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Channel coding schems are mandatory to meet the
requirement of the satellite systems integrated with
terrestirial systems. Channel coding schemes have been
developed and specified for bi—directional communication
services, and the focus of the researches has been targeted
in the same direction. On the other hand, we can provide
enhanced multimedia broadcasting and multicating services
(MBMS) if we employ channel coding schemes considering
spatial diversity.

The object of this research is, therefore, to study channel
coding shcmes to provide efficient MBMS for satellite
systems integrated with terrestirial systems. The results of
this research are as follows; first, we present the analysis on
the error performance objectives for satellite systems
considering the characteristics of channel codes and the
related standardization activities; second, we present
performance enhancement techniques to provide MBMS in
satellite systems, extend this to propose suitable channel
coding schemes, and present the related standardization
activities; lastly, we demonstrate various simulation results of
the proposed schemes, and summarize the cons and pros for

each scheme.

e | AAEAL, A Fo, @ FHA, TolHAE

Aolo] | Y& | satellite communications, channel coding,

error correction, diversity




SUMMARY

] Channel coding schemes are mandatory for hybrid/
inetegrated satellite and terrestrial systems to satisfy the
required error performance objectives. For example,
Recommendations I'TU—R S.1062 specifies error performance
objectives for digital satellite communications systems.
Channel coding schemes specified satellite systems were
focused on bidirectional communication services, and the
related studies have been focused on these services.

The performance of hybrid/integrated satellite and
terrestrial systems providing multimedia broadcasting and
multicating service (MBMS) can be improved by adopting
channel coding schemes with spatial diversity capability.
Therefore, the purpose of this study 1s focused on channel
coding scheme for efficient MBMS in hybrid/integrated
satellite and terrestrial systems.

The content of this research include

o Analysis on the trend of cooperative diversity
technique to provide efficient MBMS for next
generation (mobile) satellite systems

o Study on channel coding schemes to maximize
cooperative diversity gains

Cooperaitve diversity technique combined with
space—time coding
Cooperaitve diversity technique combined with turbo

codes



o Performance simulations and study on performance
enhancement technique
Programming of performance simulation software for
hybrid/integrated satellite system
Analysis on the performance simulation results and

study on performance enhancement technque

The results of this research are as follows; first, we
present the analysis on the error performance objectives for
satellite systems considering the characteristics of channel
codes and the related standardization activities; second, we
present performance enhancement techniques to provide
MBMS in satellite systems, extend this to propose suitable
channel coding schemes, and present the related
standardization activities; lastly, we demonstrate various
simulation results of the proposed schemes, and summarize
the cons and pros for each scheme.

In addition, we can expect the following effects from the
results of this research;

o Provison of economic next generation mobile satellite
communication services by enhancing efficiency of
hybrid/integrated satellite and terrestrial systems

o Improvement of service quality by implementation of

the proposed techniques
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A1 A &

TA A7 FANAE FAE A Eok(International Telecommunication
Union — Radiocommunication; ITU-R) o4 144 AFol ojs -+
E S5t Y= AR (Study Group; SG) 4 oAM= A —-XA A

Al 22]lg o] gato] HEImH o] W 2 HEANAE AMH]A (multimedia
broadcasting and multicast service; MBMS) & #| 33 4 3= 7%
EFol gk A4E FFska AT

1ol A7 dEEA, v FEE 3 A4 -AG AIA"E
TZ2 W Aol i A7 FEe FAdste], 2009 d 4 € JhFE
ITU-R WP 4B 3] ¢JollA 5l & 99 7 oAl U= SG 4 3=
A% vk Qv (11, =, vl= 2 Iyt 22 1-3 GHz o] &4 A
Hl A oA &5 e S8 AlAEe g & %, 38 2 A5
Wt PuA e HIAME A ZA]] A A Sl lom, oo o
Bk FAEA Ul E 2009 @ 4 € 29 el sHH
ITU-R WP 4B 3o 7]agt vk 3lvk [2] [3],

o5 Y3ty wlFoME R FAFEA A (ancilliary terrestrial
component) #h= 732l ATC & ©] &3 T&dolA 2 MBMS F4l°
ol s MBI AE At Jlow [4], FHolAM= ATC oF A 74
J9 complementary ground component (CGC)E o]&3slo] YA S
ol&3t a&4<2 MBMS Als& AFstar lrk [6]. fEuetelA=
2007 ¥ 5 4 WS =4 TEFoEHA H44E o] 8T MBMS
Alsol 7hsskAl H AT

3, ¢Euetel A= 2005 N HAEGFAA AR @5
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A 2% A4 ALHAMY /AT 5
A1 JHEANLEY] LFAFER

ITU-R #A S.1062 oAM= A = F5ol AlvHe 4%
A A 2AEL ITU-T A G.826 oA Aasta Q= A7 Ao
A S b el a4
1&ka ok ITU-T HaA 2
HEQ F88 U7 &7 WAEY A

Lol o=l Q= Aol mE AA viAas wefol @ [8].

