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A communication method of a base station transmits a modu-
lation signal based on an OFDM (orthogonal frequency divi-
sion multiplexing) scheme to a plurality of communication
terminals. The method includes using a transmission frame
on which a first subcarrier group and a second subcarrier
group are arranged, the first subcarrier group on which a
signal using a first transmission scheme is arranged, and the
second subcarrier group on which a signal using a second
transmission scheme different from the signal using the first
transmission scheme in transmission quality is arranged. The
method also includes determining, on a per frame basis,
which subcarrier group is allocated to each of the plurality of
communication terminals and how many subcarriers are allo-
cated to said each of the plurality of communication termi-
nals, and forming the transmission frame based on the deter-
mined information. The method further includes transmitting
the modulation signal using the transmission frame.

N DIGITAL SYMBOLS

o o 8 8 e g e a0

» TIME AXIS



Patent Application Publication  Apr. 22,2010 Sheet 1 of 35 US 2010/0098016 A1

» TIME AXIS

FIG.1

N DIGITAL SYMBOLS

3

2
N
‘-r

— \
\. AN

FREQUENCY AXIS
NE



US 2010/0098016 A1

Apr. 22,2010 Sheet 2 of 35

Patent Application Publication

SIXV INIL

.

¢'Ol4

N STOSWAS TV.LIDIA

£ STOBNAS TV.LIDIA
2 S108WAS WLIDIA NN

| STOEWAS WLDIA ]

-

SHIHVO-INS W o

e @ ¢ & & & 3 8 @

NZ L
N\

£ ¢ |

STO8WAS TTV.LIOIO N

Y

SIXV AON3NOIYA



US 2010/0098016 A1

Apr. 22,2010 Sheet 3 of 35

Patent Application Publication

€O

B

b3 & @ 3

SIXY AONINDIYS

91
£¥

g1 -

£

£}

A

b}
.Y

-

]

4
30NLINdAY



US 2010/0098016 A1

Apr. 22,2010 Sheet 4 of 35

Patent Application Publication

SIAE | V¥'Old

: | 7 .
(dIHO 1) TO8WAS WAO-WA40 - & (dIHO LYTO8WAS WAO-NA40 -

(TO8WAS LYT08WAS WAH0 -

(TOGWAS L)T08WAS WAH0 -

FNIL -

Be aee E
o0 e
7
- \ _

-y
-t

FREQUENCY

- FREQUENCY

. 7 7
a4



US 2010/0098016 A1

Patent Application Publication  Apr. 22,2010 Sheet S of 35

g8'0ld

(dIHO 1)TOEGWAS WAD-WA40 7

(TOEWAS L)TOGWAS Wa40 © B

INIL

wmpmmensil

\\ .

-FREQUENCY

Y&'OId

(dIHO [)108WAS WAO-NA40 -

(TOGWAS L)TO8WAS NAH40 * |

SNIL -«

FREQUENCY



US 2010/0098016 A1

Patent Application Publication  Apr. 22,2010 Sheet 6 of 35

g9'0l4 | V9DId

TOBWAS NOILYWHOINI TOHLINOD TOEWAS NOILLYIWHOSNI TOHLINOD *

(TOBIAS 1YTOSWAS WQ40 - (TOBINAS 1YI0SWAS Wa40 © |

L L

Zouizz/\1M e

HNEn Hilp B &&& -
&&@&&&\x\&m on . _
7 m W&w\k &\\\& M\&W\\\W\&
a0

-t
%

FREGUENGY



US 2010/0098016 A1

Apr. 22,2010 Sheet 7 of 35

Patent Application Publication

LDl
| k
1R
< — d/S 7
- | : 5a
m _
s~
| 8 :
| M
| | ;
NOILD3S |, < o le | NO1LO3S
<< \Q\/T ssataym [T A/ 144 ~ m d/S 7| oN1avIuds
- 144 £d : . PV
. L ~ : _ .
) VA
-G !
m :
. . _
m | | _ :
V . m , |
< — d/S [+
HNY . 26" | ! : 1Q
: |
~ | A~
Sttt

SALYYVddY NOILVLS 3Svg SS3T3HIM T 6



US 2010/0098016 A1

Apr. 22,2010 Sheet 8 of 35

Patent Application Publication

0lS

A

NV

Y

NOI1LO3S
$S3ITIUIM

144

S
bl

4

g'DId
NOILO3ZS
» s/d v,ZO_._.«JDOOS_mQ
NOILYWNYHOANI
JOHILNOO
~ Vav4
8l 6l
b . Y
NO1103S NOILDZS
» S/d » av3dd > NOILVT >
~S40 -naon3aag
~ ~ ~
14 9} Ll
Y
NOILO3S
»  g/d » NOILY1 F——>
~-NAON3d
N ~
£l Gl

TYNINE3L NOILVOINNWWNOO OT




US 2010/0098016 A1

Sheet 9 of 35

Apr. 22,2010

Patent Application Publication

lllllllllllllllllll
llllllllll
lllll
llllll
.~

llllllllll

NOILV.LS
asvy

8 TYNINYIL

avi
¥ IVNINGEEL




US 2010/0098016 A1

Patent Application Publication  Apr. 22,2010 Sheet 10 of 35

(dIHO 1)TO8WAS WQO-WA40 -

(TOEWAS [)T08WAS WA40 -

_

_
\\\\\\

-~

ANIL -

(a)

-

FREQUENCY

0L Ol

[~/
(dIHO LYTOGWAS WAD-WA40 -

(TOGNAS [YTOBWAS WA40 - 158

JNIL e

e
&&%&&Q&
\1&§&%®
&&&x&%&
,&@&X&§\
.

@

FREQUENGY =

(V)




US 2010/0098016 A1

Apr. 22,2010 Sheet 11 of 35

Patent Application Publication

y | 7
~ (dIHO L)IOSWAS WAD-WNA4O . )

(JOBWAS LYIOBINAS WAH0 © g

FNIL -

L1OId

(dIHO 1YIOEWAS WAD~WAHO

(TO8WAS 1)TOEWAS WQH0 -

-

.

A

v)

A

el

FREQUENGY



US 2010/0098016 A1

Apr. 22,2010 Sheet 12 of 35

Patent Application Publication

¢1old

8 TVNINE3L

llllllllllllllll
llllllll
lllllll

Q TYNINY3L

-
lllllll

(V)

av

llllll
-—
-—r
.
s

lllllllll
-~
-
S

BASE
STATION

3 4<ZHEmm._.RT

]
7
’

\Q w ,_..

/\./

LV

MV LVoéz_sz




US 2010/0098016 A1

Apr. 22,2010 Sheet 13 of 35

Patent Application Publication

eLDId
£2S'12S
NOILD3S| _
| NOILD3S NOlL \.Nrw\/ : NOILD3S
NOILD3S -03.13Q >
> > NOLL > . . NOILVYVNIWH3I LAJ
SSFT3uIM -03130 | yp5" viva ———»_NOILYYNDIINOD FWVYHS
~ avi ~ 6ZS N
e A 52 97
| |
+—1 d/S ~
, 9ZS
_ |
of
| |
: | MR ER
| NoiLo3s |- tar e «
S$S3ATIHIM ~ A e | d/S , -%m__,moam Y
ot —— £za zza : —~7 — 0¢d
ye L 2
| _
. | i
alhaE oia
V - b : 2
SNLYHYddY NOILYLS ~ hm& o¢ | &
0ZNY L T

3sva $$37134IM 02



US 2010/0098016 A1

Apr. 22,2010 Sheet 14 of 35

Patent Application Publication

71’914

ANIL -

NO1LOdS
NO NOJLVIILSS g OM
ILYWHO4NII SNOILIONOD TO8BWAS VIV( TADINN TOEWAS VY.LVA
LS3IN®D3IY |{ NOILVYDVAONd ]
oidvdy
v N N/ ~ ~
L2S ¥¢S Ay ¢CS A
0¢sS




US 2010/0098016 A1

Apr. 22,2010 Sheet 15 of 35

0PNV

Patent Application Publication

. NOILD3S

\%V Ly

L

SS373dIM

:)\

NOILVOINNWWOO OF

GL'OI4
NOIL1O3S NOILVWILSH
> SNOILIONOD —
g\,\ NOJLVDVdOHdd 01avy ra.
NOILDIS
S/d > NOILYINAOoW3aa B
NOILVWHOAN] TOHLNOD
~ ~
81 6l ! I
NO11D3S NO1LDO3S
S/d » avIdd > NOILVT >
: -$3a -ndaon3ia
VoY ~ ~
¥l 91 Lt ‘
NOILD3S
1440 > S/d > NOILY1 [—
. -Naownia
N Vv
2™ g1 g1
: NO11LD3S )
NOILDO3S (¢ NOILO3S NOLLYWHO4 TYNOIS | NOILVWHO
SSITIUIM| aNvyg3syea J-NLYYaAvND ~ vivdad e
— — 023 NOISSIWSNVYL ora
oy G ad
4%
TYNINY3L 750




91014

US 2010/0098016 A1

(dIHO 1) TO8WAS WAO-WA40 - (dIHO 1) TO8WAS WAD-NG40 -

CTOENAS 1) TOGWAS WA40 (TOGWAS 1) TOEIWAS Wa40

INIL - - | INIL -
¢l L3 013

O3

Apr. 22,2010 Sheet 16 of 35

_—
-l

(an] m as] [aa ea] m
aa] o] o a [an] o
- - -t <€ <t ~C
-~ ~C - -C <t -
<t - - < - ~C
o o a o (e} [}
O O O (- O (&
(an) m ea] (an] o> e8]
aa] o0 oo om a o

i | ool o

<C <C | <C | <€ | << -

< | <€ | < | < | <€ | <

FREQUENGY

(a (V)

Patent Application Publication

FREQUENCY



Patent Application Publication  Apr. 22,2010 Sheet 17 of 35 US 2010/0098016 A1

t12

o
A I
o O
m -
2\/
>
e e T w O
@ m| o o|lojo|* C%
<£<'<'<€<i<£ 1 >
a.mm'mmmm 8w
v<:<‘<"<'<‘<'mgg
o |lo|jm|o|jol o Ea(i)
‘f‘f‘f‘f‘f.‘fTﬁg
m.m.m.m,“‘_m.‘&)u
L | C | << | << | <1 < o O
mlm|m|mio | m . .
<::'-<£<£<c'<£<x:'
miolm|lm|lo;m] o
<E-<€<£<£<£.<Eo
. - =
FREQUENCY ™
.\
A
o~ J
o L
8
- X
OO O
mn - J
EV
~ >
— v O
- — 0
- =
4 >
80)
< LuE'CEJ
= ¢ i
s =2
?oo
w L
o O

110

FREQUENCY ~



US 2010/0098016 A1

Apr. 22,2010 Sheet 18 of 35

Patent Application Publication

(dIHO 1) TO8WAS WAO-NA40

(TOGWAS |) TOEWAS WA4O

FNIL -

810l

(dIHO |) TO8GWAS WAO-WaH0

(TOENAS 1) TOEWAS WA40

JNIL -

0}

0z

aa) jaa] m o (an] [as
ea] [aa] [aa) o o sn)

< | < | ||| <

' < | | | = | <

<@ | =<¢ | ¢ | << | €| <<

olojlolo|lo o
o | | Aco' o|m|m
m|lo|ojmjo|m
o |lo|m|o|m;m|m
<C | <€ | <C | < | < | <C

<C | <C | <€ | <C | <€ | =<C

< | = | <« | < | << | <

FREQUENGY

(V)

-
il

FREQUENCY



Patent Application Publication  Apr. 22,2010 Sheet 19 of 35 US 2010/0098016 A1

.=
g I
o QO
m
s 3
v O
) Cg
STl a e ] O _.j)—
ol mjo|mjo|* S
~—~ 0 . ¢ .V <1 -t -
m | <] <<l <1< < gE
~ ool |mi|oxn >'8
gl Ll < | < =<<]|] w O Y
mmmmmmgg.g
<|<|<|<|<|<| T B &
mmmmmmiloo
L | | €| <L | ] << .
n m|lo|lo|m | o
Ll €| | <L | L) L
m i m|iomio;al|lo ] o
| <L | <] €| | <L Q
e
FREQUENCY = :
' e
.
&)
fom—ry
1L
™
3 &N
3
e}
o
3 3
2 T
S % —
g
= ]
v O
~ =
o >
o wn
m
VS E
< s 3
‘UJU)l
Ezzg
}—-ELL
A O O
0 o e e Sen U0
<€ O <€ O|L Of<L DL O | O

120

FREQUENCY  —




Patent Application Publication  Apr. 22,2010 Sheet 20 of 35 US 2010/0098016 A1

o
3 T
@] O
oM —
s 3
w O
— m
~ =
>  »
N
m m
= £ =
2 £ 3
- [7) ?
A = g
o T
's) QO
(e
b
o
~N
J
i
[
3 T
O O
g =
<= J
) @)
c g
~C T <
O wn
— o
-t =
< w >§_ O
= o Q
- }— = g
A aQ
T 0
< S S
P
<

f10

FREQUENCY <«——



Patent Application Publication  Apr. 22,2010 Sheet 21 of 35 US 2010/0098016 A1

o |||
<l | < | < | <
mlilm;mlo oo | m
| < | €| <] << —
m | mmioo oo | o f\&
I SR RN R S L
< | <€ | | =< | <€ o O
m | o|lm]o|om o -
POl TR R B R =
<C | <€ | << | << | =K >
Ol lm|omo | o (/)8
< | <L | < | << 0=
- >
o Bl Bl Bl B S 2
o | <€ | € | << | <] W o s
mmmmmg 20
e o 2 F > 0
< | < | < || < w
ol |m ;| o) A = 2
ik R I SR R O
< | =€ | =< | =< | << ELL.
o lm| o|m]om o O
< | < | <] < | << "t
o |l |mom | o oo
<Ll | < | <] <
N fand
&
o
N
9
L
7~
. &%
4 I
80
25
>S4
v QO
—
~ =
D
o w
(8]
Ll 2%
= 5L O
= M
: s =
A a o
[T U
o O

