceptable value of said
predetermined property 1is achievable Dby use of the
allocation selection without applying further processing

and, if so, omitting the further processing.

28. A method as claimed in any one of claims 20 to
27, wherein said further processing employs an iterative

method to adjust, in each of a series of iterations, a
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control parameter whose wvalue has an effect on said
predetermined property of the transmitted signal, so that
over the series of iterations the control parameter tends
to converge towards a desired value of said predetermined

property.

29. A method as claimed in claim 28, wherein said
further processing involves carrying out for each said
avallable allocation a corresponding instance of the
iterative method, and in said selecting step the
allocation and its said corresponding instance of the
iterative method are selected based on said predicted
values for different allocations after processing by the
respective corresponding 1instances of the iterative

method.

30. A method as claimed in claim 29, wherein each
said instance of the iterative method is operated for a
full series of iterations prior to selecting the

allocation and its said corresponding instance.

31. A method as claimed in claim 29, wherein the
allocation and 1its said corresponding instance are
selected when each said instance of the iterative method
has been operated for 1less than a full series of
iterations, and only the selected instance continues to

operate after the selection has been made.

32. A method as claimed in any one of claims 28 to

31, wherein said iterative method is a gradient algorithm.

33. A method as claimed in any one of claims 28 to
32, wherein said further processing is a tone reservation

(TR) technique.



T T e T e T e T e T e O e O e O s O e, O e, O e B e, O e, T s R e R e N e T e T e T e T e T e T e T e T e T e T e T e T e T e B e B e B e T e T e T e B e T s T e B e D e T e B

[

10

15

20

25

30

(229) JP 2007-259445 A 2007.10.4

34. A method as claimed in claim 33, wherein said
control parameter 1is a peak reduction code of the TR

technique.

35. A transmitter adapted to transmit an orthogonal
frequency division multiplexing (OFDM) signal,
comprising:

receiving means for receiving a group of input
symbols based on which the transmitted signal 1s to be
generated;

allocation selection means for selecting, from among
a plurality of available allocations of input symbols to
sub-carriers, one allocation to apply to the received
group of input symbols, each said available allocation
serving to allocate the input symbols to respective sub-
carriers 1in a different way from each other available
allocation, and said allocation selection means being
operable to obtain predicted values of a predetermined
property of the transmitted signal for different
available allocations and to base the allocation
selection on the predicted values; and

signal generation means for generating the

transmitted signal using the selected allocation.

36. A method of receiving an orthogonal frequency
division multiplexing (OFDM) signal, comprising:

obtaining allocation information for the received
signal, said allocation information identifying which one
of a plurality of allocations of input symbols to sub-
carriers was applied by a transmitter of the received
signal to a group of input symbols carried by the

received signal;
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processing the received signal to recover therefrom
a group of output symbols; and

employing the obtained allocation information to
reorder the group of output symbols so that the output
symbols have the same order as the input symbols had
prior to application of said allocation Dby the

transmitter.

37. A method as claimed in claim 36, comprising:

detecting one or more rotational pilot symbols
included in the received signal by said transmitter, and
deriving said allocation information for the received
signal from a sub-carrier position of at least one such

detected rotational pilot symbol.

38. A method as claimed in claim 36 or 37, further
comprising applying Lespective preselected phase
adjustments to the output symbols of the group to
compensate for corresponding phase adjustments carried

out by the transmitter.

39. A method as claimed in claim 38, wherein only a
single set of the preselected phase adjustments 1is

available to apply to any one group of the output symbols.

40. A receiver adapted to. receive an orthogonal
frequency division multiplexing (OFDM) signal,
comprising:

allocation information obtaining means for obtaining
allocation information for the received signal, the
allocation information identifying which one of a
plurality of allocations of input symbols to sub-carriers
was applied by a transmitter of the received signal to a

group of input symbols carried by the received signal;
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processing means for processing the received signal
to recover therefrom a group of output symbols; and

reordering means for employing the obtained
allocation information to reorder the group of output
symbols so that the output symbols have the same order as
the input symbols had prior to application of said

allocation by the transmitter.

41. A receiver as claimed in claim 40, wherein said
transmitter applies further processing, in addition to
application of such an allocation of input symbols to
sub-carriers, to the signal transmitted thereby, and said
processing means 1s adapted to process the received
signal to recover the group of output symbols therefrom

taking account of said further processing.

