JP 2012-16005 A 2012.1.19

(19) B EEHEFT (UP) w4 M4 F A BRA (1) S5 R A P 2
13EA2012-16005
(P2012-160054)
(49 £ME  FR2451519H (2012.1.19)
(51) Int.Cl. Fl F—7I2—F (HBEF)
HO4.J 995/00 {2009.01) HO4 1 15/00 5K159
HO4J 11/00  (2006.01) HO4 ) 11/00 z
HO4B 7/ {2006.01) HO4B 7/04
SEWL AWK EREOH 4 OL HESEE (& 76 =)
(2l HEES $EE2011-132211 (P2011-132211) | (71) HEE A 597067574
(22) HEEH SERR23EE6H 14H (2011.6. 14) IWES - IV Yy )= S
@) BEETEES  12/827,591 FS M=% - 4 A= ELA T K
(32) ®scH SERR2256H 308 (2010. 6. 30) TAVAERE, vHFa—Ey V. &
(33) BRETEE  KE (1S VI yY. Fo— kw4 201

(74) (RE A
(74) {LIB A

T4 IREA

201 BROADWAY, CAMBR
IDGE, MASSACHUSETTS
02139, U. S. A,

100110423

#EL &8, EHE

100094695

#ELT #FR FL

100111648

FELT HL IE

BARRIZA

(54) [RAADEFR] WFF v p7—Z0 ) V=27 0w 2 IZBOTREENICEDAZAT fOY p T RLEFT

3TF—ATRAERRLT 2 RE

GHoOooOooooooooo
gooobooboooooooobooooooooooon
gboooobooobooboobooboobooobooo
a
oooobooooooooobooooooooooon
gboooboooboobooboobooboooobooo
gbooooboooboobooboobooobooooboao
ooooboooooooooooooooooooon
gooobobooooooooooooooooooon
gbooobooobooboobooboobooobooo
gbooooobouoboobooboobooboao
goooboooooooooooooooooooon
goooboooboobooboobooboooobooo
gbogoooboobooboobooobooboao
goooboooooooooobooooooooooon
gboooboobooboobooboooboooobooo
gbooooboooboobooboobooobooooboao
gooaon

oooooooo

=
sl
g< =
« o
N’\
= “
S R =
a1
He N A -
P N PSR
=R
28 ||lo |9l
g | ®| &=
N ~;|
N\ gk TR I
# T oo =
— 3
s ATTH
= L
SIS
& tt
& 2
B




Oo0oooooooooooooDoDoDoooogooooao

OOoooooooooooo0DooDooo0oo0ooDoDoooooooao

e e A s e s e ) e e ) e e s e Y

OoooooooooooQgoge
1 [ e e e e e e e e e e O [ e [ s [ Ay

Iy ey A
]

N e Y Y [

oo oo oooooggogBR
oo

m

X(n)=
X(N)=

000000 D0O00(@)I0@)o

Ooooocoo0oooooQgoooao
OO0 oDooo4ogooooogog4goooao
OoooocoooooooQgoooao
OOoDoDooo4gogooooogogdgoooao

O
O
O
O

0000
0oop

O Ooogoo
O 0Ooo0ooo
O Ooogoo
O 0Ooo0ooo
O Ooogooo
O 0Ooo0ooo
O 0Ooogooo
O 0Ooo0ooo
O 0Ooogooo
O 0Ooo0ooo
O 0OooOgooo
O 0Ooo0ooo
O 0Ooooo
Y Y
O 0Ooooo
O O oOgoogo
O 0Ooooo
OO ogogo
O 0Ooo0ooo
OO oOgogo

Oooooooooooogodg

OOooooogod
OoOoo0oood
OOooooogod
OoOoo0ooood
OOooooogod
OoOoo0ooood
OOoo0oooogod
OoOoo0ooood
O Oooo
O 0Oooo
O Oooo
O 0Ooo

O O
O d
O O
O O
0O O
O O
O O
O d
0O O

O
O
O
O
O
O
(]
O
O

Doo0Oooo(@)o
ooooooooao

1 N -1

cxzjn

N o1 kélﬂ (k)

al(D (n

)—m)+ﬁ n

(2)

O O

OO

O

[ |
O O
O O

0O O
OO
0O O

O
O
O

O
O
O

@)Ho ...

oo

O
|

O

JP 2012-16005 A 2012.1.19

O
OJ
O
]
O
[

0 (0 O00)0

1,...,N -1

000000000000 000O000(0)I0E@)O

O
O
O
O
O
O
O
O
O

O(@OoO0)DOoO0n

gogooooaoooan

.oo@H)oooooopobooooooooooboao

.L.oo@ooHh)yooooopooao

10

20

30

40



oo Ooooog

Oooooooooogogoao

OO oooogogood

OO oOooo

oo ooooooQgooo
OO0 Do ooogog4Qgoo®
OO0 o oooogogoog
OO0 ooooogogog
oo o oooogogooQg
OO0 o oooogogog

S
1l

000 (0)O
oooooo
000
ooooo
0,0000
oooooo
000

S R
i L
=
L
e
Ln

>
22

oooono
goooao

goooao
goooao

e
fl

O O
O O
O O
O O
O

Oooooooooo
OO0 o0o4googooooao
Ooooooogdg
OOooooogdg

s e [ |

OO0 0Ooo
ZDDDDD
OJ
O
O
O

(n)

HN,LD

=
I

(0 O O0)O

OOoooood

ooo 2
I

O

-y

00000
ooooo
ooooo
ooooo
(0 00)O

goooaon

goooao

OJ

ooono
goooao

O
O
O
O
O

O O

O O

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

O
O
O
O

€))

JP 2012-16005 A 2012.1.19

oooobDboOoooooooobobooooo
ooocoboObobooooooooooboooood

ocooooao
o5 0oy O

O

(0)OO(@)D ..00 @)oo
OpO0O0OOOOOOOOO

O

googao

(goo)H)oooooooooooooooao

O
O
OJ
O
OJ

gogobobooooobod

[ |
O O
O d
O
O

od

ooobObOO0o0oooooao

uogoboooooboodoooboad

goooboooooan

ooooODbOOO0Oooooooooobooao

gooobooooboboooobbooo

10

20

30

40



4) JP 2012-16005 A 2012.1.19

goooooooboooobooobobboooobboooobboooboboooooan
(goooHh)ooobooooboo@oooooooo)H)YyoDoobboooooobOooDboobao
ooooboboooooooooOobobbooooooooobboboooooooobooao
goooboobooooobobooooobooooao

gooboand

ooooaon

ooooboooooooooDboboooooooo0D@oUoo)Yy oooooobD@oo
yocooooooooogoooooUoooDUooooooooDUooboDoooooOooDOd

O

0 cooooooOoooDOoooOoooooOooDOoD@oHYy booooDbooDoDOo
OO0OO0OD0ODDOO0OO0O0OO0OD (frequency-selective scheduling gain) 00 O O
oood
00
ocooooooO0ooobDOoooOoobooooOOooDbODOoDoDbOOoboOOoooOOooDbDOoDbDO
ocooooooU0oooDOoooDOoooooUoooDUOooDoODOoooooDoooDoooDOd
cooocooooooDOoooboOooooooooDUoooOooboooooDOooDoDOd
ocooooooOoooDOooboOobooooOoO0ooDbDOoDoDbOOobobOoooOOooDOoDboDO
ocoooo0ooo0oopDUoooDO0ooooDUoooDUooDoODOoooooDooDooDoDOd
o0
cooocoooO0oooDOoooOoooooOoO0ooDbDOooDbOOoboboooooDOooboDO
ocoooooo0ooobDOooboOobooooOoOooDbODOooDbOOoboOOoooOooDbDOoDbDO
ocoooooo0oooDOoooOooooooooDOooDoDOoooooDoooDoooDOd
ocooooooDooao
ooogo
O0
o0
00
OO0
OO0
00
OD

ocooo0o0ooOD0oobOOooOoO00obODO0O0oDbDoobOO0ooO0ooDOooODDboDOooO0oOoCc
goooooobbooooboobooooboboooobbooooboobooobboao
ugogoboooooboogoobooooboobooooobobboooobooooboad

s s e e e e e sy e [
Oooooooo0ooooo 00 ooDooo oD ooDoDoooDooDoDooogogogoooao
Y O

[y o

ooo0oo0oo0oooDoooDO0ooo0Do0ooDU0oooDUooDoODOooDUoooDooDooOO
00000000 ooDo0ooo0DO0o0DooDoDooDUooDoODOoooDoOooDoooDoOooOOOg
O
00
00000000 ooDooo0oDO0ooo0oooooDUoooDOoooDooDoooDoOoooOog
0000000000000 o00Do0o0Do0DooDoDoDOoDOooDoDooDooDDOooOO0
00000000 ooDo0oooDO0oo0Do0ooDo0DooDUooDoODO0ooDoDooDooDOooOOO
ooooo0oo0oooDOoooDOooo0ooDUoooDUooDoODOooDoDooDooDoOooOOd
0000000000000 o00o0oo0Do0ooDU0ooDo0DOoooDooDoooDoOooOog
Oo0o0o0o0o0ooo0ooDoooODOooDo0DooDoooDooDo@OoYyooDoooDooOO
ooo0oo0oo0oooDoooDOooo0ooDoooDUooDoDOoooDooDoooDoooOOd
Oo0oo
Ooo0o0oo0oooDo0ooOo0DooODU0ooDoooDooOD@UooOHY oooooooooOd
ocooo0oooU0oooDU0ooo0OooDU0oDOooOoDOooDU0oOoDUooDoDooDOoooDUooDDoDOd
00000000000 oDo0o0oo0D0DooDooDo0Do0o0Do0ooDooDoDooDoooDoooOog
00000000 ooDO0ooo0Do0ooU0DooDooDUO0o0Do0DO0ooDo0DoODooDoOD@OooOooOoOo)
Transmitter diversity technique for wireless communicationsd 0 0O OO0 OO0



e e e Y Iy

Ooo0ooogooogoo

ey I ) I Iy o
OooooooooooOoooOooooooooooOoooooooooooboOooOoaobo

O Oood

OoooooQgooao

OoOoooooOoooQgogoodg Oo0ooooogooooooogoooogoogao

Ooo0ooogooogoo

00
DoooooodO
ODooooooO
YD OOOOO)O
Dooooood
0

00
Dooooooo
DooOooooO
DooooooO
00
DooooooO
OoooooooQO
oooooooo
00O

00
DooooooO
Dooooooo
DoooooodO
00
Dooooood
OoooooooQO
oDooooooo
Dooooooo
00
DooooooO
Dooooooo
DoooooodO
0Doo0o00oo
Dooooo
00
DooooooO
Dooooooo
DooOooooO
DooooooO
Dooooooo
OoooooooQO
oDooooooo
Dooooood
ODooooooO
DooooooO
00
DoooooodO
ODoo0Do0ooOoO
Dooooooo
Dooooood

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

O
O

O
O
O
O
O
O
O

O
O
(]
O
O
O
O
O
O
O

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

O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O

O 0Oooo
O 0Oooo

O
O
O
O
O
O
O
O

O Ooo0ooo

O Ooooo

O 0Oooo

O 0o oo

O Oooo

O 0o oo

O Oooo

O 0o oo

O

)

oooboOoood
oooooood
ooooboboood
ooooOoOood

ooobOobOoOo0od

(0 O O O embedded
OD0DOooooooo
ooo

O Oooo

O 0o oo

O Oooo

uad

O O
O O

O
O

O
O

O 0o oo
O

udadg

O
O
OJ
O
]

O
O
O
O
O

O
O
OJ
O
OJ

O

JP 2012-16005 A 2012.1.19

gooooobbooooo

(0000000 oooao(

oooocoobooooo
gooooobooooao

goooocoobooooao

resource block)O O O O

gooboooobbogood
uoao

0

gogooano

O
[
O
O
O

O
O
O
O
O

O
O
O
O
O

(0 00)O

ooooao

ggoooano
gogooano

goooao

ooooOao

g

O
O

O
O

O
O

O O
O

O
O
O
(]

O
O
O
O

O
O
O
O

O

10

20

30

40

50



OOoooooooooooooooDooogooao

|

Nep =round

OooooogoQgoQg

O 0O o0OooBf

N g =round

[ i R
O O o
[ i Ry

O

O O0Oo0ooood

Oo0oDoogg4dooDooggUooooooggog
Ooooooo0ooooooooooogQgog
Oo0oDoogog4dooDooggUgoooooggog
Ooooooo0ooooooooooogQgog
Oo0ooDoogog4ddooDooggUgooooooggg

[
|
|

O O

(]