FREQUENCY +——



Patent Application Publication  Apr. 22,2010 Sheet 22 of 35 US 2010/0098016 A1

SRR -
[ R
o O
m
s 7
v Q
—_
— -~ =
m >
ul
= = 3
| s (,)CT)
A Eg
' Tl T
o O
o
&
N
N
O
(R
o tm|lml<=< ] <] <
Ooimim|<<| <] < A@
5 I
O lomlm| << << | < 80
g 35
o | m|m )| << | =<C N e)
= 2
p—g
©jmjm) <} <<} << I R
8(/)
<t | <€ | <C
Olomim w 2(23
= » O
m|m|<<]| <] << J
< - s =
<A EE
o
O [m | << 5 o
Olmim|<|<<|< o
Ol lomi{im ] <<} <<

f20

FREQUENCY <+———



Patent Application Publication  Apr. 22,2010 Sheet 23 of 35 US 2010/0098016 A1

(B)

TIME

OFDM-CDM SYMBOL (1 CHIP)

-
-

a3
O
o0
=
>
v
N
.|
O
m
=
=
(73]
=
0
u.
O

A BlA BIA B|A B|A B|A B|AB|A B|AB|AB
A B|A B|A B|A B|A BIAB|A B|A B|AB|AB
A B|ABIA BIAB|AB|A B|A B|AB|AB|AB
A BlA B|AB|ABIAB|AB{AB|AB|AB|AB
ABABABABABABABABABAB

FREQUENCY <-——

FI1G.23

(A)

TIME
OFDM~-CDM SYMBOL (1 CHIP)

B
D
B,
D
Ba
D
OFDM SYMBOL (1 SYMBOL)

[

]

'
-
P

N

Jfaal=llaaYen]lsa]am)
<€ Q< O} O

FREQUENCY =———




US 2010/0098016 A1

Sheet 24 of 35

2010

9

Apr. 22

Patent Application Publication

pe Ol




Patent Application Publication  Apr. 22,2010 Sheet 25 of 35 US 2010/0098016 A1

rb

o)
o
v

ra

- FIG.25



US 2010/0098016 A1

Apr. 22,2010 Sheet 26 of 35

Patent Application Publication

9¢'OI4
T
i M
< ; d/S [ ~
| : 5a
w m -
e :
| 8 .
i |
. _ _
NOILO3S . | NoirLoas [,
1ssgrauim|c A7) 1441 Amm;\w d/S "7l onravinds|®
/ —7 7d : . _ e.\/\
9 | =~
LG | | NolLO3S
| . NOILYInaow| " ~J
: | pavi Ld
V | : zg
. ~ 8
~7 . _ . NOILO3S
INY v d/S J NOILVINGOW|  ~/
2a . — 1a
: 15
~ Bavanl
b b v v b o s s
~

SNLVYVddY NOILYLS 3Sv8 SS3134IM 08



US 2010/0098016 A1

Apr. 22,2010 Sheet 27 of 35

Patent Application Publication

XA}

GNVE2HO!

Y

00¢

-
-
lllll




US 2010/0098016 A1

Apr. 22,2010 Sheet 28 of 35

Patent Application Publication

Y

L0}

NO1LO3S

SSITIHIM

7
801

NOILYOINAWWNOD
aNVE ZHD 0¢ 404

NOILVYOINANWOD
ONVE ZHD | 404

y

8¢ 'DlId
Ny
£0¢S
|Iawl|v
. 002S
. | x31d
NOILYT b— _ 250 o v
=~ NOILYNIWNNZL3A
601 > QOHLINW
NOISSINSNVYL
oll Ind
z0zs'10gs  FH
i 4 R A
. NOI1LD3S | NOI1LO3S L 001S
< $S373481M [¢ NOILVINAOW [
% 4
$01 _ 201
@ow. h 4 Y
) NOILO3sS |, NOILD3S L
< SCERERIL SN NOlLYINnaow[®
— — 00La
01 LOL
gol .

SNLvVYVddY NOILVLS 3Svd mw.wqmm;\f 00T



US 2010/0098016 A1

Apr. 22,2010 Sheet 29 of 35

Patent Application Publication

JNIL
ZHWO0O!
10BNAS 108WAS JOANWAS anNve
TOENAS J0MLINOD TOEGWAS ._mm«,_mm 08 1NOO 0 LNOD NOJLYO
vV1iva / NOIL viva /L : ~INNWWOD
v ~¥WILS3 ~YWILS3 ~VWILS3 AR
A A zZHD 0¢
! " i AON3INDIYA-
I 1
" ! i
I i |
] ! !
“ | " 3NIL -
T TOENAS 108WAS 2HING
T08WAS :
JTOBWAS T0HLNOD 104 INOD TOGWAS T0¥INOD %z«w
VLiVGQ: / NOIL 7 NOIL viva / NOIL NOIL
~VRWILS3 -VWILS3 ~VWILS3 ~INAWWOD
‘ , GERERIL]

AONZNDIHAL



US 2010/0098016 A1

Apr. 22,2010 Sheet 30 of 35

Patent Application Publication

0gOld
Nomj w)mowo
A “NOILO3S NOILDIS |«
. wz%mrh%%_ﬂ < NOIL |e— NOILVH3INID
“ -VINGOW NOILYWHOANI |«
7 ) ey e
4%/ A [AY4
G1e
NOILD3S NOILVWNILS3
SNOILIGNOD —
NOILYDYJOHd 0lavy l0eS
L~ ~ y
y0z i -OL¢ .
p— NOILO3S
NOILO3S
NOILVOINNWNOD N . »  NOILVT |-
Z1D 0 ¥O4 \w/w\mdmi ~-naowaa
. — .
N 90¢ 807
—~J o
202 NOILD3S NOILVNWILSS
: : SNOILIGNOD —
NOILVBVYd0Odd 0OIavy " 008S
~ ~ . :
£0z: 60¢ H
. : . NOILO3S .
NOILD3S » NOILO3S
NOILVOINNWWOD > » NOILVT > I
RIS SS3I3IHIM _naonaa NOILDIT3S
602 L0Z 112
102

TYNIWNY3L NOILYOINNWWNOD 002




US 2010/0098016 A1

Apr. 22,2010 Sheet 31 of 35

Patent Application Publication

1 €Ol
INLL
T0ENAS NOLT O AN TYNDIS NOISSIWSNVYL
T0BWAS Y1¥a | NOILYWYOANI NGB LaNeS TYNINNEL 40
1S3N03Y | \or i vovaond olavy| | NOILVHADIINOO NV

AONZNDIY4



Patent Application Publication  Apr. 22,2010 Sheet 32 of 35 US 2010/0098016 A1

%)
=
*__ >
=
<
o« <
P
Q.
o
% L~ AN
- A
@]
— ~
}_
<
i
7 AN
'UJ F
w
<
m
(7] © w
w pad
L 2w
sl . . N
it L ¢y ™
4 &y :
= = o
y L
h
= <
_8| )

Y

D2
AN
D

2
A
S/P
v
A_.
G
ION
8
N
S/P




US 2010/0098016 A1

Apr. 22,2010 Sheet 33 of 35

Patent Application Publication

01S

Y

A

[43)4

Y

NO1lD3S
SS3T3UIM

el

h 4

Vavd
Ll

£ OI4
NQOJLO3S
s/d s NOILVINnaaowiag
NOILVINYOdNI
~7 TOHLNOD
~
8l 61
A 4
NO1LD3S NO1LO3S
av3ud > S/d > NOILVYT >
-53d -~-NCON3d
a2V N ~/
gl rat LL
A
NOILD3S
> S/d > NOILVY] —>
-naownaga
Vv ~
el Gl

TYNINGZL NOILVOINNWINGD Ol




US 2010/0098016 A1

Apr. 22,2010 Sheet 34 of 35

Patent Application Publication

0CNY

©peold

> d/S ¢

9¢

Gt

NO1103S

3

‘9¢S

[ Y

NOI1LOIS L _
SERERN ~ 130l N.o.\m\ %%umm

£20 -5
' ¢t

d/S [—7—
0¢d

A

< 7 d/S
12Q

IE 0t

NOILDIS NOISSIWSNVYH.L 078

0¢d



US 2010/0098016 A1

Apr. 22,2010 Sheet 35 of 35

Patent Application Publication

A

OYNY

-

'NO1LO3S
SSIT3YIM

pavd
L

Qe'oOId
NOJLOIS NOILVIWILS3E
> SNOILIONOD — >
NOILYDVdOud 0laVvy
§4@
N
1944
NO11D3S
> S/d > NOILVYINQOW3d T
‘ NOILVWHOANI TO0HLNOD
~ ~/
81 61
. Y Y
NOILO3S| | NO1LO3S
»  Qv3Idd > S/d » NOILV >
-s34d -NJdONW3a
Va2V N N/
9t A Ll
Y
NOILD3S
> S/d » NOILY1 —*
-naowiaa
vy Pavi
el Gl

NOILO3S NOILd303d 0%



US 2010/0098016 Al

WIRELESS COMMUNICATIONS APPARATUS
AND WIRELESS COMMUNICATION
METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation application of
pending U.S. patent application Ser. No. 12/175,532, filed
Jul. 18, 2008, which is a continuation application of U.S.
patent application Ser. No. 10/486,916, filed Feb. 23, 2004,
now U.S. Pat. No. 7,420,915, issued Sep. 2, 2008 which is a
U.S. National Stage Application of International Application
No. PCT/JP02/08451, filed Aug. 22, 2002, the disclosures of
which are expressly incorporated by reference herein. The
International Application was not published under PCT
Article 21 (2) in English.

[0002] This application claims priority of Japanese Patent
Application Nos. 2001-257027, filed Aug. 27, 2001 and
2002-231976 filed Aug. 8, 2002, the disclosures of which are
expressly incorporated by reference herein.

FIELD OF THE INVENTION

[0003] The present invention relates to a wireless commu-
nications apparatus and a wireless communications method
applicable to a wireless communications system in which
wireless transmission of information with high rate and high
quality is required.

BACKGROUND ART

[0004] Conventionally, various kinds of methods have been
proposed and realized as a method for achieving high-speed
and high-quality wireless transmission of a large bulk of
information such as image information, etc. For example,
according to a CDMA scheme, transmission data is subjected
to spread processing by using a spreading code corresponding
to each communications terminal for transmission thereof. In
the CDMA scheme, this makes it possible to reduce interfer-
ences between transmission signals on wireless propagation
paths, thereby making it further possible to obtain high-qual-
ity reception signals at receiver sides.

[0005] Recently, an OFDM-CDMA scheme, which is a
combination of an OFDM modulation scheme and a CDMA
scheme, has been drawing attention. The OFDM-CDMA
scheme is broadly categorized into a time domain spreading
scheme and a frequency domain spreading scheme. Herein,
the frequency domain spreading scheme is explained.
[0006] FIG.1isaschematic diagram illustrating the state of
digital symbols before modulation processing; whereas FIG.
2 is a schematic diagram illustrating the layout of respective
chips after modulation processing in the frequency domain
spreading scheme. According to the frequency domain
spreading scheme, each one symbol of N digital symbols
which make up a serial data sequence (FIG. 1) is multiplied by
a spreading code having a spreading factor of M. After
spreading, M chips in parallel are subjected to IFFT process-
ing sequentially on a symbol-by-symbol basis. As its result, N
OFDM symbols for M sub-carriers are generated. That is, in
the frequency domain spreading scheme, chips after spread-
ing are aligned along the direction of the frequency axis (FIG.
2). In other words, the chips after spreading are placed on
different sub-carriers respectively.

[0007] Here, if it is assumed that one digital symbol before
modulation processing occupies a radio resource of a time
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width T and a frequency band width B (FIG. 1), it follows that,
after the modulation processing, one chip occupies a time
width of NxT and a frequency band width of B/N. Therefore,
the area occupied in a time-frequency domain per one digital
symbol becomes MxTxB after the modulation processing,
which is M times of the area occupied by the one digital
symbol before the modulation processing.

[0008] Herein, if it is assumed that the number of digital
symbols N=8, and the spreading factor of M=8, are taken as
an example, the signal pattern of OFDM symbols generated
according to the frequency domain spreading scheme would
be as illustrated in FIG. 3. As shown in this drawing, in the
frequency domain spreading scheme, eight OFDM symbols
are sequentially generated from t0 through t7, each corre-
sponding to its counterpart of eight digital symbols differen-
tiated from each other with different black/white shades and
patterns on a time axis. During such a generating process,
eight chips for each digital symbol are allocated to different
sub-carriers f1~18 respectively.

[0009] By combining the OFDM modulation scheme and
the CDMA modulation scheme as described above, it is pos-
sible to achieve an effective reuse, or to produce an effective
statistical -multiplexing effect. In addition to that, it is pos-
sible to realize a high-speed data transmission which is faster
than under a single-carrier CDMA transmission. It is noted
that, the “reuse” means that an identical frequency is made
usable both in adjacent cells. Also note that, the “statistical
multiplexing effect” means such an efficiency that a greater
number of user signals are accommodated in comparison
with under consecutive transmission, where such accommo-
dation is made possible in conditions where timings at which
auser has some data to transmit and timings at which the user
does not have any data to transmit occur randomly in varying
occurrences from user to user, achieved by the reduction of
energy during time periods in which both communications
parties do not transmit data.

[0010] By the way, recently, there have been demands for
real-time transmission of large-capacity data such as moving
pictures, etc. In order to realize such transmission, it is nec-
essary to transmit data in a very high transmission rate by
using a limited range of frequency bands.

[0011] Though it is true that the OFDM-CDMA scheme
offers a high-quality data transmission with a relatively high
transmission rate, faster communications is demanded as
described above.

DESCRIPTION OF THE INVENTION

[0012] An object of the present invention is to provide a
wireless communications apparatus and a wireless commu-
nications method featuring a great excellence in terms of
high-quality transmission and high-speed transmission.