42. A method as claimed in claim 41, wherein said
further processing 1is one of selected mapping (SLM)
processing, partial transmit sequence (PTS) processing,

and tone reservation (TR) processing.

43. A receiver as claimed in claim 40, 41 or 42,
wherein said allocation information obtaining means
comprises pilot symbol detecting means operable to detect
one or more rotational pilot symbols included in the
received signal Dby the transmitter, the allocation
information obtaining means being operable to derive said
allocation information from a sub-carrier position of at

least one such detected rotational pilot symbol.

44, A receilver as claimed in any one of claims 38
to 41, wherein said processing means include phase
adjustment means operable to apply respective preselected

phase adjustments to the output symbols of the group to
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compensate for corresponding phase adjustments carried

out by the transmitter.

45. An operating program which, when executed by a
processor in a transmitter adapted to transmit an
orthogonal frequency division multiplexing (ODFM) signal,
causes the transmitter to carry out the transmitting

method of any one of claims 1 to 34.

46. An operating program which, when executed by a
processor in a receiver adapted to receive an orthogonal
frequency division multiplexing (ODFM) signal, causes the
receiver to carry out the receiving method of any one of

claims 36 to 39.

47. A transmission method for use in an OFDM
transmitter, the method comprising:

obtaining a plurality of indicators for a
prospective OFDM signal, each indicator of said plurality
of indicators being indicative of a magnitude of a
predetermined property of its prospective OFDM signal
expected at a respective signal time;

identifying each indicator of said plurality of
indicators which indicates that the expected magnitude at
the signal time concerned satisfies a predetermined
condition;

accumulating the identified indicators;

assessing the suitability of said signal for
transmission in dependence upon a result of said
accumulation; and

transmitting either said signal or another

prospective OFDM signal in dependence upon the assessed

suitability.
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48. A transmission method according to claim 47,
comprising performing said obtaining, identifying,
accumulating and assessing steps for a plurality of
prospective OFDM signals, and transmitting one of said
prospective OFDM signals in dependence upon the
respective suitabilities of those signals for

transmission.

49. A transmission method according to claim 47 or
49, wherein said predetermined condition is that the
magnitude cof the indicator concerned is greater than a

predetermined threshold level.

50. A transmission method according to claim 47, 48
or 49, wherein each said indicator is indicative of a

power level of its prospective OFDM signal.

51. A transmission method according to claim 49 or
50, wherein said predetermined threshold level is a power

threshold level.

52. A transmission method according to claim 51,
wherein said power threshold level is equal to a clipping
level of an amplifier in said transmitter at which the

amplifier ceases to operate linearly.

53. A transmission method according to claim 51,
wherein said power threshold level is higher than a
clipping level of an amplifier in said transmitter at

which the amplifier ceases to operate linearly.

54. A transmission method according to any one of
claims 47 to 53, wherein the or each prospective OFDM

signal is defined at a plurality of sample times, the

.4
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method comprising obtaining, for the or each prospective

signal, an indicator for each such sample time.

55. A transmission method according to any one of
claims 49 to 54, wherein the magnitude of each identified
indicator exceeds the predetcrmined threshold level by a
respective excess amounl, and wherein the or each
accumulating step comprises summing the excess amounts
for the identified indicators obtained for the

prospective OFDM signal concerned.

56. A transmission method according to any one of
claims 47 to 55, wherein the or each assessing step
comprises comparing the result of the accumulation
concerned with a target value, and determining that the
OFDM signal concerned 1s suitable for transmission if

that result is below the target value.

57. A transmission method according to any one of
claims 47 to 55, wherein the or each assessing step
comprises comparing the result of the accumulation
concerned with the result of at least one other
accumulation, and determining that the OFDM signal
concerned is suitable for transmission if that result is

smaller than at least that other result.

58. A transmission method according to any one of
claims 47 to 57, further comprising employing a phase
adjustment technique in which two or more prospective
OFDM signals are formed from the same set of symbols by

applying different sets of phase adjustments thereto.
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59. A transmission method according to claim 58,
wherein said phase adjustment technique is a selective

mapping (SLM) technique.

60. A transmission method according to any one of
claims 47 to 58, further comprising employing a phase
adjustment technique in which two or more prospective
OFDM signals are formed from the same set of data
sequences by applying a different set of phase
adjustments thereto, wherein:

each sequence of the set of seguences is the inverse
Fourier transform of a corresponding sub-block of
symbols; and

for each said prospective OFDM signal, each phase
adjustment of the set of phase adjustments concerned is

applied to a different one of said sequences.