O

|
O

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

OooooogoQgoQg
Ooooogogdg

O

]

|

OoOoo0oo0ogao

O 0Ooo0ooo

OoOoo0oooao
O0Ooo0oooog
O 0Ooo0ooao
O 0Ooooog
O 0Ooo0ooao

0

goooooooboao
ooooooboboao

0

oooooooboao

O
O
O

Ooo0oooQgogoao

O Oooo
O Oooo
O Oooo

O
O
O

O0Ooo0oooogd
OOoo0oooogod

(6

JP 2012-16005 A 2012.1.19

000 (stacked Alamoutid)0 O 00O 00O DOOOOOOOODOOO

goooobbooooooooono

gooboooobboo

gon

oo

uoao
gooocoooboobooooooooooao
goboboooobbogooboboooobao
goboboooobbooobbooooban
gboboboooobbooobobooooban
o@oooHh)yoooopoopooooooo
gooocoooboobooooooooooboao
gooboooobbogooboboooobao
uoao
ooDoooooooDOoo@)H)YDOooDbao

1 9

faTs V16x

1

SOpMsAf

0000000006, ,,0000000
A, 000000COD0DDO0OO0O00, OO0
gooooobooboooooooooyO0O0
gogoobbooobobooobboodd
goooooooooooooooooao
goooooooooooooooooao

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

oooooDao
oopoocooooooDooo@ooo)g

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

|

|
O

O 0OooOooo
O 0Ooo0ooao
O O o

O
O

O
O
O
O
O

(0O O0)O

O oOooo
O 0Oooog
O 0Oooo

O
O
O
O
O

O

O x 0O 0o 0O

O

ocoooO0oooOOoooOOooOoO0oooODO0ooDoO(@oo)DhOooDOoo
coooooobooooooppODO0O0DDbODOoDbODOOooOD@OoDboO
Yooooooooo,0oo0ooooooOooooooooDOd

O
(]
O
(]

0 (0 )O

ocoboooooooo(@HY)oobooooooDbOoobDoo
oobo,00000D0DO0DO0DDODOO0O00OnD

ocoDoocooooooo@H)Yooooooooboooo

aNalslin
0000
0000
0,00
aNalslln

oooo
oooao
@oo)

10

20

30

40

50



Ooo0oooooo0oooooooDoooogoooooaog

000
Oooaod
gooboooooonn
00000000000
Oo0ooDOooooooan
gooboboooooonn
00000000000
00000000000
Ooooao
gooboooooooan
00000000000
OoooOoao
000

1 N-1

m = >D
N -1,74
X(n)=a1(D(n)-

X(N)mazm

oooooao

000000000

Ooooooao

gooooooooboaod

Doo00DO0D0DO0O0O0O0O

DoO00D0O0, 00000

oooooooooboad

oooooao

DoO00DO0D0O0O0O0O00

..00(@oo)Yooooo

goobooooooboao

Dooooo

oo, O0000000000

gooooooooboaod

oooooao

OoOo0ooogogooOogao
Iy [ I [y
OoOo0oogogoogao
Iy [ I N [y

OOooooogoogdg

O 0Ooo0ooo

O 0Oooo
DDI:IDI:I
O 0Ooo0ooao

u
O
U
u

(0 O 0)O

O O0ooo
O Oooo
O 0Oooo
O Oooo
O 0Oo0ooOoao
O Ooooo
O 0Oo0oo0oo

P

JP 2012-16005 A 2012.1.19

goobooao

O
0000000000 0000000
000000000000 0000O0
00000000000 000000
0Oooo0o0O0(@))@Oo0oo..

ooao

ylooooooooooooooooboboooooooooobobobobooooooao

Oo0oo0ooDOoooOoo0oooDoooOooooooooD@HooE@Hyo.
ooooooooooDOooooooooooDoOdg
ocoo@oo)oooDooooooooooDbDOoooOoOoooooooD@)Hoo

A

O
O
O
O
O
O
O

—
Pt

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

(]
O
(]
O
O
O
O

O
O
O
O
O
O
O

Oo0Oo0ood

p———

I R

OoOoo0oood

m)+ B

O0Ooo0ood

OoOoo0oood

O0Ooo0oood

(@ )HO

Oo0Oo0ood
O o0Ooo

O oOoooo
OOooQge O
Oooos Ood
O 0Ooo0ooo
Ooo0oogoe O
Ooooe O

O
O
O
O
O
OJ
O
OJ

n=1..,N -1

0000 (0)O
(0H)ooooo
0oo0o0ooO
00 (@0O0)O0

O OO

gooocoooao
goooooonob
gooooagao

|

]

0DoooooOoO
OpOODOODO

O

@Ho ...

0o (@O

x Qo ouooooooooooad

Oo(@OO)Dooooo

O(@OoOO0OO0O0D0)IO0000
OooopOOO0OODOOOO
ODooO0O0O0O0O000000
0000000000000

ogoao

@)H0o ...

L 00
0ooao

ooo
oo0o

ggao
aggao

O

O

O

O

O
(]

(0Co0o)oo
OooooooaQg
Doo0oooao

(0 )OO (0)HO
Ooo0o0oOoQO

goooooogaod
o

10

20

30

40



(8) JP 2012-16005 A 2012.1.19

p-|Ls
N -1

OO00o0ognoaod
gooooooooooogao
Ooo0oogaod
0000000000000 00(C)I0(@)]..00@O00)0000000000
Ooodo O oo ooD oo oo oo oDooboooao
gooognoad
godooo0oooogog0oo0oggoooggyggooUg ooy poDoDUooyog oo oDooogoDoao
Ooodoaod
] (D goodoaod )D gD oo oo b oo oo booag
0((@oooooO)oOoooobOoOOoooDODDoOOoOooDDODOoOOooOoDODDODOoOOoOOoODoODOoOOoOooOao
o000 oo oo oo oDoo0Dio0DUdfa O Oooao
gooooododgoan B gdoo0oodooooDooiooooDoooDoobuooouooooodd
go0oDooooooooooodd
0(@Oo0oo0DoDoOoO))Oo0O0oo0oDDODO0ODO0O0DDDOaa O o000 0o00o0o0ooooooogoao
godooooodoDodooDoooodoDogoooo oo oo oDoooDoooogao
g0 ot oD b o o0 oo bgooo (D )D ] (D )D .0 g
(@O)HooooooobooooDbao
OoO00oognoaod
gD oot oo o oD oo by oD oD oo oo oogao
godoooo0oooogoggoooggoooggggoooooo oo oo oo oDoDoooooDoooOooao
Oo0oo0ooodoDo0gooDooDoooDo0oooDooDoDo0ooDooDbdifa O gooooodnoaog
godooooodoDogooDoo oo b oo oo oo oD oD oo oDoooogao
godoooo0ooooo0oo0oDoo0o0goDooooo0oDooopoDoDoo o oDooooDoDoooOoaoao
Ooo0o0ogaod
godoodooodoogoboootoooooDooooboDo oD oo oo bDuooDoogoag (D )D O (D )D
.0 g (D 0ood )D oo obuoogduo O Oodogooogao
Ooo0oo0ogaod O goooogo0ooodgogoooooooDooygoboogg oo ooooDoogogao
(0 0 0)0
Ooooognoaod
gfdooooooooggoDoo0oggooooo0obooo oo oo oo oo ooDooogoaoao
godoo0ooodoDogooDoooDodoDo0goooDo0ooD oD oo oo oo oDooooDoooogoao
godooooodoDogooDoo oo b oo oo oo oD oD oo oDoooogao
g0 oot oDy by DU oDy LDy ooguo
00000000 DOD0oDO00o0DoODoODO0oo0oo0DoDoODOoOo@OooHYooDoDOoO
OoO00oognoaod
godogdognoad 0 gooooouoooobouooodd O dooooooooooobognog
O0no 0 Ood O goooogo0oDo0odogooogooooDoogoboooo oo ooogooogao
Oo0doooooooognoad O Oodoo0doboDooDoooDoobooDoDooDooboogooogao
gooodooooogopoDuoo oo b uooouoooogoddg O gooooooodgnoag
gfdooooooooggoDoo0oggooooo0obooo oo oo oo oo ooDooogoaoao
O00o00o0o00oooDoogooao 0 Oo0doDo0o00oo0ooogoo0ooDououogpoDooogogoooogao
Ood0ooobodnogaod (D Oodooooooooogauoano )D gooooodnoao

20

30

40

50



9) JP 2012-16005 A 2012.1.19

oooooao
0000000000000 D000D0D0D0DO0D0D0DODO0D0DO0OO0DoOO0an
0000000000000 0000000000000000D00, 00000000
0000000000000 D0D00D0D00D0D00DO0D00DO0O0oDOO0oOOn@)Dn @)D
..00@OooO)DoOO0O0DOO0O0DO0OO0D0DO0DO0DDODO0O0DD0DO0D0DOO0D0DO0OO0DODO0OO0DODO0OODDOO
0000000000000 000000D0D0000000D000000000000a0
0000000000000 oDOoOo0oDoo0oon

oooooao

00, 0000000000000000000000000, 000000000000
0000000000000 D0000000D0DO0DO00O0an 10
oooooao

oooao

<

. OO OB

n)=HX(n)+Z(n)

aalls
0000000000000 00.00,00000000..00,0,0000
000

0, (@)@O0O00..00,)00000000

oogadg 20
O

Y(2)=[1i(e) - Yy, (o)

ooocooao
ooooobooogod
ooooonoD

ooonon

ll==[Ef1 ‘e IIA4?Q]T 30

gooodadad
gooooao
gooooao
agogoano

Y(n)=hX(n)+ Z(n) M

oooooao
ooocooObObOO0oooooooao

goocooao 40
ooooD

Z(n)=|z1(n) - Zpr, W)F

/

oo oogoogo
o0 o dgogog
sy s [ Y

ogogoao

gobobooooobobooogobooogogooanb

gooao
@gHh)yooooooooooobobobooooooooooDbboboooooooboobooDboao

O0Ooo0oooaoo

0
U
O
0
O
O

oooao 50



(10) JP 2012-16005 A 2012.1.19

ogoooan
h
gooooao
0 g
ooDoooo
ogoogoao
. 1 N -1
Ao S Y(n)
ﬁ(N'l)nﬁl
1 NZ
- h{oy (D(n)-m)+ B}+ Z(n)]
BN -1) /4
1 N- 1 N -1
- Sl (Dla)-m)+ pl+ =L S 2(n)
ﬁ(N—l)n=1 ﬁ(N""})nml
1 N-1
- S Z(n)
ooDoooo
oooooooooooooan
gooooao
0oo0oo0oo0ooDOooo0Do0ooO0ooDoooDO0oDOo0DooDU0ooDDOooDOoDOooODOoDoDOooOaO
O@)IO(@)D ..00@OUO0O)0DO0DDOD0D0D0O0DO0O0De , 00000000000
00000000 OO0OO0DOOO0OONDDOOOODDOOOODDO@)ID@)O...00(
0o0o)H)oooDoOooooODoODOooooODoDOooooODoDOooooODoDOoOoooDoDooobooad
oooooooU0oooDOooo0DOooOoU0ooDUoooDO0oODO0ooDU0UoODDUOooDOoDooODUooDDUOoLoOO
gooobooooobooooobobooo bbb oo oboDbooo oD booooobboooao
0000000000 Q0Od (effective noise random variable)
ooDoooo
ogoooan
N-1
Z(n)
n=1
ogooooao
oop@OO0OHMOODUODODODODDODODODDODODDODODODDUODODDOODODODODODODDODOO
poOO0O0O0OO0OO0ODUO0ODODODODOOO0DODU0OODOOODODDODU0DODDUODDODODODODODUODODDOO
N I T I A I A 0 R A O R O B R
goooboao
ogoooao
h
gooooao
gogoooboooboboooboao
OoDoooo
0000000000000 O0O0DO0O0OD0OOODO(@)OD@)D..0D0@OODDDn
gooooao

10

20

30

40

50



(11) JP 2012-16005 A 2012.1.19

goooao
I\H AH
A 1 (h"Y(n) 1 h”Y(N)
D(n)*_“ _»T’"W“ﬁ + T
a;{ h"h &, h"h
gboooon
goooobobobgobobgobobobob ..bobobobobobuoboboo
od
gooooao
gboooon 10
goooonn
goooao
Din)
goooon
oooooDoooo@HYoooooDoooooooooDoDoDooooooooooooOoao
gooooOoOOoOoooodoo@)yYhoooooooooooboOooooUoooooob oo
ooooobobOoOoooooooobDDbbOoOoooUooobopbobpbobooogo@HYoooboao
oooooDoODoDoooooooDoDoD@oo)Yyogoooooao
oDooooo 20
ooooao
Din)
oooooag
goodbobuobobobobuobobobUoboboboo
gboooon
goooobobotbotbobobobobobobuobobuobuobuobuobobono
gooooooobooboogooboogobobobooooboboooobbooooboooooboao
goobobobobgobobobobobobOobUobUobUobUobuobuobobono
goooooboobotbgobobgobobobobobobobobobuobuobobono 30
ooooooobobooooboooogobobao
gboooon
cooooo@Hh>booooooooooooooo,@H)booooooooooooao
ooooao
gooooao
goooao
a1k)=Eq(k) k=1,..,N-1
lzé; }% 40
Blk)= =250 k=1..N-1
N -1 ’
ay = (N -1)Eg(N)
goooon