[0013] This object is achieved by applying an OFDM
modulation, which enables high-speed transmission, to trans-
mission data, while applying an OFDM-spread modulation,
which excels in terms of transmission quality though it is a
little inferior to the OFDM modulation in terms of the high-
speed transmission to some degree, to the transmission data,
and by selectively assigning OFDM signals and OFDM-
spread signals (hereafter, the OFDM-spread signal is referred
to as “OFDM-CDM signal”) which are generated in accor-
dance with these two modulation schemes to a transmission
destination station and by transmitting thereof. Then, at a
communications terminal, it is possible to achieve both high-
speed reception and high-quality reception in a compatible
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manner by adaptively selecting and demodulating either of
these two signals depending on its reception environment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a diagram illustrating the state of digital
symbols before OFDM-CDM processing;

[0015] FIG.2 is a diagram illustrating the layout of respec-
tive chips after modulation processing according to a fre-
quency domain spreading scheme;

[0016] FIG. 3 is a diagram illustrating the signal pattern of
OFDM symbols generated according to a frequency domain
spreading scheme;

[0017] FIG. 4A is a diagram illustrating a configuration
example of a communications frame according to the present
invention;

[0018] FIG. 4B is a diagram illustrating a configuration
example of a communications frame according to the present
invention;

[0019] FIG. 5A is a diagram illustrating a configuration
example of a communications frame according to the present
invention;

[0020] FIG. 5B is a diagram illustrating a configuration
example of a communications frame according to the present
invention;

[0021] FIG. 6A isadiagram illustrating a layout example of
control information symbols carrying frame configuration
information in a communications frame;

[0022] FIG. 6B isadiagram illustrating a layout example of
control information symbols carrying frame configuration
information in a communications frame;

[0023] FIG. 7 is a block diagram illustrating the configura-
tion of a wireless base station apparatus according to Embodi-
ment 1 of the present invention;

[0024] FIG. 8 is a block diagram illustrating the configura-
tion of a communications terminal according to Embodiment
1;

[0025] FIG. 9 is a diagram illustrating the location of a
wireless base station apparatus and the locations of commu-
nication terminals, presented to support descriptions of the
operation according to Embodiment 1;

[0026] FIG. 10 is a diagram illustrating a configuration
example of a communications frame according to Embodi-
ment 2 of the present invention;

[0027] FIG. 11 is a diagram illustrating a configuration
example of a communications frame according to Embodi-
ment 2 of the present invention;

[0028] FIG. 12 is a diagram illustrating, in a separate man-
ner, the location of a wireless base station apparatus and the
locations of communication terminals, presented to support
descriptions of the switching in communications frames
according to Embodiment 2;

[0029] FIG. 13 is a block diagram illustrating the configu-
ration of a wireless base station apparatus according to
Embodiment 2 of the present invention;

[0030] FIG.14isadiagram illustrating the configuration of
a transmission signal from a communications terminal
according to Embodiment 2;

[0031] FIG. 15 is a block diagram illustrating the configu-
ration of a communications terminal according to Embodi-
ment 2;

[0032] FIG. 16 is a diagram illustrating a configuration
example of a communications frame in a case where a time
period for OFDM-CDM signal transmission and a time
period for OFDM signal transmission are fixed;
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[0033] FIG. 17 is a diagram illustrating a configuration
example of a communications frame in a case where a time
period for OFDM-CDM signal transmission and a time
period for OFDM signal transmission are fixed, and where the
OFDM-CDM signal is subjected to multi-code multiplexing;
[0034] FIG. 18 is a diagram illustrating a configuration
example of a communications frame in a case where a time
period for OFDM-CDM signal transmission and a time
period for OFDM signal transmission are variable in accor-
dance with the number of transmission terminals;

[0035] FIG. 19 is a diagram illustrating a configuration
example of a communications frame in a case where a time
period for OFDM-CDM signal transmission and a time
period for OFDM signal transmission are variable in accor-
dance with the number of transmission terminals, and where
the OFDM CDM signal is subjected to multi-code multiplex-
ng;

[0036] FIG. 20 is a diagram illustrating a configuration
example of a communications frame in a case where fre-
quency bands for OFDM-CDM signal transmission and fre-
quency bands for OFDM signal transmission are fixed;
[0037] FIG. 21 is a diagram illustrating a configuration
example of a communications frame in a case where fre-
quency bands for OFDM-CDM signal transmission and fre-
quency bands for OFDM signal transmission are fixed, and
where the OFDM-CDM signal is subjected to multi-code
multiplexing;

[0038] FIG. 22 is a diagram illustrating a configuration
example of a communications frame in a case where fre-
quency bands for OFDM-CDM signal transmission and fre-
quency bands for OFDM signal transmission are variable in
accordance with the number of transmission terminals;
[0039] FIG. 23 is a diagram illustrating a configuration
example of a communications frame in a case where fre-
quency bands for OFDM-CDM signal transmission and fre-
quency bands for OFDM signal transmission are variable in
accordance with the number of transmission terminals, and
where the OFDM CDM signal is subjected to multi-code
multiplexing;

[0040] FIG. 24 is a diagram illustrating a limit for the
communications range of OFDM signals, a limit for the com-
munications range of OFDM-CDM signals, and the location
of'a communications terminal according to Embodiment 4;
[0041] FIG. 25 is a diagram illustrating the signal point
constellation of an OFDM signal, and the signal point con-
stellation of an OFDM-CDM signal according to Embodi-
ment 4;

[0042] FIG. 26 is a block diagram illustrating the configu-
ration of a wireless base station apparatus according to
Embodiment 4;

[0043] FIG. 27 is a diagram illustrating, the relation
between a limit for the communication range of radio wave in
1 GHz band and a limit for the communication range of radio
wave in 30 GHz band;

[0044] FIG. 28 is a block diagram illustrating the configu-
ration of a wireless base station apparatus according to
Embodiment 5;

[0045] FIG. 29 is a diagram illustrating the contents of a
transmission signal from a wireless base station apparatus
according to Embodiment 5;

[0046] FIG. 30 is a block diagram illustrating the configu-
ration of a communications terminal according to Embodi-
ment 5;
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[0047] FIG. 31 is a diagram illustrating the contents of a
transmission signal from a communications terminal accord-
ing to the embodiment;

[0048] FIG. 32 is a block diagram illustrating the configu-
ration of a transmission section of a wireless base station
apparatus according to other embodiment;

[0049] FIG. 33 is a block diagram illustrating the configu-
ration of a reception section of a communications terminal
according to other embodiment;

[0050] FIG. 34 is a block diagram illustrating the configu-
ration of a transmission section of a wireless base station
apparatus according to other embodiment; and

[0051] FIG. 35 is a block diagram illustrating the configu-
ration of a reception section of a communications terminal
according to other embodiment.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0052] Embodiments of the present invention will be
described in detail below with reference to the accompanying
drawings.

Embodiment 1

[0053] In this embodiment, two transmission methods are
proposed. The first method is a method for transmitting
OFDM signals and OFDM-CDM signals with each signal
allotted to each different time under the frame configuration
of transmission signals as illustrated in FIG. 4A and FIG. 4B,
where the OFDM signal and the OFDM-CDM signal are
placed in a mixed manner on an identical frequency band
when viewed on frequency-time axial relationships, and
either one of the signals is aligned along the direction of the
frequency axis at each point in time when viewed on the same
relationships. This makes it possible for a communications
terminal side to selectively receive and demodulate OFDM
signals or OFDM-CDM signals by selectively extracting a
signal at each point in time.

[0054] The second method is a method for transmitting
OFDM signals and OFDM-CDM signals with both types of
the two signals allotted to an identical-time under the frame
configuration of transmission signals as illustrated in FIG. 5A
and FIG. 5B, where the OFDM signal and the OFDM-CDM
signal are placed in a mixed manner on an identical time when
viewed on frequency-time axial relationships, and either one
of'the signals is aligned along the direction of the time axis at
each frequency band when viewed on the same relationships.
This makes it possible for a communications terminal side to
selectively receive and demodulate OFDM signals or OFDM-
CDM signals by selectively extracting a signal at each fre-
quency band.

[0055] Further, as illustrated in FIG. 6, control information
symbols are aligned therein and are sent together with OFDM
signals and OFDM-CDM signals, where such a symbol con-
tains frame configuration information indicating at which
positions the OFDM signals are placed in the transmission
frame and at which positions the OFDM-CDM signals are
placed in the same.

[0056] InFIG. 7, reference numeral 1 denotes the configu-
ration of a wireless base station apparatus according to
Embodiment 1 of the present invention as a whole. Wireless
base station apparatus 1 accepts the input of a transmission
digital signal D1 at serial/parallel converting section (S/P) 2.
Meanwhile, after spreading of a transmission digital signal
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D1 by means of a predefined spreading code at spreading
section 4, wireless base station apparatus 1 accepts the input
of'the spread signal at serial/parallel converting section (S/P)
5. In addition, wireless base station apparatus 1 accepts the
input of a frame configuration signal D5 at serial/parallel
converting section (S/P) 8, where the signal D5 indicates a
frame configuration for a case where OFDM signals and
OFDM-CDM modulation signals are mixed.

[0057] Herein, serial/parallel converting sections (S/P) 2, 5,
and 8 form frame configuration section 9, which functions as
means for frame configuration. That is, frame configuration
section 9 performs serial-to-parallel conversion processing
on transmission data so as to configure a transmission frame
in which OFDM signals and OFDM-CDM signals are mixed
as illustrated in FIG. 4A, FIG. 4B, FIG. 5A, or FIG. 6B.
[0058] For example, as illustrated in FIG. 4A and FIG. 4B,
in a case where a transmission frame is configured in such a
way that OFDM signals and OFDM-CDM signals are placed
in a mixed manner on an identical frequency band and either
one of the signals is aligned along the direction of the fre-
quency axis at each point in time, wireless base station appa-
ratus 1 outputs parallel signal D2, which is obtained by per-
forming serial-to-parallel conversion on transmission digital
signal D1 to split it into the number of sub-carriers, from
serial/parallel converting section (S/P) 2 at some points in
time. Then, at some other points in time, wireless base station
apparatus 1 outputs parallel signal D3, which is obtained by
performing serial-to-parallel conversion on spread transmis-
sion digital signal D1 to split it into the number of sub-
carriers, from serial/parallel converting section (S/P) 5.
[0059] Additionally, for example, as illustrated in FIG. SA
and FIG. 5B, it is possible to configure a transmission frame
in which the OFDM signals and the OFDM-CDM signals are
placed in a mixed manner on an identical time and either one
of'the signals is aligned along the direction of the time axis at
each frequency band, where such a configuration is achieved
by, for example, outputting 2 streams of parallel signal D2 for
2 sub-carriers from serial/parallel converting section (S/P) 2
while outputting 4 streams of parallel signal D3 for 4 sub-
carriers from serial/parallel converting section (S/P) 5.
[0060] By performing inverse discrete Fourier transform
processing on inputted parallel signals D2, D3, and frame
configuration parallel signals, Inverse Discrete Fourier Trans-
form (IDFT) section forms transmission data D4 in which
frame configuration information signals, OFDM signals,
OFDM-CDM modulation signals are mixed.

[0061] Inthis way, serial/parallel converting section (S/P) 2
and Inverse Discrete Fourier Transform (IDFT) 3 combine to
function as OFDM modulation means for forming OFDM
signals by performing orthogonal frequency division multi-
plexing processing on transmission signals. In addition,
spreading section 4, serial/parallel converting section (S/P) 5,
and Inverse Discrete Fourier Transform (IDFT) 3 combine to
function as OFDM-spread modulation means for forming
OFDM-CDM signals by performing spreading processing
and orthogonal frequency division multiplexing processing
on transmission signals.

[0062] Wireless section 6 performs predetermined radio
processing such as digital-to-analog conversion, up-conver-
sion, etc. on transmission signal D4 in which OFDM signals
and OFDM-CDM signals are mixed, and sends out the pro-
cessed signals to transmission power amplifying section 7.
The signal amplified at transmission power amplification sec-
tion 7 is sent out to antenna AN 1. In this way, mixed signals
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containing OFDM signals and OFDM-CDM modulation sig-
nals are transmitted from wireless base station apparatus 1.
[0063] Next, the configuration of a communications termi-
nal which receives mixed signals containing OFDM signals
and OFDM-CDM signals sent from wireless base station
apparatus 1 is illustrated in FIG. 8. Communications terminal
10 accepts the input of reception signal S10 containing the
mixture of OFDM signals and OFDM-CDM signals received
by antenna AN 2 into wireless section 11. After performing
predetermined radio processing such as down-conversion,
analog-to-digital conversion processing, etc. on reception
signal S10, wireless section 11 sends out the processed signal
to Discrete Fourier Transform (DFT) section 12.

[0064] Discrete Fourier Transform section 12 performs dis-
crete Fourier transform processing on reception mixture sig-
nals, and sends reception parallel signals obtained by the DFT
processing to each of parallel/serial (P/S) converting sections
13, 14, and 18. Receiving the reception parallel signal as its
input, parallel/serial converting section 13 converts a signal
which corresponds to an OFDM-modulated signal at the
transmission side into a serial signal, and sends the converted
signal out to the next section, that is, demodulation section 15.
Demodulation section 15 performs demodulation processing
such as QPSK demodulation on inputted signals. This allows
transmission data before being subjected to OFDM modula-
tion to be recovered.

[0065] On an another line, receiving the reception parallel
signal as its input, parallel/serial converting section 14 con-
verts a signal which corresponds to an OFDM-CDM-modu-
lated signal at the transmission side into a serial signal, and
sends the converted signal out to the next section, that is,
despread section 16. Despread section 16 performs despread
processing on inputted serial signals by using the same spread
code as that used at the transmission side, and sends out the
despread signal to demodulation section 17. Demodulation
section 17 performs demodulation processing such as QPSK
demodulation on inputted signals. This allows transmission
data before being subjected to OFDM-CDM modulation to be
recovered.

[0066] In addition, parallel/serial converting section 18
performs parallel-to-serial conversion on a reception parallel
signal to send it out to control information demodulation
section 19. Control information demodulation section 19
demodulates frame configuration information. The frame
configuration information is used as control information for
demodulation section 15, despread section 16, and demodu-
lation section 17. This allows demodulation section 15 to
demodulate OFDM signals only out of mixed signals con-
taining the OFDM signals and OFDM-CDM signals. Like-
wise, this allows despread section 16 and demodulation sec-
tion 17 to demodulate OFDM-CDM signals only out of mixed
signals containing OFDM signals and the OFDM-CDM sig-
nals.