6l. A transmission method according to claim 60,
wherein said phase adjustment technique is a partial

transmit sequence (PTS) technique.

62. A transmission method according to any one of
claims 47 to 58, further comprising employing a
reservation technique in which a plurality of the
available sub-carriers are reserved for signal adjustment,
wherein the or each prospective OFDM signal is formed
during a cycle of an iterative process performed on an
initial OFDM signal, said process comprising, in a first
cycle, subtracting a signal having no substantial
frequency components in unreserved sub-carriers from the
initial OFDM signal to form one said prospective OFDM
signal and, in second and successive cycles, subtracting
the or another signal also having no substantial

frequency components in unreserved sub-carriers from the



T T e T e T e T e T e O e O e O s O e, O e, O e B e, O e, T s R e R e N e T e T e T e T e T e T e T e T e T e T e T e T e T e B e B e B e T e T e T e B e T s T e B e D e T e B

[

10

15

20

25

(236) JP 2007-259445 A 2007.10.4

prospective OFDM signal formed in the preceding cycle to

form another said prospective OFDM signal.

63. A transmission method according to claim 62,
wherein said reservation technique is a tone reservation

(TR) technique.

64. An OFDM transmitter, comprising:

indicator obtaining means operable to obtain a
plurality of indicators for a prospective OFDM signal,
each indicator of said plurality of indicators being
indicative of a magnitude of a predetermined property of
its prospective OFDM signal expected at a respective
signal time;

identification means operable to identify each
indicator of said plurality of indicators which indicates
that the expected magnitude at the signal time concerned
satisfies a predetermined condition;

accumulating means operable to accumulate the
identified indicators;

assessing means operable to assess the suitability
of said signal for transmission in dependence upon a
result of said accumulation; and

transmitting means operable to transmit either said
signal or another prospective OFDM signal in dependence

upon the assessed suitability.
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1. Abstract
OFDM COMMUNICATION SYSTEMS, TRANSMITTERS AND METHODS

A transmitter (100) transmits an orthogonal
frequency division multiplexing (OFDM) signal. A control
unit (104) receives a group of input symbols (X, to Xy.1)
based on which the transmitted signal is to be generated.
The control wunit selects, from among a plurality of
available allocations of input symbols to sub-carriers,
one allocation to apply to the received group of input
symbols. Each available allocation serves to allocate
the 1input symbols to respective sub-carriers in a
different way from each other available allocation. The
allocation selection 1is based on predicted values of a
predetermined property, e.g. a peak-to-average power
ratio (PAPR), of the transmitted signal for different
available allocations. The available allocations may be
different rotations. Further elements (102, 14, 16) of
the transmitter generate the transmitted signal using the
selected allocation.

Such allocation selection can improve the
predetermined property of the transmitted signal without
imposing a significant processing burden.

In another aspect of the invention (Figures 43 to
56), the predetermined property of the transmitted signal
is an accumulated clipped power measure. This measure is
generally applicable in place of a direct PAPR measure in
transmitters which use selective mapping (SLM), partial
transmit sequence (PTS) and tone regeneration (TR)
techniques to deal with non-linear amplifier behaviour.

[Figure 5]



JP 2007-259445 A 2007.10.4

(238)

1/48

2/48

2614

4
/
. .| 3odnos o
: N yaLuzmnoo | ST WVO 3
C TV
-— + 05 NOISING 04
. J TOBWAS “WINIS HOLYHINTD
1401 (= TOB1AS
i % 1079,
49 \\ !
& o
95T ‘é‘\ L4ai A|1W«|b
’ g
L] % e B
Ny
g
4 bid
0z Frd 4
/ /
T li
LIND
NN ova LN 24 .
or
7 \\ ®
PN 1N,
o X X 7 &
. YILIFANOD . L1 HILAANOD
1IN NOLLIGTY : LND :
X435 MEIS D\ owssioows | | T L SToas
I10A9 13 TIvevd : Lt S EN
O ’

14

MEMORY

%

96

[«— CONTROLLER

RESERVED
TONE
L

SERIAL-TO.
PARALLEL
CONVERTER

i

614

n LIND

NOILOTTES
wis <

(%01 -*01 ) 021

4441

TONE ALLOCATION (N}
UNIT

N- POINT IFFT
PROCESSING UNIT

PARALLEL-TO
SERIAL CONVERTER

Fig.4

GRADIENT ALGORITHM UNIT
x+cl
TRANSMITTED SIGNAL

821

881"