X 2-1 YA EA A" AA wpA= (design mask)

Bit rate Percentage of total time

(Mbit/s) (worst month) BEP/o.
0.2 1.0x10*
0.064 100 10 10°
0.2 7 x107

15 2.0 3x10°
10.0 5x10°

0.2 7x10°°

2.0 2.0 2x10°
10.0 2x10°

0.2 8x 107

6.0 2.0 1x10°
10.0 1x10°

0.2 4 %107

51.0 2.0 2x107°
10.0 2% 1010

0.2 1x107

155 2.0 1x10°
10.0 1x 1070

-21-



wehA ol gk 9 e MHE F Sl AFAAAE S A
sb7] s aelE L Q= AlAaHlel diste] BEP ¢F aEAlrtal

t} o]7| 4 B E Q735 (bit error probabillity; BEP) 2 H|EQ F3E
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A9 2] @ A 8] A (satellite digital audio radio service; S—DARS) 7}
ATk [13][14]. =3 -2vetel s 2005 A58 AMu]A¥a Qs 914
DMB MB|AE ol2dt & &a o] &3 AMujx Fo shudta &
Aot [15].

2173 A E ol A 9 @EH@ FEE Al Aas Aol AR

[e2

Ao mst] Au ATt FE BAA ALl T AL AH] A
Aol HFsath ubde] &5 AuzelA 1 wFo] A Fristw
= MBMS & 94 Alzso] uj$ gadolty. % 94 Axue] 7
A 2AEo] 7lx 3 Q= FAXMgI EHAOZ O
ARE Falo) Azeie gloid A4 AlAEe] Blake] W = A

< 7HAA = Aol
A 23 A" 2d

7 AR A SA Helel Y, 283 "HEAHAE
Aol 7hs kol we oyt AR|AE At W Al W
o] ®Fth. dHAQ A A MELI=E 24 V= H A=
detAl EFsto]l &2 Ao MBMS & A5 + Stk M
T 5w st Ay Aoy Aed AF WA AT & gl
ek, Aoyt A58 A B ol A
of Ao Folyt AFsh= WAl HAs] &dsty] flaiMs udd
FAZHFEH Ad #+4 A H (channel quality information; CQID) 7} &
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QS ERA A% WA FRE Tolof & Aoy,

£

ll
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2 gehd Zo®, FAAE AN tF W ANt Ag FAVE
Edatel FAAL. 94 AEd oz Y A58 AFE 4L Bt
stol AL SRS EFW A 4 FA FAS] Addnk of

et

code 1

Satellite Gateway Terrestrial

Repeater

STC conversion

(code 1— code N)
I
Fine delay
compensation
I
\ Freg. conversion ‘
L

coarse delay
compensation

- sTC I(code 1) |
‘ Modlulation ‘

% 3-1 94-A% FelA e holwAE Eg AnE vEYa

O-

29" 3-1 & AlA" FAEE o] &3t He HolHAlEE o



= WP E AHELES Ak WA A4 AClEC] M= code 1 & 4
dor AFEH o] o o r M= A= e Tok] &
2 oHkE dgEHe Ase S AAH SAVIE Fe] dEE S
= T/ ABTE FAC AsEn olFA e REd Aee 4
SAZISE dE R AT, SAV A 22 s TAVIAY A
A s Fotel 24 E = code & WEEHO WddE dddn

ol gt & o]gsto] telWAE o5& AV] fsiM= o e

27 AaA 7

)
=
ToT A AAMRE mEsks e AN FAVIRFEH =2t

917d DMB Al Aged = A BAF WS ARsEin. &, SA17100 4

W dnelFe fElvet 94 DMB AlawelAE

3 3]
AgHI glem, #F FEe Fsha o §9° DVB-SH A29
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AL
W
o
1o
oX,
)
=
oy,
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[
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1o
A,
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ok}
o
iz

ZX 35 (space time block coding; STBC)®2l& o g
h=]

Aol Qe FAsHE AFe] oW SAH Aol g ¥EE WA
& Agatol FATAA tolMAE o5 P& F YRS wekd Y
Holth, STBC W& /b WA ebie (Alamout) 7+ F 41kl

= 4

o= Zb QFEHuUeA e AEE Ay AFPsta st Hol-
(maximum likelihood; ML) #3& WS AMEd| H5318 = Q= W
A& Arskadct [18]. olelst STBC WA Ade] 3] F= A
= W HA L "golWAY ol52 de 7 Yo idd 533 FxE