[0067] Next, with reference to FIG. 9, the operation of
Embodiment 1 is explained. Here, it is assumed that commu-
nications terminal A and communications terminal B are
located at positions which are remote from wireless base
station apparatus 1, whereas communications terminal C is
located at a position which is relatively close to wireless base
station apparatus 1. The area inside the circle shown with a
solid ellipse represents an area AR 1 where it is possible to
receive OFDM-CDM signals with a high quality, while the
area inside the circle shown with a dotted ellipse represents an
area AR 2 where it is possible to receive OFDM signals with
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ahigh quality. This difference in coverage areas is attributable
to whether a spectrum spread scheme is used or not.

[0068] As described above, wireless base station apparatus
1 originates mixture signals in which OFDM signals and
OFDM-CDM signals are mixed to each of communications
terminals A-C. Under such conditions, because it is possible
to receive OFDM signals with a good quality at communica-
tions terminal C which is located at a relatively closer position
to wireless base station apparatus 1, it is possible thereat to
use signals originated by employing an OFDM modulation
scheme as recovered data.

[0069] In contrast, because it is not possible to receive
OFDM-modulated signals with a good quality at communi-
cations terminals A and B each of which is located at a
relatively farther position away from wireless base station
apparatus 1, it follows that signals originated by employing
an OFDM-CDM modulation scheme are used thereat as
recovered data.

[0070] By this means, it is possible for communications
terminal C to acquire reception data both with a good recep-
tion quality and with a high transmission rate. On the other
hand, at communications terminals A and B, it is possible to
acquire reception data with a good reception quality although
its transmission rate is a little inferior to that of communica-
tions terminal C.

[0071] Herein, assuming a case where signal transmission
is done by using an OFDM scheme only, although it is pos-
sible for all of communication terminals A-C to receive sig-
nals at a high transmission rate, there is a fear of a substantial
decrease in transmission efficiency due to degradation in
reception quality at communications terminals A and B which
are remote from wireless base station apparatus 1, which
might end up in requiring retransmission of the same data.
Assuming another case where signal transmission is done by
using an OFDM-CDM scheme only, although it is possible
for all of communication terminals A-C to receive signals
with a good reception quality, its transmission rate will be
lower in comparison with a case where an OFDM scheme is
employed.

[0072] Thus, according to the above configuration, it is
possible to realize wireless base station apparatus 1 and a
wireless communications method for achieving both high-
speed and high-quality communications in a compatible man-
ner, which is realized by performing OFDM modulation and
OFDM-CDM modulation on transmission data and by trans-
mitting mixed signals which contain the mixture of two types
of modulation signals formed by the two modulation
schemes, that is, OFDM signals and OFDM-CDM signals.

Embodiment 2

[0073] This embodiment proposes the switching of modu-
lation schemes for signals addressed to each communication
terminal in advance between OFDM signals and OFDM-
CDM signals in accordance with estimated radio propagation
conditions with communication terminals at other ends,
which includes, for example, reception electric field intensity,
Doppler frequency, disturbance wave intensity, multi-path
conditions, delay profile, direction of arrival, polarization
conditions, and so forth.

[0074] In addition, this embodiment further proposes the
switching of modulation schemes for signals addressed to
each communication terminal in advance between OFDM
signals and OFDM-CDM signals in accordance with a



US 2010/0098016 Al

requested transmission rate, requested modulation scheme,
requested transmission quality and so on from the communi-
cations terminal.

[0075] More specifically, as illustrated in FIG. 10 and FIG.
11, the percentage of OFDM signals is reduced when the
number of communication terminals enjoying good radio
propagation conditions is small as illustrated in FIG. 10(A)
and FIG. 11(A). Contrarily, in a case where the number of
communication terminals enjoying good radio propagation
conditions is large, the percentage of OFDM signals is raised
as illustrated in FIG. 10(B) and FIG. 11(B).

[0076] Not limited to the method for selecting whether
OFDM signal transmission is done or OFDM-CDM signal
transmission is done depending on radio propagation condi-
tions such as reception electric field intensity, Doppler fre-
quency, disturbance wave intensity, multi-path conditions,
delay profile, direction of arrival, polarization conditions, and
so forth, it may alternatively be configured in such a way that
selection between OFDM signal transmission and OFDM-
CDM signal transmission is made in accordance with recep-
tion quality.

[0077] Further alternatively, in place of radio propagation
conditions or reception quality, or in addition to these factors,
it may be configured in such a manner that a communication
terminal makes selection as to whether OFDM signal trans-
mission or OFDM-CDM signal transmission is done as illus-
trated in FIG. 10(A), FIG. 10(B), FIG. 11(A), and FIG. 11(B)
in accordance with a request transmission rate, request modu-
lation scheme, request transmission quality which the termi-
nal demands.

[0078] By this means, according to a wireless communica-
tions method of the present embodiment, it is possible to
reduce unnecessary data transmission because only signals
under modulation schemes matching with radio propagation
conditions for each communication terminal or conforming
to a request from each communications terminal are trans-
mitted. Consequently, in addition to the effective utilization
of limited propagation path resources, it becomes possible to
increase the actual data transmission efficiency of a wireless
base station apparatus.

[0079] More specifically, when considering reception qual-
ity, in a case where the number of communication terminals
which are positioned at relatively long distances from wire-
less base station apparatus 20 (communication terminals
A-D) is larger and the number of communication terminals
which are positioned at relatively short distances from wire-
less base station apparatus 20 (communication terminal E) is
smaller as illustrated in FIG. 12(A), the configuration of a
communications frame is made as in FIG. 10(A) or FIG.
11(A). Contrarily, in a case where the number of communi-
cation terminals which are positioned at relatively short dis-
tances from wireless base station apparatus 20 (communica-
tion terminals C-E) is larger and the number of
communication terminals which are positioned at relatively
long distances from wireless base station apparatus 20 (com-
munication terminals A and B) is smaller as illustrated in FIG.
12(B), the configuration of a communications frame is made
as in FIG. 10(B) or FIG. 11(B). However, the above descrip-
tion does not always hold when information requested by
communications terminals is taken into consideration.
[0080] FIG.13 illustrates the configuration of wireless base
station apparatus 20 according to the present embodiment. In
FIG. 13, reference numeral illustrates a wireless base station
apparatus as a whole. Wireless base station apparatus 20
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accepts the input of areception signal received by antenna AN
20 at wireless section 23. After performing predetermined
radio processing such as down-conversion, analog-to-digital
conversion processing, etc. on an inputted signal, wireless
section 23 sends out the processed quadrature base-band sig-
nal to detection section 24.

[0081] Detection section 24 detects the inputted signal to
send out the detected reception signal S20 to data detection
section 25. Herein, reception signal S20 after detection takes
a format as illustrated in FIG. 14. That is, in addition to data
symbols S21 and S23 and unique word S22, radio propaga-
tion conditions estimation information S24 and request infor-
mation S27 is added. This radio propagation conditions esti-
mation information S24 is information on a signal received by
a communications terminal such as its multi-path, electric
field intensity, Doppler frequency, interference power, distur-
bance wave intensity, delay profile, direction of wave arrival,
polarization conditions, and so forth. Request information
S27 is information indicating the request transmission rate,
request modulation scheme, request transmission quality,
which are requested by each communications terminal.

[0082] Data detection section 25 splits reception signals
S20 after detection into data symbols S21 and S23, radio
propagation conditions estimation information S25, and
request information S27, and outputs data symbols S21 and
S23 as reception data, and in addition, sends out radio propa-
gation conditions estimation information S25 and request
information S27 to frame configuration determination sec-
tion 26.

[0083] Based on radio propagation conditions estimation
information S25 and request information S27, frame configu-
ration determination section 26 determines the frame con-
figuration of a transmission signal, and outputs the determi-
nation as frame configuration information S26. More
specifically, frame configuration determination section 26
makes selection as to whether OFDM signals are transmitted
or OFDM-CDM signals are transmitted to each communica-
tions terminal based on radio propagation conditions estima-
tion information S25 and request information S27, and then
determines a transmission frame as illustrated in FIG. 10 and
FIG. 11 in accordance with the selection result. Frame con-
figuration determination section 26 sends out the determined
frame configuration information S26 to each serial/parallel
(S/P) converting section 30, 33, and 36 in frame configuration
section 37.

[0084] Forexample, an OFDM-CDM scheme is selected in
a case where radio propagation conditions estimation infor-
mation S25 indicating the existence of a plurality of delay
waves having high electric field intensity (indicating a large
effect from the delay waves) is received as the result of mea-
suring a delay profile, whereas an OFDM scheme is selected
in a case where radio propagation conditions estimation infor-
mation S25 indicating the non-existence delay waves having
high electric field intensity is received.

[0085] Inaddition, an OFDM-CDM scheme is selected in a
case where radio propagation conditions estimation informa-
tion S25 indicating reception polarization conditions which is
significantly different from transmission polarization is
received as the result of measuring polarization conditions,
whereas an OFDM scheme is selected in a case where radio
propagation conditions estimation information S25 indicat-
ing reception polarization conditions which is approximately
the same as transmission polarization is received.
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[0086] Next, an explanation is given here on the transmis-
sion system of wireless base station apparatus 20. Wireless
base station apparatus 20 accepts the input of a transmission
digital signal D20 at serial/parallel converting section (S/P)
30. In addition, frame configuration information S26 which is
determined by frame configuration determination section 26
is inputted into serial/parallel converting section 30. Based on
frame configuration information S26, serial/parallel convert-
ing section 30 performs serial-to-parallel conversion process-
ing on the inputted transmission digital signal D20, and sends
out the parallel signal D21 to Inverse Discrete Fourier Trans-
form (IDFT) section 31.

[0087] Transmission digital signal D20 is also inputted into
spread section 32. Spread section 32 performs spread pro-
cessing on the transmission digital signal D20 by means of a
predefined spreading code, and sends out the resultant spread
signal to serial/parallel converting section (S/P) 33. In addi-
tion, frame configuration information S26 is inputted into
serial/parallel converting section 33. Based on frame configu-
ration information S26, serial/parallel converting section 33
performs serial-to-parallel conversion processing on the
inputted signal, and sends out resultant parallel signal D22 to
Inverse Discrete Fourier Transform (IDFT) section 31. In
addition, frame configuration information S26 is inputted
into Inverse Discrete Fourier Transform section 31 through
serial/parallel converting section 36.

[0088] Inverse Discrete Fourier Transform section 31 per-
forms inverse discrete Fourier transform processing on the
inputted parallel signal D21, OFDM-CDM parallel signal
D22, and the frame information signal. Through this process-
ing, transmission signal D23 is formed, in which the frame
information signal, OFDM signal, and OFDM-CDM signal
are mixed.

[0089] Wireless section 34 performs predetermined radio
processing such as digital-to-analog conversion, up-conver-
sion, etc. on transmission signal D23, and sends out the pro-
cessed signal to transmission power amplifying section 35.
The signal amplified at transmission power amplification sec-
tion 35 is sent out to antenna AN 20. In this way, a selection
is made between an OFDM signal and an OFDM-CDM sig-
nal at wireless base station apparatus 20 depending on radio
propagation environment for each communications terminal
orinaccordance with the terminal’s request, and transmission
is carried out by arranging OFDM signals and/or OFDM-
CDM signals addressed to a plurality of communications
terminals in a transmission frame.

[0090] Next, the configuration of a communications termi-
nal which receives mixed signals containing OFDM signals
and OFDM-CDM signals sent from wireless base station
apparatus 20 is illustrated in FIG. 15. In FIG. 15, parts/
components/sections corresponding to those in FIG. 8
described above are denoted with the same reference numer-
als as those in the corresponding figure. A redundant expla-
nation is omitted for the parts/components/sections denoted
with the same reference numerals because their functions are
similar to the above corresponding descriptions.

[0091] The reception system of communications terminal
40 is provided with radio propagation conditions estimation
section 43. Based on an output from Discrete Fourier Trans-
form section 12, radio propagation conditions estimation sec-
tion 43 estimates the reception quality of a reception signal as
propagation environment by measuring the multi-path, elec-
tric field intensity, Doppler frequency, interference power,
disturbance wave intensity, delay profile, direction of wave
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arrival, polarization conditions, etc., of the reception signal,
and sends out the estimated radio propagation conditions
estimation information D41 to transmission data formation
section 44.

[0092] Transmission data formation section 44 accepts the
input of transmission data D40, radio propagation conditions
estimation information D41 estimated by radio propagation
conditions estimation section 43, and request information
D42. Transmission data formation section 44 forms transmis-
sion data S20 in the frame configuration illustrated in FIG. 14,
and sends the formed data out to quadrature base-band signal
formation section 45. A transmission quadrature base-band
signal formed by quadrature base-band signal formation sec-
tion 45 is subjected to predetermined radio processing such as
digital-to-analog conversion, up-conversion, etc., at wireless
section 46, and the radio-processed signal is outputted to the
next section, transmission power amplification section 47.
The signal amplified at transmission power amplification sec-
tion 47 is sent out to antenna AN 40.

[0093] Herein, request information D42 may be a request
transmission rate, request modulation scheme, and request
transmission quality, which is demanded by a user of a com-
munications terminal; or alternatively, it may be a required
transmission rate, modulation scheme, and transmission
quality, which is inevitably determined in accordance with
the specific requirements of transmission content such as
images, sounds, etc at the time of transmission content deter-
mination. In this way, communications terminal 40 transmits
information on radio propagation conditions between wire-
less base station apparatus 20 and the terminal itself and
request information to wireless base station apparatus 20.

[0094] Thus, according to the above configuration, it is
possible to reduce unnecessary data transmission in addition
to effects produced in Embodiment 1, which is realized by
performing OFDM modulation and OFDM-CDM modula-
tion on transmission data and by transmitting just only signals
under modulation schemes matching with radio propagation
conditions for each communication terminal or conforming
to a request from each communications terminal. Conse-
quently, in addition to the effective utilization of limited
propagation path resources, it becomes possible to increase
the actual data transmission efficiency of a wireless base
station apparatus.

[0095] Incidentally, assuming that a communications ter-
minal takes an initiative in switching between an OFDM
scheme and an OFDM-CDM scheme, the terminal selects
either the OFDM scheme or the OFDM-CDM scheme based
on estimated radio propagation environment and request
information, and sends request information to a base station.
Based on the request information from the terminal, the frame
configuration determination section of the base station deter-
mines whether to transmit data in an OFDM scheme or in an
OFDM-CDM scheme, and outputs frame configuration sig-
nal S26.