0000000 (@)DO(@)D..00@OO0)IO0O0@)IDO@)D..00@)Io000
0ooo
Doo0O00oOo



(12) JP 2012-16005 A 2012.1.19

Ooo0ooOoao
1 N-1

N o1 ﬁlD(k)

X(n)= al(n)(D(n)wm)+ /J’(n) n=1,.,N-1
X(N)=- o ,m

Hl =

OooDoooo
OoDoo0ooo
ODo0O0O0o
0000000000000 00O0DD0DD0DO0D0DO0DO0O0DODO0DDNONDODO0DOODODOOO
000000000000 ;00 ,000B00000000000000000000O
000000O000a, (0)J..0a,(@00)I0a,000000000000008¢8
(0)0 .0 (MDOODNIODOODODODOONDDODODOD(@)IODDDOODDODOODD
O0DO0DO0O0D0DDO0O0OO0O0OaO
OoDoo0oo
00000
N-1 N-1
Y(n) 2 [hie, (n)(D(n) - m)+ Bln)}+ Z(n)]
o Za) 2 o, )
T ON-1 - u
(n) S Bl)
fre] a‘l n nml al(n

N -1
nwal(n)
gooooao
Oo0oo0oo0oooooan
gooo0o0O0oOoaod
0000000000000 D0DD0DD0DDODDODDODODODODO(@)DDO(@)D..0D0@OO)0Dn
gooooaod
gooooao
¢ H o
. 1 (h"Y(n) 1 h7Y(N)
<D(’,l)= AH,\ —'ﬁ(n)-}- AHA
a,(n)l h7h a, h”h

gooooao

uggoboooooboogooobooooobooo...obbooobbOo

ooocooao

goooboooooboogoobobooobonob
goobobooooobooooboooboobobooobboooooboboooobobooooonan
ooocooobooboooooooooobbooooooooobobobboooooooooao



OOo0oooooo0ooooooooooogogooao

O o

O

O Ooooo

(13)

Ooodooao
Oo0Q0O000oo0ooo0ooooooooooaooao
Oo0000O0oooo0o0oooooooooooao
godooogogogoogogggoouououoooogao
godpooaod
Oo0000Ooo0oo0o0oooooooooaoao
go0do0ooogogooDogogggooououoooogogao
ooobboyoobooOoogogobooooobnb
Oo0Q0O00O0oOo0oo0ooooooooooaooao
0)I00O0D000,(@)I00000000
Ooodooao
gooooo0oooooogguooououooooogano
O
go0do0o0oogogooDougoguooouououoooogao
goopooooooouoguooouououoooogno
000, (O)00, (@)J..00, (0)D..0
g00o0o0oo0oo0oooooogooao 0 (@Hhoao O
godooooooDoogooououooooogao
OodoooUooosd OO oooooao
O 0
Oogdooaod
uoouobbiodUda ygQ0agd pOOOd OO
Oo0000Ooo0oo0o0oooooooooooao
godooao
Ooo00oaod
a1 =+Eg

N-K
a2=\/ ES

N
5 [EsK

N
5_ [EsN

K
Oodooaod
Ooo00oaod
Ooo00o0aod
gogdgooogad
godpooaod

[ |
[ |
O d
[ |
O d

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

00000
OooQoo
0, (0)0
@)HO .0
DooQoO0
00000

ooooaon
ooooaon

[ |

O0Ooo0oooao

JP 2012-16005 A 2012.1.19

O d
[ |
O d
[ |

O o0oo O
0o
m|

OJ
O
OJ
O

oggao
uggao

O O

(]

n ()OO
0000
0000

oooao
gooao

@ HOo ...

gooooooao
gooooooao
ood

gooooooao
o, 0o0boooboao
oooooooao
(ooboooboo

oooooooo
oooooooo
oo, (8)Hoo
oooooooo
Ooay 0oy OB
oooooooao

gooodoooan
goooooao

gooooooboobobooooooooobbobooooooooobobbooooo
goobo,b0b0b00000oo0ooooobobbbooooooooobbbooooao

10

20

30

40



(14) JP 2012-16005

ooooao
Forl=1t0 K
Fort=1toK
N
"%
K )
mej = EDt(J)
N N
j=(l—})——+1
K
End
For n = ({-1)(N/K)+1 to [(N/K)
Fort=1to K
Ifr ==
Xt(”)= al(Dt(”)"mr,l)‘*‘ﬁn
Else
Xt(”)= aZ(Dt(”)"mt,l )
End
End
End
Fort=1to K
X, (N +1)=0my
End
End
OO0O00Oo
000000000000 D0DO0(@OO0..0000)I00O00O
. (0)0D00D0D0D000000D0O0O000,(@)I000000
0000000, (0)00000@DO0)
Oo0o0o0oo
0000000000000 0000000000000000
0000, 0,0000000000000000000000
000000000 (@OO0)O0O00ND0O0O00NON0OO0ONOnDoOad
000000, 000000000000000,000000
000000000, 00,000000000000
Oo0o00Oo
0000000000000 0O00000O000O0000000
0000000000000 0000000000000000

O 0Oooo
O 0Oooog
O 0Oooo

O

goooao
goooao

0ooooo
0ooooo
(0 O O0)O
ooooo

ooooao
,0ooao

O 0Oooo
O 0Oooo
O 0Oooo

A 2012.1.19

10

20

30

40

50



(15) JP 2012-16005 A 2012.1.19

goooooooooooooooootbooooooooooooDooooooon0onooano
ooocooobobooooooo,O0b0DbOO0OO0O0DO0oo0oobocobobbobboooooboooboao
gooooooO0ooooooootboooobooboobooooooooooao
goooO0O0oano
gooooooooooooooooooooooooao
gooooooooooooootootootoooboobooboooooboooooooOooooao
goooobboooouooogO0b0y0000000C0CDODDODOOO0DOOOOOODODGOGO
gooooooobodoy,b0by,00b0bbo0ooobboooobboooobbooooondan
OoooooooooooOoodno
Dooooao 10
goooO0o0oaod
K
Y(n)m EhtXt(n)+w(n) n=1..,.N+K
=1
Ooo0o00ooano
gooooooooooooooooooooooooooooaoan
gooooaod
Oo0o0oao
N N 20
K K K 'K
h; =— EY(”)=ht L EW(”)
Np N Np N
n=(-1)"=+1 n=(t-1)=+1
K K
gooooaod
Ooo0ooao
gooo0O0oao
gooooooooooooooaooao
Ooo0o00o0ooao 30
Uboypx0000000d
gooooao
goooao
G=|by hy - Byl
goooooano
gooooooooaooao
Ooo0o00ooano
gooobbbooooooooobbbooooooooobboboboDooooooonD, g
s 00y 45 0...00,5 5,0 40
Ooo0o00o0ooao
oooO0o0aod
m, 57 0 - 0

Tl |0 07 ?E(GHG+67‘IJ1GHY(NM) n=12...K

goooooaon 50



o0 oooQgdg

(16) JP 2012-16005 A 2012.1.19
gooobooogao
ooooao

Oyopg 00,5, 0.00,,,00000000000000000000000

L (@HY0D0, (@)D .00, (@)I..00,@)Y00, @)I..00, (0)HIDO
ooooo
0000

Fori=1tw K

Forn = (I-1)(N/K)+1 to I(N/K)

Fort=1tw0 K

RBET7FFt oY w I rFEnEr o BN EHETS

OooooooooooogQgog

; H 2 TiaH
X (n)= (G G+67Ig | G"Y(n)
t
Ift == Dﬂa(n)="}m(¢r(n)—ﬁ)+rﬁu
a,
Else
3 X)) .
Diin) = +my |
>
12%)
End

End

End
End
00000
Doo0o0O00O000O0O0O00n
00000
00000000000 O0OOOOO0O0OO
D000O0O0D0D0D0OO0O0OOODO0OO0O0OOOOODOOO0ODODOODOOODOO0DOoOOoonogoaon
D000O000O0O0O0O0OO00DO000O00000OO0O0O00O0O00OO0O0O00oo0ooonaogoaon
0000000000000 O0O0O0OOOOO0DOOOONONOONOOODOONOOOOOoGgan
0,000,000000000000000000000O000000
00000
0000000000000 00000000000,000000000000, O
0000000000000 000D0000O000000, 00000000000
000, ?0000000000000000000000000000000000
0000000000000 O0O0O0O00O0OO0O0O0O0O0O0O00O0an
00000

20

30

40



Oo0oooooo0oooooooooDooooooooooQgg

[
Oooooooooooooogog

oo ooowwooooooogogoQgoao

[

O

OO0 Do ooogogooooogdg
Oo0ooDoooooooooogodg
OO0 Do ooogogogooooogoogdg
Ooo0oooooooooooogodg
OO0 Do ooogogooooogogdg

Ooooooooooooooogog

oo oooooo0oooooogQgoo
OO0 ooooo4gogooooggogao

O 0Ooooo
O O0Oogoo
O 0Ooooo
O Ooogoo
O 0Ooo0ooo
O Ooogoo
O 0Ooo0ooo
O Ooogooo
O 0Ooo0ooo
O Ooogoo
O 0Ooo0ooo
O Ooogooo

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

O
O
O
O
O

LSO [ [ [ Y i [
Oo0oooodogoao

O
O
O
Q

]

Oooooogogogoao

Oooooodogooao

Ooooooogooao

Oooooodgogoao
O O0Oo0oo0ood

O
Q

o

O 0o oo

Oooooodgogooao

Oooo0oooQgoao

O OooOooo

I [ o [

™

OoooooogoQgoao
Oooooogogoao

an

ooooOao
goooan
gogooano
ooooOao
goooaon

ooooo
(0 O00)O

O

O Ooo0ooooo
O0Oo0oo0ooao
O 0Ooo0oooaoo
O 0Ooo0ooo

OooQgooo

(0)HO O
0ooao

[

Ooé6 OO0
ooooOao

O 0Ooooo
OO o0goo
O 0Ooooo

O
O
O
O

O
goooao

JP 2012-16005 A 2012.1.19

0
O

O0Ooo0oooo
OoooooogoQgoao

O

ODoo0O0OoOooO
Ooo0O0oooo
(0oo0o)oDoo
Oo0o0O0Ooooao
00 (@O000)O

ooooOao

O

O

OoOoo0ooogdg

O o

O

O 0Ooo0ooo

O

O Ooo0oooao
O0Ooo0oooao

O

O Ooogoo
O 0Ooo0ooo
O Ooogoo
O 0Ooo0ooo
O Ooogooo

O
O
O
O
O

O Ooogooao

@ )Ho
(0)HO O
oDooO

ooono
oooao

Oooo0ooogoQgoo
£ S [ Y s [ Y

O

O

Oooooooodg

O
O

O Ooooo
O Ooo0ooo

O
O

O o0Oooo

10

20

30



goooano

[ |

O oogogH

O0o0oogoood
O 0Oo0Oo0ooo0oadd
Oo0Oo0oogoood

(18)

JP 2012-16005 A 2012.1.19

0o
goooooooDoooDooDoooDooD oo oD oo oo o b oDooooooad
oo oo b to0uUoooogno
0od
Ood0do0o0ooooDooooooognogano
O d
O
1 N
my =— SDyk)
N
1 N
my =— S Dy(k)
Nz

gooooaad

000000000000, (0)00, (0)0

0)Jl..00,(QO00)IO00000

O

OooobOoo0ooOooOooOod
Ooooooogooodg

O

000000000000 O0OO0O0@OoOO0O
00000, (0)00000000000O0
(0000 ..0000)000000O000O0
00O0O0O00000O0O0O0O0O0, % @)oo
oooo

000000000000 O000O00000
000000000000 O00O0O0O0O0OO
000000000000, O0,00000
000000000000 000O00000O
0000000000000 (@OO)DOD
0oo0O