901

921"

|9

89

HOLVHINTD
TOGNAS
FLVAIaGNYD

98

YILHYIANOD
137IVeYd

01
LEN

STOGNAS
10dNi




9 Big g b4

JP 2007-259445 A 2007.10.4

(239)

pil v
LINN TOMINOO 1IN TONINDD
[ owr
94 v / 94 vl a9
¥Q2, \ / 1o ’ \
o ' o 1 2 . Sd - 2
= £ =
> i S .
TZX& F.me TZX N szm ‘:23 N.ZX
YILYINOD | . LINN : LINN : HILHINOD | - LIND . NOLLYISN/ .
W3S | ONISSIION © | NOILYIOTIY Al P . WIS | | oNISSTo0ud 107id ONY YALYINOD
-0l — 13 : v1Ya -0 - | sd'sa -01 12 NOILYOOTIY L Boigysq
TV UYVINONID - I TTvavd : ¥1va H H38
o v Y 7 ] HYINH0 Fx
hu "Xy % ° Xy D
G bi4
04 / .m.\u_ BT
LINA TOHINOD
007
91 bl \ My
8l o
. SV 201 2t N\Q oz / .
> L @ :
My My = vy ™ I LIND Jus " tz%m o \:% :
: . . = NOLLYINDTYD 2= NOLLv3d OMISSTOOH .
HIHINOY | LIND : ; : NOILOF TS Ydvd JANISHND3Y 133 :
T3S ONISSTO0Nd LNn Y3LHIANOI
o : i © | novooTw : ATV ;
. Y : V1Ya : -01- 7RIS N X
7 T N —%
X Xd X
i Oxat B




JP 2007-259445 A 2007.10.4

(240)

10/48

9/48

r=2

1

r=

r=2

r=0

i

[N

LTI R m
AN
i
,,,,,, ﬁx,x#mmm leu
1 A _ x2x1xg%m

2

i

r

1

r=

r=0

(LT

Ik

N

X
PS,

FIG.12

FIG.10

12/48

11/48

vLOl4

44
LIND
NGILO3130
107id
TYNOLLYL0Y
<QUW\H \0|QN.
e iy Iy,
1NN -
4300030 " m :
aNY il N
~STE| 41800 | [NOYoOTIY | ;| | omissIooud | | SHEINOD I ogy
ndno | VRS e el o | o msEs
ENYEYS |, . (—
O o™ [37] 414 25
, ,
2z e 802 902
8& P
/
HXl F.IXW. N.ng
1INn
4300930
any 10 1D © | y313ANGD
~SToRRT YILIN0O | NOLVOOTIY| : |oniss30owd | 1 | TaTwivd — oav
S IOBNAS | ™ Jvy3s viva : 14 S ol
-01 . . IZEES
“HTIvYd |, : S— 7
9, [ 0; Y
% Xy X1 [(4
202
" It L AN
2z 0k 80z 902



JP 2007-259445 A 2007.10.4

(241)

14/48

13/48

\ 00¢

aav

POz
404

STOGNAS
Andni

91914
INn
NOLLOALAA
107d
TYNOILYLOY
Sgom#
" | o ,
x| X ,
1N
Hagooaa : 1IN LING
any 1NN .
~——{yaawos | |novaor| - | | ingisnray oNSSI00Nd | [YFREANOD
ST08WAS | W3S viva | ISYHd 134 -0L- Vi3S
10dino | ol :
- Ty || e ]|
Oy Ovud Ny ecfl‘
1 i
* < 3 )
e w2 282 80z 90z
o
1IN TOHLNCD
9 #t
vas
d o e 2
l_ | |
by iy e "x
YALAINOD | T | | LN " wodveorw | 1NN | vasaneo
E%w : oz\mm mo\omq VIva v | avanasoray | C | ETIVEYY
b | HYINNI0 : H 3SVHd Dol -TvEs
_4 b ». :
u X4 Xd X
Oy uXm QX d QX

16/48

15/48

0.0287%

520 21

0.029

0.028 -

0.027

0.026 |
0.025}
0.024
0.023 -

&3

@

0.022

0.021

2 23 24

15 16 17 18 19

14

Eb/No dB

EbiNo (dB)