[0096] Contrarily to that, when a base station takes an ini-
tiative for switchover, a communications terminal sends esti-
mated radio propagation conditions information and request
information to the base station. In accordance with the radio
propagation conditions information and the request informa-
tion from the terminal as well as communications traffic,
frame configuration determination section 26 of the base
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station determines whether to transmit data in an OFDM
scheme or in an OFDM-CDM scheme, and outputs frame
configuration signal S26.

Embodiment 3

[0097] In the above-described Embodiment 2, though an
explanation is given on a case where a transmission signal to
each communications terminal is switched between an
OFDM signal and an OFDM-CDM signal in accordance with
the reception quality at a communications terminal or a
request from the communication terminal, this embodiment
proposes some preferred arrangements of OFDM signals and
OFDM-CDM signals mixed in a transmission frame when
switching these two modulation signals over.

[0098] @ First, as illustrated in FIG. 16, a method which
uses fixed time within a frame, that is, a fixed time t10~t11 for
OFDM-CDM signal transmission and a fixed time t11~t12
for OFDM signal transmission is proposed.

[0099] Here, FIG. 16 illustrates the frame configuration of
one burst of signals transmitted by a base station, where
symbols denoted as A, B, C, D, and E represent transmission
symbols addressed to terminal A, terminal B, terminal C,
terminal D, and terminal E respectively. It is assumed that the
layout of OFDM symbols and OFDM-CDM symbols in one
burst is fixed. That is, with respect to time-frequency axes, a
4x6 pattern of OFDM symbols and a 6x6 pattern of OFDM-
CDM symbols are fixedly laid out in one frame.

[0100] Then, as illustrated in FIG. 12(A), in a case where
terminal A, terminal B, terminal C, and terminal D are located
in an OFDM-CDM reception area encircling base station 20
while terminal E only is located in an OFDM reception area
encircling the same, base station 20 transmits each OFDM-
CDM signal addressed to terminal A, terminal B, terminal C,
or terminal D at each time segment by separating OFDM-
CDM signal transmission time t10~t11 into a plurality of time
segments as illustrated in FIG. 16(A). Base station 20 trans-
mits an OFDM signal destined for terminal E during OFDM
signal transmission time t11~t12.

[0101] On the contrary, as illustrated in FIG. 12(B), in a
case where terminal A, terminal B are located in an OFDM-
CDM reception area encircling base station 20 while terminal
C, terminal D, and terminal E are located in an OFDM recep-
tion area encircling the same, base station 20 transmits each
OFDM-CDM signal addressed to terminal A or terminal B at
each time segment by separating OFDM-CDM signal trans-
mission time t10~t11 into a plurality of time segments as
illustrated in FIG. 16(B). Base station further transmits an
OFDM signal destined for terminal C, terminal D, or terminal
E at each time segment by separating OFDM signal transmis-
sion time t11~t12 into a plurality of time segments.

[0102] As described above, it becomes possible for each
reception terminal A~E to demodulate a signal addressed to
the reception terminal station itself easily regardless of
whether the addressed signal is OFDM-CDM processed one
or OFDM processed one, where such easy reception is
achieved by fixedly allocating OFDM-CDM signal transmis-
sion time t10~t11 and OFDM signal transmission time
t11~t12 in one transmission frame so that the reception side is
able to separate demodulation processing time for a received
frame into an OFDM-CDM demodulation processing time
and an OFDM demodulation processing time.

[0103] Incidentally, though FIG. 16 illustrates data sym-
bols only, if a control symbol which indicates at which time
segment a symbol for each terminal is allocated is placed, for
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example, at the starting position of a transmission frame, it
then becomes possible for a reception terminal receiving the
frame to demodulate data destined for the reception station
itself easily by referring to such a control symbol. This holds
also for FIG. 17 FIG. 23 below.

[0104] Here, terminal C is taken as an example. Assuming
that terminal C is configured as illustrated in F1G. 15, terminal
C performs OFDM-CDM demodulation processing during
time t10~t11 in one transmission frame, and performs OFDM
demodulation processing during time t11~t12 in the same.
[0105] Actually, in a case where a signal addressed to ter-
minal C is one which is OFDM-CDM processed as illustrated
in FIG. 16(A), just only the signal addressed to the terminal
station itself is demodulated at and outputted from demodu-
lation section 17 after despread section 16. On the contrary, in
a case where a signal addressed to terminal C is one which is
OFDM processed as illustrated in FIG. 16(B), no signal is
outputted through despread section 16 and demodulation sec-
tion 17, and instead, only the signal addressed to the terminal
station itself is demodulated at and outputted from demodu-
lation section 15 after parallel/serial converting section 13.
Incidentally, it is possible to recognize at which time segment
during OFDM time interval t11~t12 a signal addressed to
terminal E is allocated by referring to control information
(not shown in FIG.) added at the beginning of the frame.
Namely, terminal C is configured in such a manner that con-
trol information demodulation section 19 recognizes the allo-
cation position of an OFDM symbol addressed to the terminal
station itself and that demodulation section 17 selects the
symbol addressed to the terminal station itself to extract the
selected symbol.

[0106] As described above, the first proposed method allo-
cates OFDM-CDM signal transmission time t10~t11 and
OFDM signal transmission time t11~t12 in a fixed manner in
one transmission frame so that, when switching is made
selectively between an OFDM-CDM signal and an OFDM
signal destined for each terminal A~E, each signal is laid out
to allow an OFDM-CDM signal or an OFDM signal
addressed to each terminal fits within each fixed time seg-
ment; this makes processing easier at the time of configuring
a transmission frame, and in addition to that, makes demodu-
lation processing easier at the time of demodulating the
received transmission frame at a transmission destination
station because the transmission destination station is able to
separate demodulation processing time for the received frame
into an OFDM-CDM demodulation processing time and an
OFDM demodulation processing time. Consequently, it is
possible to simplify system design.

[0107] @ FIG. 17 illustrates the second method in which
OFDM signals and OFDM-CDM signals are mixed in one
transmission frame. According to this method, the same
frame configuration is taken as in method @, except that
OFDM-CDM signals are subjected to multi-code multiplex-
ing by using spreading codes varying from one terminal to
another in this method. That is, according to this method,
OFDM-CDM signal transmission time t10~t11 and OFDM
signal transmission time t11~t12 are fixedly allocated, and in
addition, OFDM-CDM signals are subjected to multi-code
multiplexing to spread chips for each terminal along the
directions of the frequency axis and the time axis.

[0108] Incidentally, FIG. 17(A) shows a frame format
when OFDM-CDM signals are transmitted to terminals A~D,
and an OFDM signal is transmitted to terminal E, whereas
FIG. 17(B) shows another frame format when OFDM-CDM
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signals are transmitted to terminals A and B, and OFDM
signals are transmitted to terminals C, D, and E.

[0109] Likewise the case of @, the second proposed
method allocates OFDM-CDM signal transmission time
t10~t11 and OFDM signal transmission time t11~t12 in a
fixed manner in one transmission frame so that, when switch-
ing is made selectively between an OFDM-CDM signal and
an OFDM signal destined for each terminal A~E, each signal
is laid out to allow an OFDM-CDM signal or an OFDM signal
addressed to each terminal fits within each fixed time seg-
ment, which simplifies system design.

[0110] @ FIG. 18 illustrates the third method in which
OFDM signals and OFDM-CDM signals are mixed in one
transmission frame. This method allocates OFDM-CDM sig-
nal transmission time t20~t21, t20~t23 and OFDM signal
transmission time t21~t22, t23~t22 in a variable manner in
one transmission frame in accordance with the number of
terminals to which each modulation signal is transmitted.
[0111] For example, in FIG. 18(A), a shorter time t21~t22
is allocated for OFDM signal transmission in one transmis-
sion frame because there is only one terminal to which an
OFDM signal should be transmitted, that is, terminal E. On
the other hand, according to FIG. 18(B), a longer time
123~t22 in comparison with time t21~t22 is allocated for
OFDM signal transmission in one transmission frame
because there are more terminals to which OFDM signals
should be transmitted, that is, terminals C, D, and E.

[0112] It is noted that, according to this method, because a
certain fixed time is allocated to each of terminals A~E, it
becomes possible to achieve fairness in the volume of trans-
mission data allowed to be received by each terminal.
[0113] For example, compared with a case in FIG. 16
described in @, because the method in FIG. 16 allocates time
for transmission of OFDM-CDM signals and time for trans-
mission of OFDM signals in a fixed manner regardless of the
number of terminals to which OFDM-CDM signals should be
transmitted and the number of terminals to which OFDM
signals should be transmitted, a situation could occur where a
certain terminal(s) is allowed to receive a larger volume of
transmission data while other terminal(s) is allowed to
receive a smaller volume of transmission data accordingly.
[0114] More specifically, in a case where terminal E is only
one to which an OFDM signal should be transmitted as illus-
trated in FIG. 16(A), terminal E is allowed to receive a larger
volume of data because it is possible to allocate the entire time
of't11~t12 to transmission signals destined for terminal E. In
contrast, transmission data per terminal for other terminals
A~D is smaller inevitably because it is necessary to transmit
data for the 4 terminals within time t10~t11 under such allo-
cation.

[0115] Asdescribed above, itis possible to achieve fairness
of data transmission in terms of the volume of transmission
data for each terminal by allocating a fixed time to each
terminal while allocating OFDM-CDM signal transmission
time t20~121, t20~t23 and OFDM signal transmission time
121~t22, t23~t22 in a variable manner in one transmission
frame:

[0116] @ FIG. 19 illustrates the fourth method in which
OFDM signals and OFDM-CDM signals are mixed in one
transmission frame. According to this method, the same
frame configuration is taken as in method @, except that
OFDM-CDM signals are subjected to multi-code multiplex-
ing by using spreading codes varying from one terminal to
another in this method. That is, according to this method, a

Apr. 22,2010

fixed time is allocated to each terminal while OFDM-CDM
signal transmission time t20~t21, t20~t23 and OFDM signal
transmission time t21~122, 123~t22 is allocated in a variable
manner in one transmission frame in accordance with the
number of terminals to which each modulation signal is trans-
mitted, and in addition, OFDM-CDM signals are subjected to
multi-code multiplexing to spread chips for each terminal
along the directions of the frequency axis and the time axis.

[0117] Incidentally, FIG. 19(A) shows a frame format
when OFDM-CDM signals are transmitted to terminals A~D,
and an OFDM signal is transmitted to terminal E, whereas
FIG. 19(B) shows another frame format when OFDM-CDM
signals are transmitted to terminals A and B, and OFDM
signals are transmitted to terminals C, D, and E.

[0118] Likewise the method @, according to this method,
it is possible to achieve fairness of data transmission in terms
of the volume of transmission data for each terminal.

[0119] @ FIG. 20 illustrates the fifth method in which
OFDM signals and OFDM-CDM signals are mixed in one
transmission frame. According to this method, sub-carriers
for transmission of OFDM-CDM signals and sub-carriers for
transmission of OFDM signals are fixedly allocated.

[0120] Specifically, as illustrated in FIG. 12(A), in a case
where terminal A, terminal B, terminal C, and terminal D are
located in an OFDM-CDM reception area encircling base
station 20 while terminal E only is located in an OFDM
reception area encircling the same, base station 20 transmits
OFDM-CDM signals addressed to respective terminals by
separating OFDM-CDM signal transmission frequency band
f10~f11 into a plurality of sub-carriers and by allocating the
divided sub-carriers respectively to terminal A, terminal B,
terminal C, and terminal D as illustrated in FIG. 20(A). Base
station 20 transmits an OFDM signal destined for terminal E
with OFDM signal transmission frequency band f11~f12.

[0121] On the contrary, as illustrated in FIG. 12(B), in a
case where terminal A, terminal B are located in an OFDM-
CDM reception area encircling base station 20 while terminal
C, terminal D, and terminal E are located in an OFDM recep-
tion area encircling the same, base station 20 transmits each
OFDM-CDM signal addressed to terminal A or terminal B
with each sub-carrier by separating OFDM-CDM signal
transmission frequency f10~f11 into a plurality of sub-carri-
ers and by allocating the divided sub-carriers to OFDM-CDM
signals addressed to terminal A, terminal B respectively as
illustrated in FIG. 20(B). Base station 20 further transmits
OFDM signals destined respectively for terminal C, terminal
D, and terminal E with respective divided sub-carriers by
separating OFDM signal transmission frequency band
f11~f12 into a plurality of sub-carriers and by allocating the
divided sub-carriers for OFDM signal transmission to the
respective terminals.

[0122] As described above, it becomes possible for each
reception terminal A~E to demodulate a signal addressed to
the reception terminal station itself easily regardless of
whether the addressed signal is OFDM-CDM processed one
or OFDM processed one, where such easy reception is
achieved by fixedly allocating OFDM-CDM signal transmis-
sion frequency band f10~f11 and OFDM signal transmission
frequency f11~f12 in one transmission frame so that the
reception side is able to separate demodulation processing
frequency band for a received frame into an OFDM-CDM
demodulation processing frequency band and an OFDM
demodulation processing frequency band.
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[0123] That is, on the precondition that OFDM-CDM sig-
nal transmission frequency band f10~f11 and OFDM signal
transmission frequency band f11~f12 are fixedly allocated in
one transmission frame as described above, it is possible to
separate reception signals into OFDM-CDM signals and
OFDM signals by, for example, splitting signals into fre-
quency band f10~f11 and frequency band {11 f12 at wireless
section 11 in FIG. 15. Then, the signals in frequency band
f10~f11 go through DFT 12, P/S 14, despread section 16, and
demodulation section 17, where the signals are subjected to
OFDM-CDM demodulation processing to be outputted as
demodulation signals, and in addition, the signals in fre-
quency band f11~f12 go through DFT 12, P/S 13, and
demodulation section 15, where the signals are subjected to
OFDM demodulation processing to be outputted as demodu-
lation signals.

[0124] @ FIG. 21 illustrates the sixth method in which
OFDM signals and OFDM-CDM signals are mixed in one
transmission frame. According to this method, the same
frame configuration is taken as in method @, except that
OFDM-CDM signals are subjected to multi-code multiplex-
ing by using spreading codes varying from one terminal to
another in this method. That is, according to this method,
OFDM-CDM signal transmission frequency band f10~f11
and OFDM signal transmission frequency band f11~f12 are
fixedly allocated, and in addition, OFDM-CDM signals are
subjected to multi-code multiplexing to spread chips for each
terminal along the directions of the frequency axis and the
time axis.