O
O

O
O
O

I o Iy
Ooo0oo0ooano

O
O

.00, (QO0)O

..0oooHh)oodod

|

o (OO0
Doooo
(0 O 0)O

|

0ooooOoo
oooooo
0oooooo
(0 O00D0)O

O
O

O 0Ooo
O 0Oooo

0, (@)d0O

oooooan
oooooao
0, " (@)Ho

O
Oooooono
oooooo
(Coo)oo

O
O

O
O

10

20

30

40

50



(19) JP 2012-16005 A 2012.1.19

gooooboboy,00oooooobboooododop0ob0bbob0oooooooobooao
ooocoobobooooooo,O0Db,000000O0CODODDODODOOOOOoOOoOOoDODbDOO
ooocoobobobooooooooobbbooooooooobbobobooooooooboao
oo, o0b00000000O0o0oO0bO0DbO00O0oo0oo0oooobOboboooooooooobooOoao
ugogoboocooobooooboouob,0ooobbooobboooobbooooonan
ooocoobOO0OO0oDooooooobobboooooooooboboboood

gooooao
goobobooooobooooobooobobobooobbooooboboooobobooooonan
ooocoooboooooooooobobbobooooyboyO0b0b0b0OO0DO0DO0oO0ooOoboooDbOaoO
gooooooooboogogooboogoboboboooboboooobboooboboooooboao
goooogag

goooao

Y
Y

)= thl(n)+h2X2(n)+ w(2n ...1)
n)=-h1X5(n)+hy X1 (n)+w(2n) n=1...N

(2n
(2

Y(2N +1)=h{dom; + hydmy + w(2N +1)
Y(

2N +2)= —hl(sz + hzéml +w(2N +2)

oo
od
aad

oo

O Oooo

ooao
goooaono
gadg

hl Btk h2

ad
oo
od
aad
oo
od
aad
aad

OooooogogoQg

O
O

O

O 0OooOooo
O oOooo x

X O O

O

oooODobObOO0oO0ooooooobObbboooo0oboobObbbobooooooboao
gooooboooobobooooobooooobboooboboooobbogoao
gooooooooan

g
t
O
O
O

h, X h,

Ooo0ooog

h; =

Fa

h; =

goonoan
ooooao
goooano
gaoogao

b

NB
1
NB

goooooaon

goobobooooobboooobobooobbood

N
2

N
2

Y2 )=h1-j—v%§w(zn>m

n=1

N
Y(2n-1)=h — w(2n -1)
2 Np 2,

20

30

40

50



(20) JP 2012-16005 A 2012.1.19

goobooooobbooooao

ogooooao
oooobb,O0o0oopb0oboobO0Oao
ooooogao
Oooooao
. 1(M YN +1)+0DY (2N +2)
my == He 2HZ %6,
o h}hl-i-hzhz
o _1(B5 YN +1)-h{ Y (2N +2)
2= ~ IT A~ ~ LT A
8 hi'h, + h&'h,
Oo00o0ooOoao
gooooooooboooao
oooooao

00,000,0000000000000000000, @)J0, @)I..00, (
0)IO0O0O, (@)IO0,(0)J..00,(@)I00000000O000000000

0oo0ooaon
ooooao

1 (A Y(2n-1)+R]Y (20)

Dy(n) =1y +— N T 7 n=1,..,N R

a1 h1h1+h2h2
. 1 (6 y(2n-1)-RTY" (2n)
Dz(n) my + e 2z -f| n=1..,N

%) h1h1+h2h2
000000
0000000000000 00000D00000000
0000000000000 000D0000000000000000000000000
0000000000000 000D00D00000000000000000000000
0000000000000 000D00000000000000000000000
000000
0000000000000 000D00O0000000000000000000000
0000000000000 0O00D0O0D0O0,00,00,0000,00000000
0000000000000 00000D00000000000000000000000
0
000000
0000000000000 00000D000000,000000000000000
0,0000000000000000,0000000000000000,0000
0000000000000 000D00D00000000, 0000000000000
0000, °000000000000D00000,°000000000000000
O,"000000
000000
000000000000
000000



(1)

gogboboooooboooobboood

JP 2012-16005 A 2012.1.19

ooobOboOO0oooooooobboooooooobbobooogg oo
uoogobobooooobboooooobooooobboooobobooooooboboooao

0o0o0ooDoOdOxOooooad

Ooo000ao
) .-
S -8,
*
Sy, 85
ES
S3 -84
*
”84 S3-
Ooo0o0o0ogad
Ooo0o0o0ogad
Ooooo0oOoaod
00000 x 0o ogoao
Ooo0o0o0ogad
oooO0oaod
E S
SI& Sl "SZ
ES
S, S
gooo0O0o0oOoaod
oo0oo0ogad
00,0000
O 0O
gooo0ooOoo
Ooo0o0o0ogad
Ooo0o0o0ogag
Ooo0o0oo
*
32=53 ~ 84
£
S, S3
Ooo0o0o0ogag
goooooooooooao
O0o0oO0oO0oo0oooogoao
gooboooooboogd
000000 (@OO0DO0)O
OO0o00oO0o00ooooOogoao
Ooo0o0o0ogad
goooooOooooooao
OoooO00Ooaod
oo0oogadg
00 0)0
ooo0oaog
Oo0o0oo0oO0oo0oooogoaono
Oo0Qo0Ooooooogoaono
Ooooo0oOoaod
Oo0o0o0oO0oO0ooooOogooaono
Oo0Qo0OoOoOoooDooao O O
Ooo0Qoocooooogoao
goooooOooooooao
O0o0oO0oO0oo0oooogoao

O 0Ooo0gooo
O Ooogoo
O 0Ooo0ooo
O OooQgoe

O

O

O

O

O 0Ooo0ooo
O Ooogoo
O 0Oo0ooo
O OooQgoe

O

gogooano

O

O 0Ooo0ooo

O

O Ooogooo

O

O 0Ooo0ooo

O

O Ooogooo

O

O Ooo0ooo

O

O

O

O 0Oo0ooo
O 0Ooogoo

O

O

goooao

O

O Ooogooo

O

O 0Ooo0ooo

O

O Ooogooo

O

O 0Ooo0ooo

O

O Ooooo

ooobODbOOO0oooooooooboao
ooobObooooooooooob g o
gooboooobboooobboodd
O, 00000000, 0000DO0O0O0

ooooODbOoOO0oooooooooooboao
ooobObOOO0oo0oDoooooobboooooooobboboooooooboao
ocoo@oooooooDOoooooUoopDUoooDoooDooooouooao
ooooboOoo0ooooooooobobbobooooooooobobobobooooooan
gooooboobobobooooooocoobbobooooooooobobbooooo
oooDoDoOooooooobooboao

g
g

O O0Oo0ooo

g
a

O Ooooo

O

Ooo0oo0ogao

O

O

[ |

gooooooooboboogo
goooooooobobooodd
Upuobobooooobbogd

goooooooobobogo

10

30

40

50



(22) JP 2012-16005 A 2012.1.19

00000, ()00, (@)J..00,(0)000000000000000000, (
0)lo, (0)0..00,(@)I00000000000000000, @)I0, (@)

g ..
0
4

OOoo0oooaoo
O
O o0Oooo
O 0Ooo
OO oo

OO oo
R oooooo
oo oooo

[y

O Ooo0oooo
O Oo0Ooooao
O 0Ooo0oooo
O Oo0oooao
O Ooo0oooo

OO0 oood

s I Iy

(0)IDDO0O000O000O0O0000000, @)I0, (@)0...00, (@)
000000000000 000000000O

O

0000000000000 00000a,0a,0p000&000000

O

O00D0ay; 0oy, 0pO0O0O0O0SdIDOOODOOODODODOOOOODODODOO
gooboooobboogoooboooboboooobbooobboooobonob 10

O
4
VE s

=
!
1)
Z
|| =
I

2 F .

N

EgN
2

0
I I I I I I I I I I I I I I B N O R MR
goooooobooooooogpob0bbbooooooooobboooodd
goooan
oo
0 30



(23)

ogoooan
Forl=1to 2
Fort=1t4
my | =Kf | Eﬁt(l)
]#(l—l)-zénl
End
Forn = (I-1)(N/2)+1 to I(N/2)
Ifi==1
X1(n) = a1(Dy(n)-my g )+ B
Xz(n)=az(D2(ﬂ)-mz,z)
X3(n)ﬂa2(D3(ﬁ)—m3,l)
X4(ﬂ)“a2(D4(n)—m4,t)
Else
Xl(”)*az(Dz(”)“mu)
Xz(n)“az(l)z(n)_mz,z)
XS(n)ﬂal(D3(n)-m3,)+[3’
X4(”)“02(D4(”)“m41)
End
End
Forl=1to2
X (N +20-1)=6m,,
X,(N +20-1)=6m,,
X, (N +201-1)= 6m,,
X, (N +20-1)=6m,,
End
End
gooooao

JP 2012-16005 A 2012.1.19

0000000000000 0000(@O0OO00D0..0000)I00000000000
00000, (@)0000000000000000, (@)I00000O0000000
000, (@)I00D0000000000000,@)I0000000000000(
000000..0000)I00000000000O00000, °(@)0000000
000000000, °(@)I000000O0O0O0O0OD0O0OO0O0O, Y @)I00o0oOan

10

20

30

40

50



OoOooooooobhoooooooooooOooobod
OooOoOooooooobDhooo oo oooooogooodg
OoOoOoooooobooooooooooooOooOoobod
OooOooooooooDhoo o oo oooooogogoodg

Oooooooooooogo

V(22

[Rany

(24) JP 2012-16005 A 2012.1.19

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

000000, % (@)0O000(@Ooo0)o

00

000000000000 000O0000O00000000000
000000000000 00000000000O0000D0O0O0OoO0OoNoooaO
0000000000000 00000,0,0000000000000000
000000000000 00(@OD0O0)IOO0DO@OO0O)IOO0OO0O0O0OO
000000 @OO0)DOOooO

00

000, 000000000000000,0000000000000000
00,0000000000000000000000000000000030
000000000000 000D00D0O0D00O0O0O00O00OO0O0O0OoOOoao
00, 00000000000000000000000000000000
000000000000 00000000000, 00000000000
000000000000 000D000D0D00O0O0OO0O0O0D0OO0O0O0OoOOoao
0ooo

O

O

O

O

O

O

O

) =byX(n) +hoXo(n) +sXo(n) +hyX )+ w(2n-1)  m=1. N+2

Y(2) =hy X5 () +ho X () -he X () +hu X3 () +w(2e)  n=1..,N42

O Oooo

goooand
oooODOO0O0ano
goooano

gadagao

hl,hz,h3 /46 h4

O

OooooooQgooo
O 0O oo
O 0Oooo [ Ry |

OooOoood

O o0ood

|
O
O

O

0

ad

ooocoobOobooOobooooooooobobbooooooocoobboboooooooboao
oooobbby,00oo0ooobooobbboboooooboo,xbbOOooooooboao
oooooboboooooooooobbooooooooyxbObOooooooao

gooboooooboogogoboooobobooooboboooobooooboboao

o0

ggao

h{,hy,h3 XV h4

gooooao
gooooaad
goooooao

10

20

30

40



(25) JP 2012-16005 A 2012.1.19

ogoooan
N N
A 2 2 2 2
hy =— SY(2n-1)=hy +-—— Sw(2n-1)
Nﬁn=1 ne==l
N N
A 2 2 2 2
hy == SY(2n)=hy +-=- Sw(2n)
Nﬁn=1 Nﬁn=1
N N
.2 2 2
h3:-——EY(N+2n-1)mh3+~—2m2w(N+2n—-1)
NB y2t NpB 21
N N
N 2 2 2 2
h4=—EY(N+2n)=h4+—2W(N+2n)
Nn=1 Nﬁnml
oooooag
oodoooooooooooan
gooooao
gogoobbooobobboooboood
goooooao
gogogoano
h, h h
G| M2 hs M4
h, -h; hy -h;3
goooboao
gooooooobboood
gooooao
goobobooooobobodyxbOooobobooooobooo
oooooag
godooboboooobooooooboooo o bbb oD oo o oD boboooooooodao
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
g O
gooooao
ogoooan
L] [67 0 0 o
.| 10 87 0 0 . 2N +2n-1
"o - . (GHG+021J1GH ¥ ) n=12
g, [0 0 8% 0 Y (2N +2n)
M, |0 0 0 &7
ogooooao
gooooooogdd

10

20

30

40

50



(26)

goooan

JP 2012-16005 A 2012.1.19

O
0000000000000 00000000, @)I10,(@)1..00, (@)0..00

O o

goonoan
goggao

Foril=1to 2
Forn = (I-1)(N/2)+1 to I(N/2)

O

(0)IO,(@)0..00,(@)H)0000000O0D00000O0O0O0O0000

FryRVERANRBILY v E TEINES PBNRY MV EEET D

X, n R - Yi2n -1
A2( ) 2((;FH'(;_'!_()_,214)1(;}1' ($ )
Xz(n) Y (2?1)
_Xez(n)
Ifli==1
51(n)=£;(f1(ﬁ)—ﬁ)+ﬁz,z
Dy(n)= inn) +hy
alr)= 2 g
Dy(n)= X;in) + g
Else
ﬁ1(”)m X;(n)""ﬁ;,z
2
. X X
2(”)” ;(n) 2}
2
. 1 (- .
D3(n)m——( 3(11)—[)’)-1-1113!
a,
. X .
Da( )* ;(n)"' 41
2
End
End
End
000000

goobooooobooooobooooobonboao

ooocooboboooooooooobobbooooooocooobobobobooooooooobooao
ooooboboooooooooobbbooooooobobobpbobobOooooooooDb oo