Fig.19

24

W2 2223

18
Eb/No dB

7718 1

16

15

0.029
0.028

0.027

0.026
0.025

43

0.024

@

0.023 +

0.022 v

0.021 +

0.02
14

Fig.18



17/48

—

0 o
T gk
IRFY
g A=z
g °3 ®
B &
{T o] L;T d
y I@ D
= el
. B L
CES
o
&
5 s
> el e s aaaa =
Y &
=
o =
%% <L g
2s8% &
] =
© 3
S sy
o~
SEBS T xg
N o
Pl
232
838 o
%]
59
81 \ =Y
g
19/48
FOR PHASE
VECTORS TRY ALL DATA ROTATIONS
[ ] CDA B
i SELEGT THE BEST
P, ROTATION OF DATA FOR THE
SIM SELEGTED PHASE VECTOR
SRECL ROTATION,
P PHASE | p ROTATION,
2 VECTOR st ROTATION, |
FOR ORIGINAL ROTATION,
DATA .
ARRANGEMENT \ :
ROTATION,,
P, ——
Fig.22(A)
SLM
SELECT THE BEST
oA PHASE VECTOR P,
BASED ON THE BEST PAPR
SELECT BEST P,
THEBEST | ROTATION o
ROTATION Rens ?
BASED ON THE {——t o olrPy
ORIGINAL Py
PHASE FOR
SUB CARRIERS
P

I

TRANSMIT
BASED ON

Py WITH

BEST
ROTATION

TRANSMIT

BASED ON

Py WITH
BEST

| ROTATION

Fig.22(B)

(242)

18/48
TRY ALL DATA
FOR PHASE ROTATIONS
VECTORS ROTATION, ——
o - ROTATION, ™1
oo —
ROTATION,—{  PICK THE BEST THE AEIiDEST
——=  COMBINATION
i 7 ROTATION, BASEDONTHE | TRANSMIT
ROTATION,—— REsBUELST;NT
PAPR
ROTATION, ——]
P, —+ ROTATION, ™|
ROTATION,—|
Fig.21(A)
TRY ALL THE
PHASE
ROTATE VECTORS
THE DATA P, —
ROTATION, i "
b COMBINE
v T BASED ON
P, ——-+|  PICK THE BEST THL;%ST
p. ——|  COMBINATION
ROTATIONz‘—éz 2 BASED ONTHE | TRANSMIT
P BEST R
) v RESULTANT
: PAPR
: P‘ —
ROTAT!ON,,——-< & !
P, ‘
Fig.21(B)
20/48
300
310
DATA [T SLM-CDA .
INSERTION 312 OFDM RECEIVER 316
Pibhdeihiihu )
SLM-CDA SLM CIRCULAR
TRARSHITTER RECEIING ] ALOCATON ==
PILOT unIT UNIT
INSERTION
]
PLOT | R
DETECTION —22
UNIT
)]
SLM o} 314
CONTROL CHANNEL
Fig.23
300 320
' SLM-CDA
37\2 oFpMRecEVER  S1B
DATA CIRGULAR
INSERTION|  SLMCDA SLM DATA DATA
INSERTION! “orom RECEIVING ALLOBATION
TRANSMITTER UNIT i
P T
' |
l ’
! [LRCDA
i SLM D
CONTROL CHANNEL

Fig.24

JP 2007-259445 A 2007.10.4



JP 2007-259445 A 2007.10.4

(243)

TV

21/48

=2 =
%/ W
=z 8
&~+g 5 |8 T
e (& -
&
53 | ¢
o ¥ [ &
Z£XG
BOR o
s3¢ y i ®
e Q =0 2 ;
S A = - = L P=)
23k g2 © R
E m s = 3 N b
- (=]
o T o .mq [ = W
g iy @
=z | =
&5
[YTR%}
x - ©
H ©
&
S=E
3 -
S )
3°%
m & 39
Gz bi4
LINA
e zoc_\stwm
gmmm H iy TINNYH
re ] ¥ o o-u] "eee
/_ ‘: u u 03 2
FH=y, &) K
1IND z - o
NOILOFLFA g
1071d
Z,
vaoy P k4 gee :xﬁ
m / - %00 TYNOIS
1NN 9 Gab, 0=t A G3NTORY
Uy ] zoﬁwmﬁ g _:% - _g?ms_ wir <" % | Niogy | GNvE 3SvE
WM v o | 2 Z 28 N ; N
) —~ od 288
~¢&k
e :
= ‘oee
B3t U2
we-| |9"H= o] s e
Z 4 C N » -0