[0125] Incidentally, FIG. 21(A) shows a frame format
when OFDM-CDM signals are transmitted to terminals A~D,
and an OFDM signal is transmitted to terminal E, whereas
FIG. 21(B) shows another frame format when OFDM-CDM
signals are transmitted to terminals A and B, and OFDM
signals are transmitted to terminals C, D, and E.

[0126] Likewise the case of @, the sixth proposed method
allocates OFDM-CDM signal transmission frequency band
f10~f11 and OFDM signal transmission frequency band
f11~f12 in a fixed manner in one transmission frame so that,
when switching is made selectively between an OFDM-CDM
signal and an OFDM signal destined for each terminal A~E,
each signal is laid out to allow an OFDM-CDM signal or an
OFDM signal addressed to each terminal fits within each
fixed frequency band, which simplifies system design.
[0127] @ FIG. 22 illustrates the seventh method in which
OFDM signals and OFDM-CDM signals are mixed in one
transmission frame. This method allocates OFDM-CDM sig-
nal transmission frequency band f20~f21, £20~f23 and
OFDM signal transmission frequency band £21~£22, £23~{22
in a variable manner in one transmission frame in accordance
with the number of terminals to which each modulation signal
is transmitted.

[0128] For example, in FIG. 22(A), a narrower frequency
band 21~122 is allocated for OFDM signal transmission in
one transmission frame because there is only one terminal to
which an OFDM signal should be transmitted, that is, termi-
nal E. On the other hand, according to FIG. 22(B), a wider
frequency band £23~f22 in comparison with frequency band
f21~122 is allocated for OFDM signal transmission in one
transmission frame because there are more terminals to which
OFDM signals should be transmitted, that is, terminals C, D,
and E.

[0129] It is noted that, according to this method, because a
certain fixed frequency band (sub-carrier) is allocated to each
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of terminals A~E, it becomes possible to achieve fairness in
the volume of transmission data allowed to be received by
each terminal.

[0130] For example, compared with a case in FIG. 20
described in @, because the method in FIG. 20 allocates
frequency band for transmission of OFDM-CDM signals and
frequency band for transmission of OFDM signals in a fixed
manner regardless of the number of terminals to which
OFDM-CDM signals should be transmitted and the number
of'terminals to which OFDM signals should be transmitted, a
situation could occur where a certain terminal(s) is allowed to
receive a larger volume of transmission data while other
terminal(s) is allowed to receive a smaller volume of trans-
mission data accordingly.

[0131] Asdescribed above, itis possible to achieve fairness
of data transmission in terms of the volume of transmission
data for each terminal by allocating a fixed frequency band
(sub-carrier) to each terminal while allocating OFDM-CDM
signal transmission frequency band f20~f21, f20~f23 and
OFDM signal transmission frequency band £21~122, £23~{22
in a variable manner in one transmission frame.

[0132] FIG. 23 illustrates the eighth method in which
OFDM signals and OFDM-CDM signals are mixed in one
transmission frame. According to this method, the same
frame configuration is taken as in method @, except that
OFDM-CDM signals are subjected to multi-code multiplex-
ing by using spreading codes varying from one terminal to
another in this method. That is, according to this method, a
fixed frequency band is allocated to each terminal while
OFDM-CDM signal transmission frequency band f20~121,
f20~f23 and OFDM signal transmission frequency band
21~£22, £23~£22 is allocated in a variable manner in one
transmission frame in accordance with the number of termi-
nals to which each modulation signal is transmitted, and in
addition, OFDM-CDM signals are subjected to multi-code
multiplexing to spread chips for each terminal along the
directions of the frequency axis and the time axis.

[0133] Incidentally, FIG. 23(A) shows a frame format
when OFDM-CDM signals are transmitted to terminals A~D,
and an OFDM signal is transmitted to terminal E, whereas
FIG. 23(B) shows another frame format when OFDM-CDM
signals are transmitted to terminals A and B, and OFDM
signals are transmitted to terminals C, D, and E.

[0134] Likewise the method @, according to this method,
it is possible to achieve fairness of data transmission in terms
of the volume of transmission data for each terminal.

Embodiment 4

[0135] This embodiment proposes a method for mitigating
adverse effects on a reception terminal in a situation where
base stations adjacent to each other transmit mixed signals of
OFDM-CDM signals and OFDM signals.

[0136] A system configuration as shown in FIG. 24 is
assumed here. In FIG. 24, a limit for the communications
range of OFDM-CDM signals sent from base station A is
shown as AR 11, while a limit for the communications range
of OFDM signals sent from the same is shown as AR 10. In
addition, a limit for the communications range of OFDM-
CDM signals from base station B is shown as AR 21, while a
limit for the communications range of OFDM signals from
the same is shown as AR 20.

[0137] Here, in comparison with OFDM signals, OFDM-
CDM signals are addressed to terminals located at relatively
greater distances away from the base station; therefore, it is
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possible to conceive that the transmission signal level of
OFDM-CDM signals might better be set larger than that of
OFDM signals in order to enhance their reception quality at
OFDM-CDM reception terminals. However, if the transmis-
sion level of OFDM-CDM signals are made greater, there is
an adverse possibility that the greater level will interfere with
OFDM signals in other adjacent cells to cause degradation in
their reception quality in the OFDM communications area.

[0138] Therefore, in this embodiment, as illustrated in FIG.
25, the signal point layout is devised in such a configuration
that the distance ra which is from an OFDM-CDM processing
signal point denoted as a filled circle @ to the origin point on
the 1-Q plane is set longer than the distance rb which is from
an OFDM processing signal point denoted as an open circle o
to the origin point on the I-Q plane, and in addition, the phase
of'the OFDM-CDM processing signal point @ and the phase
of'the OFDM processing signal point o are shifted from each
other. Itis noted that, though FIG. 25 illustrates a signal point
layout for QPSK modulation, the present invention is not
limited to QPSK modulation but also applicable to other
modulation schemes similarly.

[0139] By this means, the greater signal level of OFDM-
CDM signals makes it possible to reduce degradation in the
reception quality of OFDM signals in other adjacent cell due
to interference from the OFDM-CDM signals, in addition to
enhancing the reception quality of the OFDM-CDM signals.

[0140] The configuration of a base station which forms
transmission signals as described above is illustrated in FIG.
26. In FIG. 26 where the same reference numerals as in FIG.
7 are used for parts/sections/components corresponding to
those shown in said corresponding figure, wireless base sta-
tion apparatus 50 is configured to perform separate modula-
tion processing at modulation section 51 where modulation
signals for OFDM processing are formed and at modulation
section 52 where modulation signals for OFDM-CDM pro-
cessing are formed. That is, modulation section 52 performs
modulation processing in such a way that the signal level of
symbols after modulation thereat becomes larger than the
level at modulation section 51, and in addition, the phase of
symbols after modulation thereat becomes shifted from the
phase at modulation section 51. Specifically, it is possible to
implement such modulation processing easily by staggering
mapping positions of signal points.

[0141] Under a configuration as described above, as shown
in FIG. 24, it is assumed here that a terminal is located at a
place outside the area limit for OFDM communications from
base station A, AR 10, but inside the area limit for OFDM-
CDM communications from base station A, AR 11, and thus
receives OFDM-CDM signals from base station A. Under
such a situation, the terminal hardly suffers from interference
caused by other OFDM-CDM signals transmitted from base
station B to other terminal station thanks to the mismatch in
spreading codes, nor is the terminal affected so severely by
interference from OFDM signals addressed to other terminal
station thanks to the mismatch in signal point positions. Con-
sequently, it is possible to gain OFDM-CDM demodulation
signals with a good quality.

[0142] Assuming another case where a terminal is located
at a place inside the area limit for OFDM communications
from base station A, AR 10, thus receiving OFDM signals
from base station A, then, the terminal hardly suffers from
interference from OFDM-CDM signals transmitted from
base station B to other terminal station thanks to the mismatch
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in signal point positions. Consequently, it is possible to gain
OFDM demodulation signals with a good quality.

[0143] It is noted that, though the above description
assumes that the signal level of OFDM-CDM signals is set
greater than the signal level of OFDM signals, it is possible to
achieve the same effect as that even when the signal level of
OFDM signals is set greater than the signal level of OFDM-
CDM signals, contrarily to the above description.

[0144] Alternatively, it is also effective to adopt a configu-
ration in which a selection is made as to which signal level
should be made greater depending on whether a terminal in
question is located at a place inside the area limit for OFDM
signal communications AR 10 or at the area for OFDM-CDM
signal communications AR 11. For example, in a situation
where the terminal is located inside OFDM communications
area limit AR 10, it is possible to receive OFDM signals
addressed to the terminal station itself with a sufficient recep-
tion level and also to make the reception less susceptible to
adverse effects from OFDM-CDM signals sent from base
station B by making the transmission level of the OFDM
signals larger than the transmission level of OFDM-CDM
signals.

[0145] On the other hand, when the terminal is located at
OFDM-CDM communications area AR 11, it is possible to
receive OFDM-CDM signals addressed to the terminal sta-
tion itself with a sufficient reception level and also to make the
reception less susceptible to adverse effects from OFDM
signals sent from base station B by making the transmission
level of the OFDM-CDM signals larger than the transmission
level of OFDM signals.

[0146] Asdescribed above, the mismatched layout between
the signal points of OFDM-CDM signals and the signal
points of OFDM signals makes it possible to reduce interfer-
ence caused by different modulation signals from other adja-
cent cell (that is, OFDM-CDM signals from other cell when
signals addressed to the terminal station are OFDM signals,
or OFDM signals from other cell when signals addressed to
the terminal station are OFDM-CDM signals), which makes
it further possible to gain demodulation signals with a good
quality.

[0147] Thus, according to the above configuration, it is
possible to mitigate interference caused by signals transmit-
ted from other station in a situation where OFDM signals and
OFDM-CDMA are transmitted in a mixed manner by placing
the signal point positions of the OFDM signals not matching
with the signal point positions of the OFDM-CDM signals;
accordingly, in addition to effects produced by Embodiment
1 and Embodiment 2, it is possible to further enhance recep-
tion quality.

Embodiment 5

[0148] First, an explanation is given here on the principle of
this embodiment. Though the communications area for a high
frequency radio wave is relatively limited due to its large
attenuation, such a radio wave is suitable for high-speed data
communications thanks to the wide availability of a fre-
quency bandwidth. On the other hand, though a low fre-
quency radio wave is inferior to a high frequency counterpart
in terms of high-speed data communications due to the nar-
row availability of a frequency bandwidth, such a radio wave
offers wider communications area thanks to its small attenu-
ation.

[0149] Focusing on this point, this embodiment proposes
that communications with terminals located in a communi-
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cations area closer to a base station should be conducted by
using a high frequency radio wave and communications with
terminals located in a communications area farther from the
base station should be conducted by using a low frequency
radio wave. This makes it possible to achieve high-speed data
communications with a reliable communications quality at
the communications area closer to the base station, and to
conduct communications with mitigated degradation in qual-
ity at the communications area farther from the base station.
Consequently, it is possible to realize both high-speed com-
munications and high-quality communications in a compat-
ible manner.

[0150] FIG. 27 illustrates one example of the positional
relationships between base station 100 and terminal 200 in
this embodiment, where AR 31 denotes a communications
area limit for a transmission signal sent in 1 GHz frequency
band from base station 100 whereas AR 30 denotes a com-
munications area limit for a transmission signal sent in 30
GHz frequency band from base station 100. In this embodi-
ment, it is assumed that communications is conducted in the
30 GHz frequency band in a case where terminal 200 is
located inside communications area limit AR 30, whereas it is
assumed that communications is conducted in the 1 GHz
frequency band in a case where terminal 200 is located out-
side communications area limit AR 30 but inside communi-
cations area limit AR 31.

[0151] Itis further assumed in this embodiment that termi-
nal 200 estimates radio propagation conditions based on a
signal received from base station 100, and base station 100
determines in which frequency band base station 100 should
send a transmission signal to terminal 200 based on radio
propagation conditions information which base station 100
receives from terminal 200. It is noted that the above deter-
mination on which frequency band should be used for signal
transmission does not necessarily have to be made based on
radio propagation conditions estimated by terminal 200; for
example, alternatively, it may be determined based on radio
propagation conditions estimated by base station 100, or it
may be determined based on other request from terminal 200
(e.g. requested transmission rate, requested modulation
scheme, requested transmission quality, etc.), or further alter-
natively, it may be determined simply based on information
on distance from base station 100.

[0152] FIG. 28 illustrates the configuration of wireless base
station apparatus 100 according to the present embodiment.
First, an explanation is given on transmission system. Wire-
less base station apparatus 100 accepts the input of a trans-
mission digital signal D100 at modulation section 101 and at
modulation section 102. In addition, control information
S100 which is determined by transmission method determi-
nation section 111 is inputted into modulation section 101
and modulation section 102. When the control signal S100
indicates 1 GHz communications, modulation section 101
modulates the transmission digital signal to output a trans-
mission quadrature base-band signal for 1 GHz communica-
tions. When the control signal S100 indicates 30 GHz com-
munications, modulation section 102 modulates the
transmission digital signal to output a transmission quadra-
ture base-band signal for 30 GHz communications.

[0153] Thetransmission quadrature base-band signals for 1
GHz communications and for 30 GHz communications are
inputted into wireless sections 103 and 104 respectively, and
in addition, the control signal S100 is also inputted therein.
When the control signal S100 indicates 1 GHz band commu-
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nications, wireless section 103 up-converts the transmission
quadrature base-band signal for 1 GHz communications into
a signal in 1 GHz band radio frequency. When the control
signal S'100 indicates 30 GHz band communications, wire-
less section 104 up-converts the transmission-quadrature
base-band signal for 30 GHz communications into a signal in
30 GHz band radio frequency.

[0154] By this means, transmission digital signal D100 is
outputted from antenna 105 as a transmission signal in 1 GHz
band in a case where the control signal S100 indicates 1 GHz
band communications, whereas transmission digital signal
D100 is outputted from antenna 106 as a transmission signal
in 30 GHz band in a case where the control signal S100
indicates 30 GHz band communications. Incidentally, in this
embodiment, it is assumed that a transmission signal in 5
MHz bandwidth with a center frequency of 1 GHz is output-
ted from antenna 105, while a transmission signal in 100 MHz
bandwidth with a center frequency of 30 GHz is outputted
from antenna 106.