10

20

30

40

50



gobobobuobuoboobooodg
goooDoDDbO@obooooboo)Hao
gooooooobbooooobao
gbobobobuobuobgoobogoodg
gpooooboobobonn
oooooao
gbobobuobuobobgoobogoodg
ooooOoDooOOooooo@)Hao
Do0O0O0O00O0(@)IDnE@)o..
O0DD0DO00D0DO@)DD @)O
ogoon
gboooonn
0000000000, Oa g O
gbobobuobuobgoobooodg
goooon
goooao
aq m=1/lf5
ay = \N-1)Eg
B= S
N -1
oooooag
goooaod
0Do00o,
gbooboobdobobgonn
gooooao
ooooao
1 N-1
m=—— 3 D(k)
N-1;4
X(n)=a1(Dln)-m)+
X(N)=a2m
goooon
oooooag
gboooon
gobobobuobuoboobogoodg
gbobobdobdobobgood
gooooooobooooobao
gbobobobuobuobgoobooodg
gooobobgobuoboboobod
gooboooooobooooobao
gbobuobuobuobobgoobogoodg
gobobobobuoboobooobodg
oooooag
gbobobobuobuobobooooddg
gobobobuobuoboobogoodg

27

ooobDDaOo
oooooOao
oooooDao
ooobDDaOo

ooo0oo0ono
0(@)O ..00
0(@)oOoO

O

ooooDnD
ooooaon
ooooaon
ooooDnD

ooooo
(0O O0)O
ooooo

..00@OD0)00O0O0D

OopOOO00
Oooo0oO0OonO

OOooooogoogdg
O Ooo0oo0oooao
O Ooooooaog
O Ooo0oo0oooao
O OoOo0ooooaog
O Ooo0ooooao
O Oo0ooooaog

O
O
O
O
O
O
O

ooooaon
ooooDnD

o0 Oooogao
O Oo0o0ooooao
O 0O0o0ooooog
OOoo0ooooaog
O OoogB2e Ooog

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

O 0o oo

0000000000 00000000O0O0(@)I0E@)0
0000000000000 0000000O00D0000000000000

O O0Oo0oooo
O O0Oo0gooo

JP 2012-16005

Q O O O
O O o
O Oooo

OooOood
]

O
O
O
O
O
O

O O0Oo0oooo
O Oo0gooo
O O0Oo0oooo
O Oo0gooo
O 0Oo0oooo
O Oo0oooao
O 0Ooo0oo0ooo
O Oo0goooo
O 0Oo0oo0ooo

O
O
O
O
O
O
O

2012.1.19

O Oooo
O 0Oooo

..00(@)ooo

O O0Oo0oooo
O 0Oo0ooOooo

10

20

30

40

50



(28) JP 2012-16005 A 2012.1.19

oooobDDaOo
ooocooao
ooocoobobbooooooooobbboboooooooobbobobooooooao

gooooao
gooobao

YSD(n)whSDX(n)+wSD(n) n=1,2,...,N
goooano

gooboooooobbooad

Do0O000 10
Dooo

hsp

ooooao
ooboObbOy,xOd0O0oooobbOo0ooooooooboooogod
goonoan

oooOao

Ysp n) 28 wp (n)
goooooOoaod 20

ooooby,x0OO0OOooooooooao
gooooao

Oo0o0oao
WSD(”)

I I o B |

O Oooo

0
c,,°000000000000000

0

0000000000000 000000

0 30

O OoOo0ooodg
O 0Oo0ooogod
O 0Oo0ooodg
O 0Oo0oogod
I A A

YSR(n)whSRX(n)+ WSR(II) n=1,2,...,N
Doood

Do0o0o0o0oDoOoooooo

Dooo00

Dooo

hgr

goooan 40
ugogobbypxooboooooboboooooboooobooado

ooooao
oooDaOo

Ysg (1) 2 wep(n)
Ooo0oo0ogad

goobooyxOOOoOooooooaogao
goooooao

O Oooo

I I o B |



(29) JP 2012-16005 A 2012.1.19

Ooo000ao
WSR(n)
Ooo0oo0ogad
ugogbbifogqg U Doooooooooooooao
gooo0O0o0oOoaod
O0o0D0o0o0o0oooDoogooao
Ooo0o0o0ogad
Oo000ao
hgp
OoooO00Ooaod
Ooo0o0o0ogad
Ooo0o0o0ogag
OoO000a0o
i {1 N-1 {1 N-
hSD=“““””““““‘“““““_(Nm1) EYSD(”)thD"'“"__”(N 1 > wspln)
n=1 -1)p n=1
goooooOoaod
O0Do0D0o00o0ooDoao
Ooo0o0o0ogad
go0o0Q0O00oooooououoooooooo
OoooO00Ooaod
ooooao
hsg
Ooo0o0o0ogag
gooo0O0o0oOoaod
Ooo0o0o0ogad
Oo0do0oo
R 1 N-1 1 N-1
hSR=(N 1) EYSR(”)thR (N 1)/6 SR(”)
He= n=]

Ooo0o0o0ogad
Ooo0oooogoooad
OoooO00Ooaod
Ooo0o0o0oO0OoQgoao
Ooo0o0o0ogadg
Oo0o0oao

hggr
Ooo0o0o0ogad
0oooooooooooooooooo@YY @ooo..ooHh)oooooao
gooo0oOoaod

10

20

30

40



(30) JP 2012-16005 A 2012.1.19

gooooao
CH
h, Yop(n)
SR *SR
XR(n)mGAF ~ 1T n=12,...,N,
hSRhSR
goooO00o0oo
goooobooooooooo,, p00o0oo0oo0oooooboooo0oan
gooooaod
goooooooooooootootoooo0otboobooboo0oboooooooooooOooooao
OoooO000oao
gooooaod
Oo0o0oao
YRD(”)“hRDXR(”)“*‘WRD(”) n=1,2,...,N
Ooo0o00ooano
Ogooooo000oaoao
gooooaod
Oooooooooooooodno
gooO0O0ono
Ooo0o0ooao
hzp
Ooo0oo00o0ooao
goooO00o0oo
goooooano
goooao
N N-1 N4
hpp= = ) EYRD(”)“‘hRD“'( By SWrpln)
nwl
gooooaod
Oo0oooooOoooOooano
goooo0O0oOoo
goooooooooooooooootoooooooooooobooooooaoao
Ooo0oo00ooano
goooao
AH 2
A2 1Y hSDYSD(”) 6H
GSD__E “H - -1 SDhSD
N, 2 hdh
h SDVSD
vl 2
2 |1 hRDYRD(")i CH p
ORp =| = 2 "o+ -1|hgphgrp
N n=1 hRthwi
goooO00o0oo
ooaoao

ooocooao

10

20

30

50



(31) JP 2012-16005

ocoooooooooDOoooobo0oooDo@HY)Yo...oo@ooHYyooooodo
ooocooao

A 2012.1.19

Doooo
D)= (X (n)-B)s n=1...N-1
ai
AH AH
ho, Y, (n) + b, Yep (”)
. C;Z (}2
ZIT X(n)=| —72— "R n=1..,N-1
hh. hZh ’
sptsp  Arprp
A A2
Osp Orp
AH I\H
B (¥) B, ()
~ AT
BER ot | T2 w
o, hohg, + hp hy,
~T a2
Osp Orp
000000
0000000000
0OoO0O00Q0
0000000000« , 00, 000p0000000000000000000000
0000000000000 0000000000000000000000000a
Da,000BO0000D0ODO00D0DO0ODONOONODOOOOODODOOOO
0000 Ooooo
y 3
= 5
# . «
=z
=
SRRRRLLLLLELL] IS ?{
& )
8 “
- see (=]
v S &, =
b ;gfg ! raT
SEEERRERNENEE W
- il S N
S g | ®| B
I A =ik oo I
R A 3 g o 0w
Plonod - 3
RN S ATTH
. x LA = —
giid S IS
% u, N - :. ?T
> 2 —
B G |
& 2

10

20



JP 2012-16005 A 2012.1.19

(32)

oggoao

goooano

BB L &LOFM+N B EI AL OEIN
(ren)x | [ @) || ()% h. .Hk..x\,,x .@Vq;%%
e I O L I 1

eronyx || @ || o | K]0 [T
L or+N)x ] L (@) L Ew\. [T e
N T
~ 0 i
oge oze >
Uit = (N)X
I-N*T=u g+ (w-(u)a)o=(u)x A
HIV\ (444
I-N
g SN
=N ! 122

B¥ kAL OB +NE BBk &£LOBN
ey en)y] [ 1)x] K g [T e
en)x- x| (X )X £ s [T eeatia
N w N v bx x| 7 ww“m o efatfa
-~ I L
N SohTn S
m < 0 .ﬁ\ 9 o OoLs
- 0£s owmv
BB L A-LOEINZ
B EE L OB L +N)Z G004 %?@@éd
T
..... o Graocs |Wagaa
poc o] - ] e B T
N\ / Tttt
O /oﬁ ¢ ¢ ‘oo
m om#V




(33) JP 2012-16005 A 2012.1.19

gooooooaoo

7H000

(74000

7H000

HO000

(72000

(72000

100122437

goooooood

100147566

ooooooooo

100161171

gooooooaoo

100161115

gooobooood

goooooooooooon
gugbobuboboooooboboboouuoobboooooooboooooooobooooooon
goooo

gooobooboooooooon
goboboboboooooobbobooooooobooooobobooooooboobooooooon

ODOO0O0(@O) 5K159 EE02



(34) JP 2012-16005 A 2012.1.19

Ooo0ooo0ooon
Title of the Invention

Method for Encoding Data Symbols with Implicitly Embedded Pilot Symbols

in Resource Blocks for Wireless Networks

Field of Invention

This invention relates generally to signal encoding in wireless communication
networks, and more particularly to mapping data symbols selected from a set of
modulation constellations onto data subcarriers with multiple transmitter antennas
over multiple-input and multiple-output (MIMO) orthogonal frequency-division
multiplexing (MIMO-OFDM) networks, and MIMO-OFDM-based relay-assisted

cooperative communication networks.
Background of Invention

In wireless communication networks, orthogonal frequency division multiplexing
(OFDM) and multiple-input and multiple-output (MIMO) transceivers can improve
reliability for frequency-selective fading channels over wider transmission
bandwidths, and also exploit frequency-selective scheduling gains in multi-user

cellular (mobile) networks.

Without requiring additional bandwidth, MIMO techniques provide an enormous
increase in data rates needed to support ever expanding high performance wireless
networks. Furthermore, MIMO techniques with OFDM modulation provide high
data rate capabilities over wider transmission bandwidths with improved reliability
against time-frequency-selective channel fading, multi-user diversity and

interference mitigation in cellular networks.
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To estimate the MIMO-OFDM wireless channel in spatial, temporal and frequency
domains, it is a common practice in the prior art to explicitly transmit known pilot
symbols along with the unknown transmitted data symbols, which need to be

detected by the receiver.

Citation List
Patent Literature 1: U.S, Patent 6,185,258

However, separate transmission of the pilot symbols wastes power, time and
bandwidth (frequency) that could otherwise be used to increase the data rate. More
importantly, a fixed number of the pilot symbols might not be sufficient to estimate
a rapidly varying channel. It is also inefficient to estimate a channel that does not

vary appreciably with a fixed number of pilot symbols.

In existing networks designed according to the IEEE 802.11n, IEEE 802.16e and
3GPP LTE standards, for example, which are based on MIMO and OFDM
technologies, known pilot symbols and unknown modulated data symbols span
distinct and predetermined time-frequency resource units. That is, the pilot symbols
and the data symbols do not overlap. Because many different configurations are
possible in placing pilot symbols and data symbols in a time-frequency resource
block (RB), in a non-overlapping fashion, the consequence is that design and

implementation of conventional RBs are less flexible.

As examples, in conventional networks, the RB design for MIMO-OFDM networks
with spatial-multiplexing (SMUX)) is different from the RB design for MIMO-

OFDM networks with space-frequency or space-time coding, such as Alamouti
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coding, see U.S. Patent 6,185,258 (Patent Literature 1), Alamouti,et al., February 6,

2001, “Transmitter diversity technique for wireless communications.”

In a similar manner, the conventional RB designs are extremely inflexible for some
networks, such as multi-user MIMO-OFDM networks, MIMO-OFDM networks
with multiple base-stations in cooperation (also referred to as coordinated multi-
point transmission, CoMP), and cooperative communication networks that utilize

multiple relay stations to increase reliability and enhance coverage.
Summary of the Invention

The embodiments of the invention provide a method of encoding resource blocks

for networks based on MIMO and OFDM techniques.