Fig.27

24/48

23/48

LINN NOLLYSINILAO

0¢ b4

Egm
1
141
w ,fs <8M<X
XSd s
: TR
-] B N ‘o5 NOISING
SO . 4 TOGNAS
%s
1401
2 vao, NX
XSd ,a\bﬂ ’ys Y
96 A 1401 =
LN i ' vaoy
28 XS
XSd ‘g
8y
T e H
[ S
+ @ 4”
i
a OO
I ws N
== >
g .2
] [
r 1
r e
4 Jx
S

14

LIND
TOYLNGD

334N0S
viva

1IND aLyAN00 | S9
uX| NoL¥o0TV T vevd
VIv0 0L
S HOLVHINTD
HNIEI Wiy NS
107id

P o o ”

Eb/No dB
Fig.29




JP 2007-259445 A 2007.10.4

(244)

AN R

X HILYIANOD

THTVEYd

A o
1INN
ozh | TOYLNOD
NOILYSWLLHO
E‘Z\QQW\
g g \d
[, ['wmvn
imv 1401
vao
wot “ éoEX h‘L X
=) a5 XS 2] "
il b2y
-]
o~y
. -, : . LIND
ol .= © og 7ey || NOISIAIG
_ _ _ _\_ ﬂ JOFNAS
ZLINN
14a1
N\@w . _éwx L vao [
S N e il [ oyrrs
£ 1NN
19al
T lwwvi o e [T
- s SN Y ey
% ‘o5
9
;,:Ew d b4
>
=
x 3 3
=k | o
OO =E
FAOD ©
X S o 5
-~ <C
-
P WTWT
o 3 ST
= [s4 =y
> 5 555
~N g a
[G)
SWT
Egs
gl &
=

RECEIVED
SIGNAL
v

-0
MLEEN

Fig.31

™

308N0S
viva

44

28/48

27/48

¢ b1

1NN
NO/LD313a

107d 0FF
WNOILY.LOY P
2;5“51 \\
g¢r "
| e
i |
Ay vao oo h< X
LN 1NN
Z LINA
~———1 ININISNOD INIAIZOTY ——
z vao | z TYNDIS
X | " 108MAS X o oo X Sid NI GINFOR
L LN
T vao - émx
vEr
~
& by
£¢bi4
) 1NN gl
NOLLDFLIC
107id
TYNOILYLOY
wi (Qom
8ey "
\ - ey
W LIND A
Ay vao oo Qx
1NN LIND
Z 1IN
~— ONINISIOO ONIAFOTY e ——
X z vas [] Z WNIIS
4 TOHNAS X N}vmv vy X Sid NI
L1IND
! vao [
X s w00y, X
ver

434 1434



JP 2007-259445 A 2007.10.4

(245)

. N
9¢°bi4 S /g S
NOILYINOTYO
Yoi5
(Dom .
< n tms le———X
m
I g & Inowvinomo
L] y LIND Y] e
9+ e pHinooT b sa\
IN3IAYHO E
; z
i UNp fe——x
4 2 InoyInomwo
s;\
‘
¥ Unp e—x
L NOLLYINOTYD
zig »
ois
mm@ 4 6 06 88 28 206 78
[ / / /
— [P wooy X X
ez ]
() el
s — £ ~— 3 LN ANQD
St - 5 2 vao 95
5 2 3 =
X |2 x| g © S
3T 0 3 8
WNDIS GILLINSNVL | @ B S =y I
© 3 2 w 2 4 Ty
3 = = = S
= = 1 5 ] £ . LINN
™~ 5 = © | TOBWAS
1 5 = | NOILLONGZY
] f—— AYId 98
d
1INA
TOMINOD AHOWIN
|- 6
»05 _ T~

32/48

31/48

8¢ bi4
LIND :
WHLIHO9 Y 1IN :
Moo | INFIGYN9 NU | NOLLYINOTYO X
Ne  Moug
w
m
TYNDIS 3
GILLIWSNYL 3 1NN :
wealorn) ] 2 WHLIMO9 Y LND e
2 ez INTIaYEO U | NOIYINO VO X
e
h
26 ‘ois
e
1NN n :
WHLINO9 Y e
] INFIOYHO 17} NOLLYTINOTYO X
— I‘}\I
Al 3
815—T1 w  0s
6 N
. LIND X
1E01H N9 oy inowo
o6
QQQQ .
2 3
o 3 LiNA X
5+ 5%y 9 NOILYINOTYO
LIND 1590y, e .
WHLIMO9 Y < 018
IN3IavH9 B
1 N
0450y, ww 77 1INN X
o 1590 | NOLLYINOTVO
o
015
9ig !
5T LND X
NOLYINDTYD
#15