[0155] FIG. 29 illustrates the format of transmission sig-
nals outputted from antennae 105 and 106. Added to data
symbols, estimation symbols which are used for estimating
radio propagation conditions at the side of terminal 200, and
control symbols which notify terminal 200 as to which fre-
quency band of signal is transmitted in order to control the
reception demodulation operation of terminal 200, are trans-
mitted. This estimation symbol and control symbol may alter-
natively be prefixed or suffixed to a data symbol, or they may
be transmitted in every set interval.

[0156] With reference now back to FIG. 28, the configura-
tion of reception system of wireless base station apparatus
100 is explained here. When wireless base station apparatus
100 receives a signal from terminal 200 at antenna 107, the
received signal is sent out to demodulation section 109 via
wireless section 108. The signal demodulated at demodula-
tion section 109 is sent out to signal de-multiplex section 110.
Signal de-multiplex section 110 de-multiplexes the demodu-
lated reception signal into data signal S200, radio propagation
conditions estimation information S201, and request infor-
mation S202, and the section 110 sends out the radio propa-
gation conditions estimation information S201 and the
request information S202 to transmission method determina-
tion section 111. Here, the radio propagation conditions esti-
mation information S201 is information which indicates
reception quality when terminal 200 receives a signal from
wireless base station apparatus 100. Request information
S202 is information indicating the request transmission rate,
request modulation scheme, request transmission quality,
which are requested by terminal 200.

[0157] Inaddition to the radio propagation conditions esti-
mation information S201 and the request information S202,
communications traffic information S203 from RNC (Radio
Network Controller) is inputted into transmission method
determination section 111, and based on these information,
transmission method determination section 111 determines
which signal, either 1 GHz band signal or 30 GHz band
signal, should be transmitted to each terminal 200, and out-
puts the result of the determination as control signal S100 for
controlling modulation sections 101 and 102 and wireless
sections 103 and 104. Specifically, as long as communica-
tions traffic allows, a 1 GHz signal is transmitted when radio
propagation conditions is poor while a 30 GHz signal is
transmitted when radio propagation conditions is good.
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[0158] As described above, wireless base station apparatus
100 according to the present embodiment is configured to
perform transmission by making selection as to whether
transmission is made to its target terminal with a transmission
digital signal in 1 GHz band or in 30 GHz band in accordance
with radio propagation conditions information or request
information sent from the terminal at the other end of com-
munications.

[0159] Next, with reference to FIG. 30, the configuration of
communication terminal 100 which conducts communica-
tion with wireless base station apparatus 100 is explained.
Communication terminal 200 is devised to receive and
demodulate a 1 GHz band signal or a 30 GHz band signal
transmitted from wireless base station apparatus 100 in a
selective manner.

[0160] First, an explanation is given on reception system.
Communication terminal 200 accepts the input of a signal
received by antenna 201 at 1 GHz band reception processing
section 203, and terminal 200 also accepts the input of a
signal received by antenna 202 at 30 GHz band reception
processing section 204. Wireless section 205 in 1 GHz band
reception processing section 203 applies a 1 GHz carrier to
the received signal. On the other hand, wireless section 206 in
30 GHz band reception processing section 204 applies a 30
GHz carrier to the received signal. By this means, detection
processing is performed on the 1 GHz band reception signal
and the 30 GHz band reception signal, and the processed
signals are sent out to demodulation section 207 and demodu-
lation section 208, and radio propagation conditions estima-
tion section 209 and radio propagation conditions estimation
section 210 respectively.

[0161] Demodulation processing sections 207 and 208 per-
form demodulation processing respectively on the signals
after the radio processing, and sends out the demodulated
signals to selection section 211. In accordance with control
information contained in the demodulated signals (that is,
information indicating in which band, 1 GHzband or 30 GHz
band, base station 100 transmitted transmission data to the
terminal), the section 211 outputs either one of the output
signal from demodulation section 207 and the output signal
from demodulation section 208 in a selective manner. This
makes it possible for the terminal to receive and demodulate
the transmission data to obtain a reception digital signal
regardless of whether wireless base station apparatus 100
transmitted the transmission data by piggybacking thereof
onto a 1 GHz carrier or onto a 30 GHz carrier.

[0162] Radio propagation conditions estimation sections
209 and 210 estimate communication conditions in 1 GHz
band and communication conditions in 30 GHz band respec-
tively based on known signals provided for estimation of
radio propagation conditions in output signals from wireless
section 205 and wireless section 206. Specifically, these sec-
tions estimate radio propagation conditions with the base
station at the other end in 1 GHz band and GHz band respec-
tively by measuring the reception signals on their multi-path,
electric field intensity, Doppler frequency, interference
power, disturbance wave intensity, delay profile, direction of
wave arrival, polarization conditions, and so forth.

[0163] Herein, because a signal having traveled in 1 GHz
band tends to be degraded in a different degree from a signal
having traveled in 30 GHz band (for example, as described
above, a signal having traveled in 30 GHz band attenuates in
a greater degree over a propagation path), a value estimated at
radio propagation conditions estimation section 209 and a
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value estimated at radio propagation conditions estimation
section 210 differ from each other. Radio propagation condi-
tions estimation information S300 estimated at radio propa-
gation conditions estimation section 209 and radio propaga-
tion conditions estimation information S301 estimated at
radio propagation conditions estimation section 210 are sent
out to information generation section 212 on transmission
system.

[0164] Inaddition to two radio propagation conditions esti-
mation information S300 and S301, transmission data D200
and request information S302 is inputted into information
generation section 212. Information generation section 212
forms a signal having a frame format as illustrated in FIG. 31
out of these data and information. This signal is subjected to
modulation at modulation section 213, and the signal is sent
out from antenna 215 after being up-converted into radio
frequency at wireless section 214.

[0165] As described above, communication terminal 200 is
devised to perform selective demodulation of 1 GHz signals
and 30 GHz signals transmitted from wireless base station
apparatus 100, and also to notify communication conditions
in 1 GHz band and communication conditions in 30 GHz
band to wireless base station 100.

[0166] Thus, according to the above configuration, it is
possible to realize both high-speed communications and
high-quality communications in a compatible manner,
achieved by selecting either one of different frequency bands
in accordance with radio propagation conditions between a
transmission destination station and the transmitting station
itself or in accordance with a request from the transmission
destination station.

Other Embodiments

[0167] Though the above Embodiment 1 describes a case
where a wireless base station apparatus is configured as illus-
trated in FIG. 7, it may be alternatively configured as illus-
trated in FIG. 32. That is, wireless base station apparatus 300
shown in FIG. 32 where identical reference numerals are
assigned for parts corresponding to those in FIG. 7 has a
configuration in which the connected positions of spreading
section 4 and serial/parallel converting section 5 are reversed.
That is, each data after serial-to-parallel conversion is pro-
cessed for spreading at spreading section 4.

[0168] Likewise, though Embodiment 1 describes a case
where a communication terminal is configured as illustrated
in FIG. 8, it may be alternatively configured as illustrated in
FIG. 33. That is, communication terminal 310 shown in FIG.
33 where identical reference numerals are assigned for parts
corresponding to those in FIG. 8 has a configuration in which
the connected positions of despread section 16 and parallel/
serial converting section 14 are reversed. Namely, signals
after despread processing at despread section 16 is processed
for parallel-to-serial conversion.

[0169] Inaddition, transmission section 21 of wireless base
station apparatus 20 according to the above Embodiment 2
may be alternatively configured as illustrated in FIG. 34. That
is, transmission section 320 shown in FIG. 34 where identical
reference numerals are assigned for parts corresponding to
those in FIG. 13 has a configuration in which the connected
positions of spreading section 32 and serial/parallel convert-
ing section 33 are reversed. That is, each data after serial-to-
parallel conversion is processed for spreading at spreading
section 32.
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[0170] In the same manner, reception section 42 of com-
munication terminal 40 according to Embodiment 2 may be
alternatively configured as illustrated in FIG. 35. That is,
reception section 330 shown in FIG. 35 where identical ref-
erence numerals are assigned for parts corresponding to those
in FIG. 15 has a configuration in which the connected posi-
tions of despread section 16 and parallel/serial converting
section 14 are reversed. Namely, signals after despread pro-
cessing at despread section 16 is processed for parallel-to-
serial conversion.

[0171] Furthermore, the above described Embodiments 1
through 3 describe a case where communication terminals 10
and 40 recover original data of OFDM signals by having
mixed signals pass through parallel/serial converting section
13 and demodulation section 15 while the terminals 10 and
recover original data of OFDM-CDM signals by having
mixed signals pass through parallel/serial converting section
14, despread section 16, and demodulation section 17 as a
method for recovering original OFDM signal data and origi-
nal OFDM-CDM signal data out of the mixed signals con-
taining the OFDM signals and the OFDM-CDM signals;
however, the present invention is not limited to such a con-
figuration.

[0172] For example, it may be alternatively configured to
extract OFDM signals out of mixed signals beforehand, and
to recover original data of OFDM signals by having the
extracted signals go through parallel/serial converting section
13 and demodulation section 15. Likewise, it may be alterna-
tively configured to extract OFDM-CDM signals out of
mixed signals beforechand, and to recover original data of
OFDM-CDM signals by having the extracted signals go
through parallel/serial converting section 14, despread sec-
tion 16, and demodulation section 17.

[0173] In addition, in the above-described Embodiment 2,
though an explanation is given on a case where a transmission
signal to each communications terminal is switched between
an OFDM signal and an OFDM-CDM signal in accordance
with the reception conditions of a transmission target com-
munications terminal, the present invention is not limited to
such a case; alternatively, it is possible to produce the same
effects as those in the above Embodiment 2 by adopting a
configuration to transmit OFDM signals to a communications
terminal when the distance to the terminal is shorter than a
predetermined value and to transmit OFDM-CDM signals to
the communications terminal when the distance to the termi-
nal is longer than the predetermined value, determined
depending the distance to the terminal.

[0174] Furthermore, the above Embodiments 1 through are
described with an example where a wireless communication
apparatus according to the present invention is applied to a
wireless base station apparatus, assuming that transmission is
made from a wireless base station apparatus to a communi-
cation terminal; however, the present invention is not limited
to such an example but is also applicable broadly to other
communications between communication terminals conduct-
ing wireless communication between them.

[0175] Moreover, the above embodiments describe a case
where a transmission signal is switched adaptively between
an OFDM signal and an OFDM-CDM signal or between a
high frequency signal and a low frequency signal depending
on radio propagation conditions between the transmitting
station and a target station at the other end of communication,
however, it may be alternatively configured to switch a modu-
lation scheme adaptively depending on any one of delay
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profile information, arrival direction information, and polar-
ization conditions information sent from the station at the
other end of communication.

[0176] For example, QPSK modulation is applied on a
transmission signal in a case where a delay profile measured
at the communication station at the other end indicates the
existence of a plurality of delay waves having high electric
field intensity (indicating a large effect from the delay waves),
while 16 QAM modulation is applied on a transmission signal
in a case where the reception indicates the non-existence of
delay waves having high electric field intensity.

[0177] Inaddition, QPSK modulation is applied on a trans-
mission signal in a case where polarization conditions mea-
sured at the communication station at the other end indicates
that reception polarization conditions is significantly differ-
ent from transmission polarization, whereas 16 QAM modu-
lation is applied in a case where received polarization condi-
tions is approximately the same as transmission polarization.
By doing so, it is possible to conduct both high-speed com-
munication and high-quality communication in a compatible
manner likewise the above embodiments.

[0178] The present invention is not limited to the above-
described embodiments but can be embodied in its variations
and alterations.

[0179] A wireless communication apparatus according to
the present invention adopts a configuration which comprises
an OFDM modulation section that forms OFDM signals by
performing orthogonal frequency division multiplex process-
ing on transmission signals; an OFDM-spread modulation
section that forms OFDM-spread signals by performing
spreading processing and orthogonal frequency division mul-
tiplex processing on transmission signals; a frame configura-
tion section that configures a transmission frame in which the
OFDM signals formed by said OFDM modulation section
and the OFDM-spread signals formed by said OFDM-spread
modulation section are mixed; and a transmission section that
transmits transmission frame signals configured by said
frame configuration section.

[0180] According to this configuration, it is possible to
transmit data in a very high transmission rate under OFDM
modulation, and in addition, it is possible to transmit data in
a higher quality under OFDM-spread modulation than under
OFDM modulation, although it is slightly inferior to OFDM
modulation in terms of high rate transmission. Accordingly, it
is possible to realize a wireless communication apparatus
having a great excellence in terms of high-quality transmis-
sion and high-speed transmission.

[0181] Inawireless communication apparatus according to
the present invention, a frame configuration section config-
ures a transmission frame by placing OFDM signals and
OFDM-spread signals in a mixed manner on an identical
frequency band and by aligning either one of the signals along
the direction of the frequency axis at each point in time when
viewed on frequency-time axial relationship.

[0182] Inawireless communication apparatus according to
the present invention, a frame configuration section config-
ures a transmission frame by placing OFDM signals and
OFDM-spread signals in a mixed manner on an identical time
and by aligning either one of the signals along the direction of
the time axis at each frequency band when viewed on fre-
quency-time axial relationship.
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[0183] According to these configurations, it is possible to
transmit mixed signals formed by using OFDM modulation
and OFDM-spread modulation while using limited frequency
bands in an effective manner.

[0184] Inawireless communication apparatus according to
the present invention, a frame configuration section config-
ures a transmission frame by switching a transmission signal
to each transmission destination station between an OFDM
signal and an OFDM-spread signal in accordance with radio
propagation conditions between the transmitting station and
each transmission destination station.

[0185] According to this configuration, it is possible to
achieve both high-quality data transmission and high-speed
data transmission with a greater compatibility by transmitting
OFDM signals to a transmission destination apparatus when
radio propagation conditions between the transmitting station
and the transmission destination station is good, which means
that signal degradation during its traveling is small, while
transmitting OFDM-spread signals to a transmission destina-
tion apparatus when radio propagation conditions between
the transmitting station and the transmission destination sta-
tion is poor, which means that signal degradation during its
traveling is large.