The method implicitly embeds pilot symbols in data symbols in embedded resource
blocks (ERBs). The implicit pilot symbols are embedded in the unknown

modulated data symbols using a mapping function,
Effect of the Invention

As a result, there is no need to allocate valuable resources, such as transmission
time and bandwidth, to explicitly carry known pilot symbols as in the prior art.

This leads to significant savings in time and bandwidth resources, thereby

improving the overall network spectral efficiency.

Because all of the data symbols in our ERB design contain a portion of the implicit

pilot symbols, the invention improves channel estimation accuracy, and thereby
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improves reliability and performance over channels with high variability and

efficient resource utilization over channels with little variability.

The mapping function that we use to implicitly embed the pilot symbols in our ERB
is based on an average energy of the transmitted data symbols. Although we do not
explicitly transmit any pilot symbols, we can estimate the channel, and then recover

the original data symbols.

Brief Description of the Drawings

Figure 1 is a block diagram of an embedded resource block (ERB) according to

embodiments of the invention;

Figure 2A is a block diagram of encoding an ERB for a single data stream in a

transmitter according to embodiments of the invention;

Figure 2B is a block diagram of a mapping function according to embodiments of

the invention.

Figure 3 is a block diagram of encoding an ERB for spatial multiplexing according

to embodiments of the invention;

Figure 4 is a block diagram of encoding an ERB for two transmitter antennas with

Alamouti coding stream according to embodiments of the invention; and

Figure 5 is a block diagram of encoding an ERB for four transmitter antennas with

stacked-Alamouti coding according to embodiments of the invention.
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Detailed Description of the Preferred Embodiments

We describe our ERB designs for the following scenarios:
ERBs for a single data stream;
ERBs for spatial multiplexing;
ERBs for two transmitter antennas with Alamouti coding;
ERBs for four transmitter antennas with stacked-Alamouti coding; and

ERBs designs for relay-assisted cooperative communication networks.

Figure 1 shows an embedded resource block (ERB) 100 according to embodiments
of our invention. In a two-dimensional time-frequency plane, the ERB is described
by time-frequency resource units spanned by N consecutive data symbols over N
consecutive frequency (or sub-carrier or sub-channel) tones. Each symbol is
selected from a set of modulation constellations and represents data to be
transmitted. It is noted that different symbols can be selected from different
constellations. Thus, effectively, the symbols can be selected from a set of one or

more of modulation constellations.

In wireless communications with orthogonal frequency-division multiplexing
(OFDM) modulation, the channel coherence time is defined as the number of
consecutive OFDM symbols during which the channel remains constant. The
channel coherence bandwidth is defined as the number of consecutive subcarriers

over which the channel remains constant,

The channel coherence (¢) in the time-domain (7), in terms of the number of

OFDM symbols, is approximately given by
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N, =round L 0
’ faTs V167

where the function round(x) determines a nearest integer to x, f d is the

Doppler spread and Ts is the OFDM symbol duration.

In a similar manner, the channel coherence in the frequency-domain (F), in terms of

the number of subcarriers, is approximately given by

1
SORMSA £

N. F =round

where Ogpsq is the root-mean-square (RMS) channel delay-spread and A f is the

sub-carrier spacing. When N7 is selected to be less than the channel coherence

time IV, ¢, T and N, F 1s selected to be less than the channel coherence bandwidth N, p,
the wireless channel is approximated to remain constant over the resource block

100 of size N 7-by-N resource units.

Modulation constellations used in MIMO-OFDM based networks designed
according to the IEEE 802.16¢, IEEE 802.11n and 3GPP LTE standards include
quadrature phase shift keying (QPSK), 16-quadrature amplitude modulation
(QAM), 64-QAM, M-ary phase shift keying, and M-ary two-dimensional

modulations.

We can select any of these.
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Embedded Resource Blocks for Single Data Stream

As shown in Figure 2A, a set of data symbols 210 of length N-1 is provided to a

transmitter 200 with a set of one or more antennas 201. The symbols are selected
from a set of modulation consteliations and represent data to be transmitted, The
data symbols are denoted by D(1), D(2),..., D(N-1). Each of D(i), i=1,..., N-1, is
selected from the set of constellations. The data symbols are mapped 220 over

N = N7 x N[ resources of the resource block 100 as mapped data symbols X(1),

X(2),..., X(N-1) 230 to be transmitted over a channel. A sample-mean mapped
symbol X(N), described below, is also transmitted.

Step 1: Providing as input the N-1 data symbols D(1), D(2),..., D(N-1) 210,
wherein the data symbols are selected from a set of (one or more) modulation

constellations and represent data to be transmitted. Providing first, second and third
constants, that is a set of positive constantscry, ¢to and S 211. The constants are

dependent on corresponding first, second and third functions of the energy.
Example functions, such as the mean, average and peak energies are described

below.
A sample means m of the set of data symbols is determined.

Step 2: Perform the mapping 220 to the ERB 100 according to

m = —— ED(k)

X ()= ar(D(n)-m)+
X(N)=am

1L,...,N -1

=
I
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Step 3: Transmitting 240 the mapped data symbols X(1), X(2),..., X(N-1) and the

sample-mean mapped symbol X(V) 230 as a resource block over the channel using
resource units spanned by N7 consecutive symbols over N consecutive frequency

tfones.

In the above mapping function 230, m is a sample-mean of the N-1 data symbols

D(1), D(2),..., D(N-1), n is an index onto the available time-frequency resource

units for transmission, and £ is a dummy variable.

If E¢ is an average energy of each of the N-1 transmitted mapped data symbols,

then the constants ¢y, a9 and § 211 are respectively selected according to the

following functions as

RS
]
|

R
2
I
Uy
e
%!

=
Il
Itr;
n

Thus, we can ensure that each of the data symbols X(1), X(2),..., X(N-1) 230 is

transmitted , for example, with an average energy of Eg.

As shown in Figure 2B, the mapping function 220 of our method can be described

as follows:
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(step 221) we determine the sample-mean m of the set of N-1 data

symbols;
(step 222) each of the N-1 data symbols is shifted by the sample mean m,
and N-1 scaled data symbols are formed by multiplying the shifted data

symbols in the second step by the first constant 1, and then offsetting

by the second constant 5 ; and

(step 223) the sample-mean is multiplied by the third constant 5 to

obtain a sample-mean mapped symbol. The mapped data symbols and the
sample-mean mapped symbol can then be transmitted over the time-

frequency resource units X(1), X(2),..., X(N).

Although we do not explicitly transmit any pilot symbols with our method, each of

the N-1 scaled symbols implicitly includes a pilot symbol to enable us to estimate
the channel. The sample-mean symbol ¢pm enables us to recover the original N-1

data symbols. We make these operations clear in our description of channel

estimation and data detection at the receiver as described below.

The mapped symbols X(1), X(2),..., X(N-1) and the sample-mean mapped symbol

at the output of the ERB mapping unit, are transmitted 240 over the resource block

100 using N sub-carrier tones and N7 OFDM symbols.

We do not explicitly transmit known pilot symbols within the ERB as in the prior
art. Instead the pilot symbols are implicitly encoded in each data symbol in the

resource block. As a result, the spectral efficiency achieved by this ERB mapping
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rule is very high. Because we use N resource units to transmit N-1 data symbols,

the spectral efficiency of the resource block is (N-1)/N.

For example, when N7 = 3 OFDM symbols and Ng = 6 frequency tones, we have

N = N1 *Ng = 3%6 = 18 resource units, and the spectral efficiency is 17/18

=94.5 %. With Ny = 1, our ERB mapping rule is applicable for sub-carriers within a
single OFDM symbol, whereas when Np =1, our ERB mapping rule is applicable

for OFDM symbols on a given sub-carrier tone. More importantly, when Ny =1,

our ERB mapping rule is also applicable for non-OFDM networks (such as single-

carrier modulation networks).

Channel Estimation and Data Demodulation for ERB with Single Data Stream

For a single data stream and M R receiver-antenna OFDM network utilizing the

above described mapping, we now describe a method to estimate the channel and

recover the original symbols D(1), D(2),..., D(¥-1). Our ERB mapping rule enables
channel estimation without transmitting any pilot symbols. That is, the channel

is estimated from the implicit pilot tones.

The received signal on the n® time-frequency resource unit with N 7 OFDM
symbols and N g sub-carriers per OFDM symbol is given by
Y(n)=H X (n)+Z(n),

where [ =1,....Mg,and n =1,..., Ny Nf.
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Upon stacking the elements] (n), [ =1,...,M p, into one vector

Y()=[1(e) -~ ¥ar, ()

and similarly

Y(n)=hX(n)+ Z(n) )
where
Z(n)=21(n) - Zpg ()]

is the vector-valued noise-plus-interference vector,

From Equation (1), making use of an inverse of our mapping rule, an estimate of

the channel ﬁ can be obtained as

R 1 N -1
h= BN -1) ;E1Y(n)
1 N-
- i i) e (Dlr)-m) g} o)
1 N~ 1 N-1 .
b nglial(o(n%m)wh S S0
1 N -1
=h+ Z(n)
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Each of the first mapped N-1 symbols X(1),..., X(N-1) according to our ERB
mapping rule is a sample-mean-shifted version of that data symbols D(1), D(2),...,

D(N-1) scaled by the first constant & and offset by the second constant /3.

Because of this property, the sample-mean m of the first N-1 received symbols,

transmitted as the sample-mean mapped symbol, i.e., an embedded pilot symbol,

enables us fo estimate the channel. Note that the effective noise random variable
N-1

Y Z(n) is scaled by S (N - 1). That is, by increasing either the second constant
n=1
[, or the number of data symbols N-1, or both, we can reduce the variance of this

noise, thereby improving the accuracy of the channel estimate h.

Using the above channel estimate, the symbols D(1), D(2),..., D(N-1) can be

estimated as

A 1 (h7Y 1 h¥Y(N
D(H)W(T,(f@)mﬁ]+ Yv)
o, { h"h a, h"h

where n =1,...,N —1, and “*” indicates an estimate.

It should be noted that the above estimates D(H) are also referred to as “soft”
estimates of the modulation symbols D(r). The above estimates are valid for

arbitrary constellations to which the data symbols D(n) belongs. Using well-known
techniques available in the prior art, it is easy to generate log-likelihood ratio (I.LR)

information for each bit encoded in the modulation symbols D(#), and a hard-

decision demodulation version of the estimates [ (ﬂ) .
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We also note that the above described ERB mapping rule is devised when all the N
modulation symbols at the output of the ERB transmit at the same level of average
energy per symbol. It is also possible to modify the previous ERB mapping rule, in
a non-trivial fashion, to allow for unequal average transmission energy per symbol.

We describe these modifications below.

The average energy at which the symbol X(n) is transmitted is E S (n) Then, upon

defining the following 2N-1 constants

L...,N-1

Q
(WY
—_

o
—

Il

(1
!

&~

=

Il

=
=~
~—
|
=~
I
S
|
[—

VWV -1)Eg (V)

we perform the mapping from D(1), D(2),..., D(N-1} to X(1), X(2),..., X(N) as

i

R
)
I

/""\
\....../
I

/‘""-\
\._../
I
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Note that the only difference between this ERB mapping rule and the previously

described ERB mapping rule is that instead of having the three constants ¢y, an
and 8 , we now have a set of 2N-1 first constants {0!1 (1),- s 0y (N - 1)}, a9 and a
set of second constants {ﬁ (1), s BN - 1)}’ Using the previous received signal

model, described in equation (1), the channel is estimated as

G Yl) Qhie(n)Dr)-m)
h == a1(n) =l az(n)
) S Al)

A afn

+ Bln)}+ Z{n)]

T

Using the above estimated channel, the symbols D(1), D(2),..., D(N-1) can be

estimated as

. 1 (h7Y 1 hY(N
D(n)=a (n) ﬁngn)_ " +a ﬁH(ﬁ ),
1 2

wheren=1,...,N -1.
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Embedded Resource Blocks for Spatial Multiplexing

The ERB mapping rule for the single-stream SIMO-OFDM networks can be
extended to a transmitter with multiple transmitter antennas and multiple data

streams.

We describe an encoding rule for a MIMO-OFDM network with K transmitter
antennas. The number of streams can be smaller than the number of transmitter
antennas. For simplicity, we assume that the number of streams is equal to the

number of transmitter antennas.

The desired number of symbols for MIMO-OFDM mapping is partitioned into K
streams, each stream with N symbols. We employ N7 OFDM symbols and N g
sub-carriers per OFDM symbol such that the number of channel uses is Nr*Ny =
N+K. The symbol on n" time-frequency resource (or channel use ») on transmitter

antenna k is denoted by Dy(n).

Figure 3 shows the ERB mapping rule for MIMO-OFDM with spatial-multiplexing.