sxm -



8
=
(=3

TRANSMITTED
SIGNAL
(rx + C) best

192,

ALGORITHM
UNIT
Fig.39

FINAL
GRADIENT

(rx + C) best

LINANOILOF13S

[ s

x1+C,
m2+C,
xN+C,,

INITIAL
GRADIENT
ALGORITHM
unIT
INITIAL
GRADIENT
INITIAL
GRADIENT
ALGORITHM
UNIT

ALGORITHM
UNIT

192,

192,
\
192,

%1
2
x2

510,
510

P

ALCULATION
UNIT
CALCULATION
UNIT

: CALCULATION
UNIT

5|
T N T

35/48

Fig.42

=65d8, 1M SYMBOLS)

M, ITER=30, TARGET:

s

\

{
(¢

CCDF OF PAPR (2048-IFFT, 160A

{ordVd<dd¥dlid

9
PAPRo (dB)

14

13

12

11

10

8

(d)

7

(246)

34/48
532
\ 536
\
T
RECEIVED - S Ronn cnga%AR 5
_SIGNAL_ | gecenivG CATION ———
ALLO
UNIT Ut

|

ROTATIONAL Reoa
PILOT

DETECTION
unIT

\

534

Fig.40

532

A\l 536

FCEIVED . CIRCULAR .
R R X Reos DATA X
oM L RecEWING ALLOCATION
UNIT NIT
RCC A

Fig.41

36/48

START )

OBTAIN ONE OR MORE $1
SETS OF INDICATORS,
EACH SET RELATING TO A

e
=
i

N\

DIFFERENT PROSPECTIVE
OFDM SIGNAL

!

FOR EACH SET, IDENTIFY 82
THOSE INDICATORS WHICH
SATISFY A PRE-DETERMINED
CONDITION

FOR EACH SET, ACCUMULATE
THE IDENTIFIED INDICATORS

ASSESS THE SUITABILITY
OF EACH PROSPECTIVE OFDM
SIGNAL FOR TRANSMISSION
BASED ON THE RESULT OF

THE ACCUMULA TION

TRANSMIT ONF PROSPECTIVE |
S/GNAL BASED ON THE RESULT
OF THE SUITABILITY
ASSESSMENT

END

Fig.43

JP 2007-259445 A 2007.10.4



.

2

602

(247) JP 2007-259445 A 2007.10.4

37/48 38/48

A A A |

622 I I

[ [ ]

TRANSMITTED
QFDM SIGNAL

616
/

Nl LY N

- 610
[
ACCUMULATING
UNIT

ASSESSING
UNIT
TRANSMISSION
UNIT

l

PHASE VECTOR
SELECTION UNIT

AN
614 /1

12

e

44

- 608

ig.

UNIT

(;ENT/FICA TION

INPUT, TRANSMISSION
DATA UNIT

- 606

- 604

SIGNAL(S)

MANSMIWER [

PROSPECTIVE
OFDM

S/
TRANSMITTER
2
g

IGNAL STORAGE UNIT

INDICATOR
OBTAINING
UNIT

40/48

39/48

828
SIGNAL POWER LEVEL OF PROSPECTIVE SIGNAL A

$10 Signal Peak Slightly less PAPR
but significantly more overalf
Accumulated Clipped Power

Stronger signal elements
are subject to clipping

RECEIVE BLOCK
OF DATAC

i

CALCULATE st
C®Pu L2

FOR EACH OF THE

U PHASE VECTORS

i
I
i

! / Clipping Level

Signal Power

l 512
IDENTIFY THE
PHASE VECTOR FOR
WHICH THE OFDM SIGNAL
1S EXPECTED TO HAVE
THE LEASTACP

!