[0186] Inawireless communication apparatus according to
the present invention, a frame configuration section config-
ures a transmission frame in accordance with the distance to
atransmission destination station by selecting OFDM signals
as signals to be transmitted to the transmission destination
station when the distance to the transmission destination sta-
tion is shorter than a predetermined value while selecting
OFDM-spread signals as signals to be transmitted to the
transmission destination station when the distance to the
transmission destination station is longer than a predeter-
mined value.

[0187] According to this configuration, it is possible to
achieve both high-quality data transmission and high-speed
data transmission in a compatible manner by transmitting
OFDM signals to a transmission destination apparatus when
the distance to the transmission destination station is shorter
than the predetermined value, which means that signal deg-
radation during its traveling is small, while transmitting
OFDM-spread signals to a transmission destination appara-
tus when the distance to the transmission destination station is
longer than the predetermined value, which means that signal
degradation during its traveling is large.

[0188] Inawireless communication apparatus according to
the present invention, radio propagation conditions contain
any one of delay profile, direction of wave arrival, polariza-
tion conditions of reception signals get at a station at the other
end of communication.

[0189] According to this configuration, it is possible to
accurately estimate radio propagation conditions which
might affect the reception quality of the station at the other
end of communication, which makes it further possible to
make unerring switching between OFDM signals and
OFDM-spread signals so as to achieve high-quality transmis-
sion and high-speed transmission in a compatible manner.
[0190] A wireless communication apparatus according to
the present invention selects whether to transmit OFDM sig-
nals or OFDM-spread signals as signals to a transmission
destination station in accordance with request information
from the transmission destination station.

[0191] According to this configuration, it is possible to
switch between OFDM modulation and OFDM-spread
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modulation in accordance with data quality or data transmis-
sion amount requested by a transmission destination appara-
tus, which makes it further possible for the transmission des-
tination apparatus to receive data in desired quality or in
desired transmission amount.

[0192] Inawireless communication apparatus according to
the present invention, a frame configuration section config-
ures a transmission frame in such a configuration that time for
transmission of OFDM-spread signals and time for transmis-
sion of OFDM signals is fixed in one transmission frame.

[0193] According to this configuration, processing at the
time of configuring a transmission frame becomes easier. In
addition, it makes demodulation processing easier at the time
of receiving and demodulating the transmission frame at a
transmission destination station because the transmission
destination station is able to separate time for demodulation
of OFDM-spread signals and time for demodulation of
OFDM signals. Consequently, it is possible to simplify sys-
tem design. Moreover, because the boundary of OFDM-
spread signals and OFDM signals is fixed, it is not necessary
to send frame information indicating such a boundary, which
contributes to the reduction in the amount of transmission
information.

[0194] Inawireless communication apparatus according to
the present invention, a frame configuration section config-
ures a transmission frame in such a configuration that time for
transmission of OFDM-spread signals and time for transmis-
sion of OFDM signals is variable in accordance with the
number of transmission destination stations to which the
OFDM-spread signals are transmitted and the number of
transmission destination stations to which the OFDM signals
are transmitted in one transmission frame.

[0195] According to this configuration, it is possible to
achieve fairness of data transmission in terms of the volume
of transmission data for each transmission destination station
because it is possible to allocate a fixed time to each trans-
mission destination station in one transmission frame.

[0196] Inawireless communication apparatus according to
the present invention, a frame configuration section config-
ures a transmission frame in such a configuration that fre-
quency bands used for OFDM-spread signals and frequency
bands used for OFDM signals are fixed in one transmission
frame.

[0197] According to this configuration, processing at the
time of configuring a transmission frame becomes easier. In
addition, it makes demodulation processing easier at the time
of receiving and demodulating the transmission frame at a
transmission destination station because the transmission
destination station is able to separate frequency bands for
demodulation of OFDM-spread signals and frequency bands
for demodulation of OFDM signals. Consequently, it is pos-
sible to simplify system design. Moreover, because the
boundary of OFDM-spread signals and OFDM signals is
fixed, it is not necessary to send frame information indicating
such a boundary, which contributes to the reduction in the
amount of transmission information.

[0198] Inawireless communication apparatus according to
the present invention, a frame configuration section config-
ures a transmission frame in such a configuration that fre-
quency bands used for OFDM-spread signals and frequency
bands used for OFDM signals are variable in accordance with
the number of transmission destination stations to which, the
OFDM-spread signals are transmitted and the number of
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transmission destination stations to which the OFDM signals
are transmitted in one transmission frame.

[0199] According to this configuration, it is possible to
achieve fairness of data transmission in terms of the volume
of transmission data for each transmission destination station
because it is possible to allocate fixed frequency band to each
transmission destination station in one transmission frame.
[0200] Inawireless communication apparatus according to
the present invention, the signal point positions of signals
processed by OFDM modulation section on I-Q plane mis-
match with the signal point positions of signals processed by
OFDM-spread modulation section on I-Q plane.

[0201] According to this configuration, because it is pos-
sible to reduce interferences between OFDM signals and
OFDM-spread signals, it is further possible to improve the
reception quality of each modulation signal. Especially, it is
possible to reduce degradation in reception quality due to
interferences between OFDM signals and OFDM-CDM sig-
nals in adjacent other cells.

[0202] A wireless communication apparatus according to
the present invention controls each of the transmission level
of OFDM signals and the transmission level of OFDM-spread
signals independently.

[0203] According to this configuration, because it is pos-
sible to control each of the communication area limit of
OFDM signals and the communication area limit of OFDM-
spread signals independently, which offers diversities in cell-
structuring.

[0204] A wireless communication apparatus according to
the present invention adopts a configuration which comprises
the first radio signal formation section that forms the first
radio signal by superposing transmission data addressed to a
transmission destination station onto the first carrier; the sec-
ond radio signal formation section that forms the second radio
signal by superposing transmission data addressed to a trans-
mission destination station onto the second carrier having a
higher frequency than the first carrier; and a selection section
that selects either the first radio signal or the second radio
signal to have the selected signal transmitted from an antenna.
[0205] According to this configuration, it is possible to
carry out data transmission with lesser degradation in quality,
for example, by selecting the first radio signal to stations at the
other end of communications which are located long dis-
tances away to transmit data. On the other hand, it is possible
to perform data transmission at a high rate by selecting the
second radio signal having a higher frequency than the first
radio signal to stations at the other end of communications
which are located short distances away to transmit data. Con-
sequently, it is possible to realize both high-speed communi-
cations and high-quality communications in a compatible
manner.

[0206] Inawireless communication apparatus according to
the present invention, a selection section selects either the first
radio signal or the second radio signal in accordance with
radio propagation conditions in between the transmission
destination station.

[0207] According to this configuration, it is possible to
achieve both high-quality data transmission and high-speed
data transmission with a greater compatibility by transmitting
the second high-frequency radio signals to a transmission
destination apparatus when radio propagation conditions
between the transmitting station and the transmission desti-
nation station is good, which means that signal degradation
during its traveling is small, while transmitting the first low-
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frequency signals to a transmission destination apparatus
when radio propagation conditions between the transmitting
station and the transmission destination station is poor, which
means that signal degradation during its traveling is large.
[0208] Inawireless communication apparatus according to
the present invention, in accordance with the distance to a
transmission destination station, a selection section selects
the second radio signals as signals to be transmitted to the
transmission destination station when the distance to the
transmission destination station is shorter than a predeter-
mined value, while selecting the first radio signals as signals
to be transmitted to the transmission destination station when
the distance to the transmission destination station is longer
than a predetermined value.

[0209] According to this configuration, because signal
attenuation on a propagation path is small even for a high-
frequency radio wave when the distance to the transmission
destination station is shorter than a predetermined value, data
transmission is conducted at a high rate by transmitting the
second radio signal to the transmission destination station.
Contrarily, because signal attenuation on a propagation path
is too large unless a low-frequency radio wave is used when
the distance to the transmission destination station is longer
than a predetermined value, data transmission is conducted at
a rate which achieves lesser degradation by transmitting the
first radio signal to the transmission destination station. Con-
sequently, it is possible to achieve a high-quality data trans-
mission and a high-speed data transmission in a compatible
manner.

[0210] Inawireless communication apparatus according to
the present invention, the radio propagation conditions con-
tain any one of delay profile, direction of wave arrival, polar-
ization conditions of reception signals get at a station at the
other end of communication.

[0211] According to this configuration, it is possible to
accurately estimate radio propagation conditions which
might affect the reception quality of the station at the other
end of communication, which makes it further possible to
make unerring switching between the first radio signals and
the second radio signals so as to achieve high-quality trans-
mission and high-speed transmission in a compatible manner.
[0212] Inawireless communication apparatus according to
the present invention, a selection section selects either the first
radio signal or the second radio signal in accordance with
request information from a transmission destination station.
[0213] According to this configuration, it is possible to
switch between the first radio signal and the second radio
signal in accordance with data quality or data transmission
amount requested by a transmission destination apparatus,
which makes it further possible for the transmission destina-
tion apparatus to receive data in desired quality or in desired
transmission amount.

[0214] Inawireless communication apparatus according to
the present invention, the signal point positions of the first
radio signals on [-Q plane mismatch with the signal point
positions of the second radio signals on I-Q plane.

[0215] According to this configuration, it is possible to
reduce interferences between the first radio signals and the
second radio signals when transmitting the first radio signals
and the second radio signals to a plurality of destination
stations in a selective manner.

[0216] As described above, according to the present inven-
tion, it is possible to realize a wireless communication appa-
ratus and a wireless communication method for achieving
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both high-speed and high-quality communication in a com-
patible manner, which is realized by performing OFDM pro-
cessing and OFDM-CDM processing on transmission data
and by transmitting the two types of modulation signals
formed by the two modulation schemes, that is, OFDM sig-
nals and OFDM-CDM signals.

[0217] In addition, it is possible to realize a wireless com-
munication apparatus and a wireless communication method
for achieving both high-speed and high-quality communica-
tion in a compatible manner, which is realized by selecting
whether to transmit transmission data to a transmission des-
tination apparatus in the first frequency band or in the second
frequency band, which is higher than the first frequency band,
and then by performing transmission therewith.

[0218] Furthermore, it is possible to reduce transmission of
unnecessary data when transmitting two types of signals,
OFDM signals and OFDM-CDM signals (or, the first fre-
quency signal and the second frequency signal), achieved by
switching modulation schemes for signals to be transmitted in
advance between the OFDM signals and the OFDM-CDM
signals (or, the first frequency signal and the second fre-
quency signal). Consequently, in addition to the compatible
achievement of high-speed communication and high-quality
communication, it is possible to utilize limited propagation
path resources effectively, and it is also possible to increase
the actual data transmission efficiency of a wireless commu-
nication apparatus.

[0219] This specification is based on the Japanese Patent
Application No. 2001-257027 filed on Aug. 27,2001, and the
Japanese Patent Application No. 2002-231976 filed on Aug.
8, 2002, entire content of which is expressly incorporated by
reference herein.

INDUSTRIAL APPLICABILITY

[0220] The present invention is suitably applicable to a
wireless communications system in which wireless transmis-
sion of a bulk of information such as image information, etc.,
with high rate and high quality is required.
We claim:
1. A communication method of a base station which trans-
mits a modulation signal based on an OFDM (orthogonal
frequency division multiplexing) scheme to a plurality of
communication terminals, the method comprising:
using a transmission frame on which a first subcarrier
group and a second subcarrier group are arranged, the
first subcarrier group on which a signal using a first
transmission scheme is arranged and the second subcar-
rier group on which a signal using a second transmission
scheme different from the signal using the first transmis-
sion scheme in transmission quality is arranged;

determining on a per frame basis, which subcarrier group is
allocated to each of the plurality of communication ter-
minals and how many subcarriers are allocated to said
each of the plurality of communication terminals and
forming the transmission frame based on the determined
information; and

transmitting the modulation signal using the transmission

frame.

2. A communication method according to claim 1,

wherein receiving of feedback information including radio

propagation condition estimation information from said
each of the plurality of communication terminals is per-

Apr. 22,2010

formed and the determining of how many subcarriers are
allocated to said each of the plurality of communication
terminals is performed on the per frame basis, based on
the feedback information.

3. A communication method according to claim 1,
wherein in the forming of the transmission frame, a control
information symbol is arranged on a fixed subcarrier.

4. A communication method according to claim 1,

wherein in the forming of the transmission frame, a control
information symbol is arranged on a fixed time unit in
advance.

5. A communication method according to claim 3,

wherein the control information symbol includes informa-
tion on a frame configuration for the transmission frame.

6. A communication method according to claim 4,

wherein the control information symbol includes informa-
tion on a frame configuration for the transmission frame.

7. A communication apparatus for a base station which

transmits a modulation signal based on an OFDM (orthogo-
nal frequency division multiplexing) scheme to a plurality of
communication terminals, the apparatus comprising:

a transmission frame forming section that uses a transmis-
sion frame on which a first subcarrier group and a second
subcarrier group are arranged, the first subcarrier group
on which a signal using a first transmission scheme is
arranged and the second subcarrier group on which a
signal using a second transmission scheme different
from the signal using the first transmission scheme in
transmission quality is arranged, that determines on a
per frame basis, which subcarrier group is allocated to
each of the plurality of communication terminals and
how many subcarriers are allocated to said each of the
plurality of communication terminals and that forms the
transmission frame based on the determined informa-
tion; and

a transmitting section that transmits the modulation signal
using the transmission frame.

8. A communication apparatus according to claim 7, fur-

ther comprising:

a receiving section which receives feedback information
including radio propagation condition estimation infor-
mation from said each of the plurality of communication
terminals,

wherein the transmission frame forming section deter-
mines on the per frame basis, how many subcarriers are
allocated to said each of the plurality of communication
terminals based on the feedback information.

9. A communication apparatus according to claim 7,

wherein the transmission frame forming section arranges a
control information symbol on a fixed subcarrier.

10. A communication apparatus according to claim 7,

wherein the transmission frame forming section arranges a
control information symbol on a fixed time unit in
advance.

11. A communication apparatus according to claim 9,

wherein the control information symbol includes informa-
tion on a frame configuration for the transmission frame.

12. A communication apparatus according to claim 10,

wherein the control information symbol includes informa-
tion on a frame configuration for the transmission frame.
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