Step 1: As before, a set of data symbols is provided as input. The number
of symbols N is selected such that N is divisible by the number of
streams, K. The N*K symbols are rearranged as D4(1), D1(2),...,

Dy(N),..., D(1), D(2)...., Dx(N) 310. Here, Dy(1), Dy(2),...,
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Dk(N) are the symbols corresponding to transmitter antenna k. The
mapping unit 320 is also provided with the positive constants ¢, a1,

B , as well as a fourth constant J . The fourth constant depends on a

fourth function of the energy.

As an example, the constants ¢, ¢y, # andd can be selected as follows, With

E g denoting the average energy per transmitted symbol per transmitter antenna, by

selecting

N-K
ar =.|[—=\E
2= (5 s

EqK
p= N
5EM

K

we can ensure that each of N+K modulation symbols on each of the K transmitter

antennas are transmitted with an average energy of Eg.

Step 2:
Forl=1tw K
Fort=1tw K
K ;
tl =7 EDr(J)
N =(1 1)54«1
T=EVk
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End
Forn = (I-1)(N/K)+1 to I(N/K)
Fort=11w K
Ifr ==
X, (n) = oq(D,(n)-m, 1 )+ B,
Else
Xy (”) = O‘Z(Dt (”)"‘“ Myl }>
End
End
End
Fort=1t0K
Xt(N”)mémr,l
End

End

Step 3: At channel use n, n=1,.., N+K, transmit 330 X 1 (n) from
transmitter antenna 1, X ) (n) from fransmitter antenna 2, and so on

Xk (n) from transmitter antenna K

Note that the total number of time-frequency resource units on which the ERB
mapped symbols are transmitted is equal to K + N = N7 N . That is, the

spectral efficiency of the ERB mapping rule is KN/(K+N), and the per-stream
efficiency is N/(N+K). For example, when Ny = 3 OFDM symbols and Ny = 6

frequency tones, we have N = Ny *Np =3%*6 = 18 resource units.
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With K=2 streams, the spectral efficiency is 2¥16/18 =1.7778, whereas the per-
stream efficiency is 16/18 = 88.9 %. With Ny = 1, our SMUX ERB mapping rule is
applicable for sub-carriers within a single OFDM symbol, whereas when Ny =1, our

SMUX ERB mapping rule is applicable for OFDM symbols on a given sub-carrier

tone.

Channel Estimation and Data Demodulation for ERB with Spatial
Multiplexing

We describe channel estimation and data demodulation with the above mapping
rule for K transmitter antennas. We select the parameters Ny, Ny and K such that the
channel remains constant over Ny * Ny = N + K channel uses. With this, the vector-

valued received signal is given as follows

Y(n)= IihtXt(n)+w(n) n=1..,.N+K.

An estimate of the channel from each transmit antenna to the received antenna array

is
N N
‘K K K
. K
h, =— SY@m)=h,+— Swin).
Np Np N
n=(t-1=+1 nm(tml)—k—-i—l

In the above,t = 1 to K.

We define an M g — by — K matrix G such that
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Then, the data detection proceeds in two steps. In the first step, we detect the
intermediate variables 111 1, Mg Mgk, as

m,] [60 0 - 0]
7 0 6" - 0 oy 1

mz =. . . . (G”G+021K) G'Y(N+n) n=12...K

o

e, 10 -« 0 &§°

Using the above estimates of 172y,1, Mg 1. Mg g, the symbols prior to the
mapping, D(1), Dy(2),..., Di(N),..., Dx(1), Di(2),..., Dx{N), can be detected as

Forl=1t0 K
Forn = (I-1)(N/K)+1 to I(N/K)
Fort=1to K

Estimate the mapped symbol on transmit antenna ¢

X,(n)= [(GHG + 6%k Tlcﬂy(n) ]t.

Ift == ﬁ[(n)=$~(i,(n)~ﬁ)+rﬁf,,
Else
B, (n) = ¢ )+mr,z
12%)

End
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End
End
End

Embedded Resource Blocks for Alamouti Transmission

Alamouti block coding is a widely used transmitter diversity techniques for data
transmission with two transmitter antennas. In the conventional Alamouti coding,
without our ERB mapping rule, two modulations symbols S; and S, at two
consecutive channel uses are transmitted from the two transmitter antennas as

follows.

During the first channel use, transmitter antenna 1 sends S; and antenna 2 transmits

¥
S,. During the second channel use, antenna 1 transmits — .S s and transmitter

*
antenna 2 transmits §1 , where * denotes the complex conjugate. The two symbols

over the two channel uses with two transmitter antennas are expressed in the matrix

form as

S-S5
Sy S

In the above matrix, the columns represent the channel uses, and the rows represent
the transmitter antennas. If the channel use is in frequency domain, for example two
consecutive sub-carrier tones of an OFDM symbol, then the above Alamouti coding
is referred to as space-frequency block code (SFBC). If the channel use is in time

domain, for example a given frequency tone across two consecutive OFDM
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symbols, then the above Alamouti coding is referred to as space-time block code
(STBCQ).

The above matrix is orthogonal. As a result, if the channel does not change
appreciably over the two channel uses, then the receiver extracts full-diversity with

a simple linear receiver such as maximal ratio combining (MRC) receiver,

The conventional Alamouti coding requires explicit transmission of known pilot
symbols from the transmitter so that the receiver can estimate the MIMO channel

prior to data detection.

As shown in Figure 4, we provide an ERB mapping rule for an OFDM network
with two transmitter antennas and M p receiver antennas with Alamouti encoding

and implicit pilot symbols. Our mapping rule is equally applicable to both STBC
and SFBC versions of the Alamouti coding. The mapping rule takes 2N symbols to

transmit over N7 * N = 2N + 2 channel uses. A conceptual diagram of the

mapping unit is shown in Figure 4.

Step 1: The 2N symbols Dy(1), D4(2),..., D1(N) 410 are inputted to the
first transmitter antenna, whereas Dx(1), D+(2),..., D2(N) are inputted to

the second transmitter antenna. The mapping unit 420 is provided with

our four constants &y, &2, B,and §.

As an example, the constants aq, &y, andd can be selected as follows. With

E ¢ denoting the average energy per transmitted symbol per each of the two

transmitter antennas, by selecting
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oq = E S ——“--'N 1
o =+ kg
B = Es ,
N
5 =\[EqN
we can ensure that each modulation symbol on each of the two transmitter antennas
is transmitted with an average energy of E S.

Step 2: The mapping unit performs the following operations

m = i
my = —}]"k%;l)z (k)
X1(n)=eq(Dyn)-m) n=1,.. N
X1(N +1)=dmy
X5(n)=as(Daln)-my)+ B n=1,..,N
X5 (N +1) = dm,

to obtain the sequence X;(1), Xi(2),... . Xi(N+1) and X5(1), Xo(2),.... X2(N+1)
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Step 3: At channel use 2k-1, k=1,..,N+1, the transmitter transmits 430
X (k) from transmitter antenna 1 whereas X ) (k) from transmitter

antenna 2. At channel use 2k, k=1,..,N+1, the transmitter transmits

% #
-X z(k) from transmitter antenna 1 whereas Xy (k) from transmitter

antenna 2

Channel Estimation and Data Demodulation for ERB with SFBC/STBC
Coding

Note that the total number of time-frequency resource units on which the ERB
mapped symbols are transmitted with Alamouti coding is equal to

2N +2 = Ny N . That is, the spectral efficiency of our ERB mapping rule is
2N/(2N+2)=N/(N+1) and the per-stream efficiency is also equal to N/(N+1).

For example, when N = 3 OFDM symbols and Nr = 6 frequency tones, we have
2N+2 = Ny *Np =3%6 = 18 resource units. With this, the spectral efficiency is
2*8/18 =88.9%, which is also equal to the per-stream efficiency. With Ny = 1, our
ERB mapping rule is applicable for SFBC transmission within a single OFDM
symbol, whereas when Ny =1, our ERB mapping rule is applicable for STBC

transmission on a given sub-carrier tone.

We now describe a way to channel estimation and data demodulation with the

above described mapping rule with two transmitter antennas. Assuming that the

channel remains constant over N, N, =2N + 2channel uses, the vector-valued

received signal is given as follows
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!

2n-1)=h1X1(n)+hy X5 (n)+w(2n-1) n=1...,N

(
Y(2n)= mthz( )+h2X1*(n)+ w(2n) n=1..,N
Y(2N +1) = hydmy +hydmy + w(2N +1)

(

Y(2N +2) = =hyém; + hydm; +w(2N +2)

In the above, hyand hyare the M p — by —1channel gains from the first and the
second transmit antennas to each of the M R receiver antennas. All the other bold-

faced variables in the above equations are also vectors of length M p — by —1.

Upon exploiting our mapping rule described above, estimates of the channels h,and

h, can be obtained as

A 1 N 1 N
hi=——YY(2n)=hy -— WZI’L)’ d
1 Nﬁn=l ( ) 1 Nﬁn% ( an

B"
II

N 1 N
2n-1)=hy +— Sw(2n-1)
2 Y(2n 2 Nﬁnél

Estimates of intermediate variables m, and m-, can be obtained as

. 1{hffYN +1)+RDY (2N +2)
m=— TN TN , and

S ATk +hdh,

L1 b Y(2N +1)-h] Y (2N +2)
? AR, + 0 R, |
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Using the above estimates of m; and m,, we can detect the original symbols Dy(1),

D1(2),..., Di(N) and Dy(1), Dx(2),..., Do(N) as follows:

\ .1 (B'Y(2n-1)+R]Y (20)

Dy(n) =1y +— 2 n=1..,N,and
ol bhy +hfTh,
AH ,\T E3
\ 1 {h5Y(2r-1)-h{ Y (2n)
Da(n)=riy + —| 21 _B| n=1..,N.
an hl h1+h2h2

Embedded Resource Blocks for Stacked Alamouti Transmission

Similar to the ERB mapping rule described for OFDM networks with two
transmitter antennas and Alamouti encoding, we provide the mapping rule for

OFDM networks with four transmitter antennas and stacked-Alamouti coding.

First, we briefly describe the conventional stacked-Alamouti coding without ERB.
With four symbols, S, S5, 53 and Sy, to be transmitted in two channel uses, the

conventional stacked-Alamouti coding operation without ERB is described as

follows.

For the first channel use, transmit S; from transmitter antenna 1, .S, from transmitter

antenna 2, .53 from transmitter antenna 3, and S, from transmitter antenna 4. For the

£ *®
second channel use, transmit — .S from transmitter antenna 1, S from transmitter

* Ed
antenna 2, — S4 from transmitter antenna 3, and S3 from transmitter antenna 4.
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Note that the above procedure can also be described in a matrix form as

S1 -8
S3 S
S3 -84
Sy S3

It is important to point-out that the first 2-by-2 sub-matrix

T -
S2 8§

is orthogonal. As a result, its entries S; and S, can be detected with a linear receiver

to provide maximum possible diversity gain.

In a similar manner, the second 2-by-2 sub-matrix

*
S3 -84

SZ = *
S4 83

is also orthogonal, and its entries S3 and S4 can also be detected with a linear
receiver to provide maximum possible diversity gain. However, notice that the first
sub-matrix S, and the second sub-matrix S, are not orthogonal to each other. As a
result, we employ some form of interference cancellation (or mitigation) procedure
to minimize the interference caused by the sub-matrix §; upon the sub-matrix S,

and vice versa,

If the channel use is in frequency domain, for example two consecutive sub-carrier
tones of an OFDM symbol, then the above stacked-Alamouti coding is referred to

as stacked-SFBC. If the channel use is in time domain (for example, a given
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frequency tone across two consecutive OFDM symbols) then the above Alamouti
coding is referred to as stacked-STBC. It is important to point out that the above
described stacked-SFBC and stacked-STBC coding require transmission of known
pilot symbols from the transmitter so that the receiver can estimate the MIMO

channel prior to data detection.

As shown in Figure 5, we provide an ERB mapping rule for an OFDM network
with four transmitter antennas and M p receiver antennas with stacked-
STBC/SFBC encoding. The mapping rule takes 4N symbols to transmit over
NprNEp =2N + 4 channel uses.

Step 1: The number of symbols 510, N, is selected such that N is
divisible by 2. The 4N symbols are rearranged in such a way that Dy(1),
D1(2),..., Dy(N) are inputted to the first transmitter antenna, D»(1),
Dy(2),..., Dy(N) are inputted to the second transmitter antenna, D3(1),
Ds(2),..., D3(N) are inputted to the third transmitter antenna, and Dy(1),
Dy(2),..., D4«(N) are inputted to the fourth transmitter antenna.

The ERB mapping unit 520 is provided with positive constants &y, a5, f,and
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As an example, the constants ¢y, ¢&t7, 8 andd can be selected as follows. With
E g denoting the average energy per transmitted symbol per each of the two

transmitter antennas, by selecting

Otl = "/ES

o e T

2 E g :
po= N
s _ [EsN
2

we can ensure that each modulation symbol on each of the two transmitter antennas

with stacked STBC/SFBC scheme is transmitted with an average energy of Eg.