TRANSMIT THE BLOCK OF 513 ' : ;
DATA C ASAN 0 50 100 150 200 250
OFDM SIGNAL USING Samples
THE IDENTIFIED PHASE

VECTOR Fig. 4 7

Fig.46




(248) JP 2007-259445 A 2007.10.4

|

41/48 42/48
SIGNAL POWER LEVEL OF PROSPECTIVE SIGNAL B
Signal Peak
o ? Parameter Value 1
\ Slightly higher PAPR Total number of sub carriers 128, 512 T
69 but significantly less overall
Accumulated Clipped Power Synchronisation Perfect T
74
Weaker and less signal elements Modulation 16 QAM
6 are subject to clipping
Sampling rate 256 and 1024 samples per symbol
&
§ Clipping Leve! 2dB {
S Sub carrier spacin 19.5KHZ j
% N L g A
Clipping Level Channel AWGN
-------------------------------------- --- L SLM Set Size 64,128 ‘
Fig.49
T ; T T
100 150 200 250
Samples
Fig.48
44/48
43/48
&
C b
i —e— Traditional SLM | $
—o— SLMwith AGP Reduction £ M ]
) TS =
:é e R §
2 & - . 5
& 10r S = 3
@ e e =
b
. b
] N
X: ©
—
L
Q
12 13 14 15 16 17 18 19 20 §
Eb/No dB &
Performance comparison for SLM with PAPR and SLM with ACP, &
128 Sub Carriers and SLM set size of 64 .
Fig.50 z
g
X109 h LiNn
1 NOISIAIG-NS
o Tradional SLM l
10.5 —o— SLM with ACP Reduction
10 ]T >
<
9.5 3
@ 1IN ]
w9
& ONINOLLIL ¥Vl I '
8.5 L 80
8
7.5 ¢ -
2 3 g 3
7 @ uy Q@
18 192 2 2 2 2] s@ s
Eb/No dB 23 2
Performance comparison for SLM with PAPR and SLM with ACP, /- g @ 3
512 Sub Carriers and a phase sel size of 128 for SLM N B

Fig.51 3



S14

RECEIVE BLOCK
OF DATA X

[/515

SUB-DIVIDE BLOCK X
INTO M DISJOINT
SUB-BLOCKS Xm,

T<m<M

FOR EACH SUB-BLOCK 516
Xm, OBTAINBYIDFTA
CORRESPONDING PARTIAL
TRANSMIT SEQUENCE x,

!

IDENTIFY VECTOR b, 17

\WHERE bygo={B,by.. By,
EXPECTED TO PRODUCE OFDM
SIGNAL WITH LEAST ACP

I

MULTIPLY PARTIAL TRANSMIT S18
SEQUENCES x, BY FACTORS
6., RESPECTIVELY

:

SUM MULTIPLICATION RESULTS
FOR TRANSMISSION

S19

END

Fig.53

47/48

0

START

SELECT A SUB-SETL 520
OF AVAILABLE N SUB-CARRIERS

FOR TONE RESERVATION

OBTAIN VEGTOR P 521
FOR SUB-SETL
GENERATE PEAK REDUCTION
KERNEL p AS IFFT QUTPUT
OFP

GENERATE SCALED AND
PHASE-SHIFTED VARIATIONS

OFp

STORE IN MEMORY ,,—1824

END

Fig.55

(249)

664

662

650

-
y g g
Q= '

523 298z, |8 &y
LI R g 1) = O Q
= QAQxqd TSR w Qg
@ woe o ] = 3
= SXUTO X5 x = < g e
= =02 WO Xy O o Ui
1% OREd Zzguwy [ @y
Sow R o o
93 [ Exd % <

2 3 g

/ =

7

JP 2007-259445 A 2007.10.4

46/48

ZHOLUIS

ACP
CALCULATION
unIT

6%

-~ 686

54

678 ——
|

ig.

684
682"
670

680
J

L HOLIMS

92

LINN NOISHIANOD S/d

[\
660

658

LINA 1441 INIODN

o

LINN NOILYDOTTY INOL

[;ONTROLLER

]
STOGNAS Viva

STOFNAS
INOL GINY3STY

MEMORY

652
83

=
=~
s ©
§3| |g¥
= =03
I A=}
§E «9VO =
S ZES n
S gL
=9 [ ab
X< g o
wy
B4
s/
3
1 Q
- w -
~
3 23| 2552 | (33| I8
WS x5 lugn.‘x & & &
Q% Jw Sho¥ s w &
25 el fddms E2lg2
S 5 H EXLO g5 o8
£ S| 1°EZ5 FEl |&°
=< 5| 15983 < & 3
= jm L8293 >
2 Sgl 3988 | 38| B
E| |g3=¢® &
w
-
o o o~ -
o a 3 &

525
N

526
|

s27,



	bibliographic-data
	abstract
	claims
	description
	drawings
	foreign-language-body