Step 2: Forl=11t02

Fort=1to 4
2 l%
t1== YD (7)
N N
]z(l"“l)z'l"l

End
For n = (I-1)(N/2)+1 to I(N/2)
Ifl ==1
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Else

End
End

Forl=1102

X, (N +201-1)=6m,,
X,(N +20-1)=6m,,
X, (N +20-1)=0m,,
X (N +20-1)=06m,,

End

End

Step 3: At channel use 2r-1,n=1,2, ..., N+2, transmit 530 X4 (n) from
transmitter antenna 1, X 2(n) from transmitter antenna 2, X 3 (n) from

transmitter antenna 3, and X 4 (n) from transmitter antenna 4. At

channel use 21, n=1,2, ..., N+2, transmit — X 2 (T’l) from transmitter
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* &
antenna 1, X 1 (n) from transmitter antenna 2, — X 4 (n) from

transmitter antenna 3, and X 3 (ﬂ) from transmitter antenna 4.

Channel Estimation and Data Demodulation for ERB with Stacked-
STBC/SFBC

The total number of time-frequency resource units on which the ERB mapped
symbols are transmitted with stacked-STBC/SFBC is equal to 2N +4 = Ny Ny,

That is, the spectral efficiency of the ERB mapping rule is 4N/(2N+4)=2N/(N+2)
and the per-stream efficiency is equal to N/(N+2).

For example, when Ny = 3 OFDM symbols and Ny = 6 frequency tones, we have
2N+4 = Ny *Np =3%6 = 18 resource units. With this, the spectral efficiency is
4*7/18 =1.56, and the per-stream efficiency is equal to 7/9 =77.8%. With N;=1,
our ERB mapping rule is applicable for stacked-SFBC transmission within a single
OFDM symbol, whereas when Ny =1, our ERB mapping rule is applicable for

stacked-STBC transmission on a given sub-carrier tone.

We now describe channel estimation and data demodulation with the above
described ERB mapping rule for stacked-STBC/SFBC coding with four transmitter

antennas,

Assuming that the channel remains constant over N7 N = 2N + 4 channel uses,

the vector valued received signal is given as follows
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Y(22-1) =hy Xy (n) +hoXoln) + e X(n) + hy Xy () + W20 1) n=1..,N+2
Y(20) =X () + o X (n) ~bo X, (n) +hy X () + W(20)  n=1.. N+2

In the above, hy,hy,h3and hare the M g — by — 1channel gains from the first,
second, third and fourth transmit antennas to each of the M, receiver antennas,
respectively. All the other bold-faced variables in the above equations are also

vectors of length M p —by —1.

Upon exploiting our ERB mapping rule described at the beginning of this section,

estimates of the channelshy,h>,h3and h4can be obtained as

l N
. 2 2 2 2
hy =— SY(2n-1)=hy +— Sw(2n-1)
NB 21 NB 21
N N
,\ 2 2 2 2
hy == 3Y(2n)=hy +— S w(2n)
Nﬁnzl N, nzl
N N
N 7 2 7 2
hy = SY(N+21-1)=h3+— Sw(¥N +2n-1)
) N 2,
N N
. 2 2 2 2
hy=—-SY(N+2n)=hy+— Sw(N +2n)
=g 2 N5 2

Using the above channel estimates, we define a matrix G such that
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G = l,\11 l’i2 l,‘13 ﬁ4
iy By By B3

Note that the size of Gis 2M p ~by — 4.

The actual data detection then proceeds in two steps. In the first step, we detect the
intermediate variables M1y 1, My 1, M3 1, My, My Moo, M3, and My o as

-1

m,] [68 0 0 0
. 0 6 0 0 o &
Mo _ g N (ccMvs A el

m, 0 0 6' 0
m,, 0 0 0 ¢!

Y(2N +2n-1)

¥ (2N 2n) ] "=l

Using the above, the symbols prior to the mapping, D((1), D1(2),..., Di(N),...,
Dy(1), Dy(2),..., DsN), can be detected according to the following procedure:

Forl=1t02
Forn = (I-1)(N/2)+1 to I(N/2)

Estimate the mapped symbol vector at channel use n

X,(n)

)22( ) (GHG_'_OA_zI )"1GH Y(anl)]
X,(n) 4 [ Y'(2n)
X.(n)

Hl==1
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aq
. X
Da(o) =22 iy
A (n)mX3(n)+ﬁ‘:3J
ay
Dyln) = éin)+m4,z
Else
b)),
2
ﬁz(n) X;(n)'i";zz,z
2
. 1 {4 X
B,(n) = =(%,(n)- )+,
a,
. X X
D4(”) ;(n)"' 4
2
End

End
End

Embedded Resource Blocks for Relay-Assisted Communication
Our ERB can also be applied to a network including a base-station, a set of mobile-

stations and one or more relay stations. The relay stations can be fixed or mobile,

and is intended to improve the reliability of information transmission between the
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base-station and the mobile-stations and to increase the transmission range (or
coverage). For simplicity, we denote the mobile-station as source, the base-station
as destination and the relay-station as relay. We can as well denote the base-station

as source and the mobile-station as destination.

Similar to the ERB mapping for the single-stream network, a set of N-1 symbols at
the source, D(1), D(2),...,D{N-1), are inputted to the ERP mapping unit to produce
X(1), X(2),...,.X(N) as follows:

Step 1: Input D(1), D(2),...,D(N-1), and input the constants oy, o7,
and 3 .

As an example, the constants ¢r1, o and § can be selected as follows. With

E g denoting the average energy per each of the N transmitted symbols, by selecting

a1 = Es
Eg
"N -1
we can ensure that each of the mapped symbols X(1) X(2),....X(N) can be

transmitted with an average energy of Eg.

Step 2: Perform the mapping
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Channel Estimation and Data Demodulation for ERB with Relay-Assisted

Communication

The ERB mapping rule for relay-assisted communication is applicable for various
types of relay functionalities. As an example, the relay can perform amplify-and-
forward by employing either a fixed gain or a variable gain amplification factor.

With Nr=1, our ERB mapping rule is applicable for source, relay and destination
transmissions within a single OFDM symbol, whereas when NV F=1, our ERB

mapping rule is applicable for source, relay and destination transmissions on a

given sub-carrier tone.

We now describe methods of channel estimation, noise-variance estimation, and
data detection at the relay and the destination for an example relay network in

which the relay performs amplify-and-forward signal processing.

The low-pass baseband received signal at the destination from the source is given
by

YSD(H) = hSDX(”)“*‘ WSD(”) n= 1,2,. ..,N,
where h gpis the vector-valued channel gain that is of size M, -by ~1. The

variables Ygp (n) and W gp) (n)are also of size M p — by —1. We also assume

that each element of noise W ¢p (n) has a variance of U§D :

In a similar manner, the signal at the relay from the source is given by

YSR(n)m hSRX(n)+WSR(n) n m1,2,....‘,1\/_



(69) JP 2012-16005 A 2012.1.19

where h gg is the vector-valued channel gain that is of size M p —by —1. The

variables Y ¢p (n) and w SR (n,)are also of size M p — by —1. We also assume

. . 2
that each element of noise W gg (n) has a variance of o SR

An estimate of h ¢ at the destination is given by

hgp =S Yspln)=hgp + S wepln)
e m e — .
SD = (5 -1) n§1 sp\t)=hsp + oy né}WSD”

In a similar manner, an estimate of h gp at the destination is given by

hsp= L S Yeplr) =hsg+ L Sl
SRWW,M SR\n) = SR“‘“W”%WSR” .

Using the channel estimate b SR an estimate of the source signal X(#n), n=1,...,

N, at the relay is given by

hiy
Xgp(n)=G p SR sr () n=12,...N,

fa ~

hSRhSR

where G 4 is the amplifier gain of the relay.

When the relay transmits its signal to the destination, the received signal at the

destination is given by

YRD(”)“hRDXR(”)+ WRD(H) 7 M1,2,...,N.
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An estimate of h gy at the destination is given by

N- N-1

b= ) S¥erke)=hept o Swerk

N- 1),6 &

Estimates of noise variances at the destination, due to source and the relay, are

A2 1N ﬁJg‘IDYSD(H)IZ 1BRE &
0=\ ¥ 2| vH ~1hgphsp
nﬂil hSDhSD i

D(n)m;};—( A(n)--ﬁ)+m n=L..,N-1
ﬁSDYSD(n)+hRDYRD(”)
A2 "2
where X’(n)* ?I‘;DA - (iRD n=L..,.N-1
hgphsp hzphgp
B ko
W Yo (V) il Yep ()
a2 A2
55
and fﬁme ?EDA - ARD
“2|  hgphsp hiphgp
S
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It is important to point out that the selected values for the constants ay, oo and 8

as described above are only exemplary, and other choices of @y, ao and fis also

possible that allows us to transmit the symbols at the output of the ERB mapping

unit with variable transmission power.

1. A method for encoding data symbols in a transmitter of a wireless network,
comprising the steps of:

providing a set of data symbols to a transmitter to be transmitted, wherein
each data symbols is selected from a set of modulation constellations;

determining a sample-mean of the set of data symbols;

shifting each data symbol by the sample-mean to obtain a shifted data
symbol;

multiplying the shifted data symbol by a first constant to obtain a scaled data
symbol, wherein the first constant depends on a first function of the energy of the
set of data symbols;

adding a second constant to the scaled data symbol to obtain a mapped data
symbol, wherein the second constant depends on a second function of the energy
of the set of data symbols;

multiplying the sample-mean by a third constant to obtain a sample-mean
mapped symbol;

transmitting, over a channel, the set of mapped data symbols and the sample-
mean mapped symbol as a resource block, wherein the steps are performed in the

fransmitter.

2. The method of claim 1, wherein the resource block includes time-frequency

resource units spanned by Ny consecutive mapped data symbol.

3. The method of claim 2, wherein the time-frequency resource units are spanned
by Ny consecutive data symbols over Ny consecutive frequency tones, Ny is greater

than 1, and Nry=1.
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4. The method of claim 2, wherein the time-frequency resource units are spanned
by Ny consecutive data symbols over Ny consecutive frequency tones, Ny equals 1

2

and Ny is greater than 1.

5. The method of claim 2, wherein the time-frequency resource units are spanned
by Ny consecutive data symbols over N consecutive frequency tones, N and Ny

are both greater than 1.

6. The method of claim 1, wherein the modulation constellation is selected from a
group consisting of quadrature phase shift keying, 16-quadrature amplitude
modulation (QAM), and 64-QAM.

7. The method of claim 2, wherein the set of data symbols is D(1), D(2),..., D(N-1),

the set of constants is &1, @9 and 8, and the mapping is according to

m-—"S D)

N =145
X(n)=a;(D(r)-m)+p n=1,...,N -1
X(N)=a2m

where X(1), X(2),..., X(N) are the mapped data symbols, m is a sample-mean of the
N-1 data symbols D(1), D(2),..., D(N-1), X(N) is the sample-mean mapped
symbol, , n is an index for the time-frequency resource units for transmission, and

k is a dummy variable.
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8. The method of claim 7, wherein E ¢ is the average energy of each of the N

mapped data symbols X(1), X(2),..., X(V), and the constants @7, ¢ty and f are

respectively selected according to the following functions as
ay =+Eg
an = 1/iN mliES .
kg

N -1

9. The method of claim 7, wherein a spectral efficiency of the resource block is
(N=-1)/N.

10. The method of claim 7, further comprising the steps of:
receiving the mapped data symbols as received symbols;

summing the received symbols as a sum;

scaling the sum by f8 (N - 1).

11. The method of claim &, further comprising the steps of:
partitioning the set of data symbols into K stream; and

transmitting each stream with a different antenna of the transmitter using a

E(N
fourth constant § = :
K
N-1
12. The method of claim 7, wherein an effective noise random variable 2 Z(n} is
n=1

scaled by (N ~1).
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13. The method of claim 10, further comprising the step of:

selecting f to reduce a variance of noise.

14. The method of claim 10, further comprising the step of:
increasing a number of the mapped data symbols to reduce a variance of

noise.

Abstract

A set of data symbols is selected from a set of modulation constellation, and a
sample-mean of the set of data symbols is determined. Each data symbol is first
shifted by the sample-mean to obtain a shifted data symbol, and then the shifted
symbol is multiplied by a first constant to obtain a scaled data symbol. A second
constant is added to the scaled data symbol to obtain a mapped data symbol. The
sample-mean is multiplied by a third constant to obtain a sample-mean mapped

symbol. The set of mapped data symbols and the sample-mean mapped symbol are

then transmitted as a resource block.

Representative Drawing
Figure 2A
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