Al « Ny, Ny
* Hﬁl
STBC :g,xz - STBC
X01 Xy $§9_+3|§ 2 =535
X,
*
X %, 3

I3 3-2 2x1 ¢EHFE STBC W2

a9 3-2 & olgsto] dERE WA U V2 ds A
A RS AE AR Skl x B xe 8 Y] A Aol dEd
i ZpgetAh. bR B3 E olgstd, WAl dE it $¢
A FA GEHL Al C25E x, FRA S tEY A2 02
B ox7b A58t 2 v AE 7rtels A $41 kel Al &
EHE -, FRA S QbEY A2 2R xVF ASHEY o71A,
= A 39 dateld o g AF %FAE AtHo R §53
= Totol UERl=E, Sl A 2 g
F71 &9 7 Qv ERH dEHs ARE UEhls PR,

L obee} o] vEd & gtk

X
Xz{ n i}. (3.1)
X X

—

of
¥

.

I\

X
o



[“H N
r _Xz* X1* hz nzy .

(3.2) 9 2= Nt w84

h= I’(t) = hlxi + hzxz +n,
L=rt+T)=-hx, +hx +n,,

714, hy ¢k hy = 7 FAL FEIVEL AL b Abol o] B4 AE 5
e dulskaL, np 8k np = F AE AS A w54 dE Bes
o m gk},

AEE AT x o o 535 flsko] 919 4= vad o] dgsdt
ot

= h1X1+h2X2 +n,
r, =—h X, +h, x +n,.

19 (3.4) A5 FE= x5,
Ad BE H+=,

A9 Ad dE H = Hu ggol7] wEo
FAAM Y] 55 HAHS vad gol 7+

4 =
%0
iy
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n X r
xz{ﬂzHH-{i}HH-N, (3.7)
X2 r-2

7| HT = ofg} Zo] T, BAFA Aay ERATE

(transpose) AAHS # 3 Flo|t},

ojul, A F4o ekHsithiz 7Hstel Hulwx= HETIl o8 B2

d AEe v 2ol 298 ¢ Ak

oloi}, &Al <telurt 3 7 1 o] AFel A

AN
S 47 938 Fos dEY Huds FAGH Fogso] 1 o] Hie
23E 7 otk = bR El9 2x1 STBC #AlS A F35 3}

3 T
&3 A tolHAE ol5= &M FA FEYe] 7F 2 AR Al
Z 7l 3

S E o &F AN AA Y to|HAE

71&9 ZAuEF [19][20] A= STBC & YA A|~H"Ho] A g3}
o TolHAE o532 A5 T Sl ZIEel A=A, 714 AN
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=
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ue} ol
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9] 78 3—1 9 AJAE wdoi] H
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satellite _[x, Xl]—h

(STC encoder)

\  repeater2 1
. _(STC encoder) 1

¥ 3-3 % Y AL qElvelA 278 AV e 914 A

CHOIHAE] o] 5 A8 &l

o tpebitt,

|
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User terminal
(STC decoder)
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A
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ratio combining (MRC) 9] 7}&3}A o} =, 138 3—4 o o]& 3t ¢
A7 e 9leH, o] HlwE flste] I1¥ 3-5 °of ©@<Ed] FU1E
LElUE F3to] A&zt tholHAlE E5glo] FAlss A5 YE

AT,
X.
/ Loy h
_ P/3 2
satellite & z User terminal
~ 2 X
e s ' ] P/3 Jj th MMRC
I repeater1l ! [xl 2 ] o
' =
: z

STC decoder

a9 3-4 F e "*J QtelLtell A 270 FTAI7I 9k 914 A3 FAls 9
Cho] AR o] 5 2§

[XZ, Xl]
P./2 s
satellite
_— == —h—> User terminal
____________ , th/z Re Y (MMRC)
|
repeater 1

O™ 3-5 F e AL qtElvelA 178 AV e 914 Ale Al 2R

A 44 g FAZ] 2 AY ARE o] EE
CHO|HAE]

1. 718
STBC W22 FAldoA A3t H33td 2355 vz <HHYUYE
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A1 ¢y

-
L.

ol A
T 7] witel,

=

7].81—
M FA1 <beEve] A& 7}

[¢)

=

& Fal QrEe] F7F Al A o)
ok [21].

o] thol WA E o

[¢}

=

]
Y

Far #

°

Tarokh
ol B A o] Ho]

-

ko3

<
=

P
T

o]
ks

53571 7bs

=

T

15

kel
S

o QY 7=

Ae ma,

#3)
of o

Sk
H

o] 747}

o
|
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~

Mo

)

o]

Q]

A

| JER
=

o

PN
T

=

S
o 5A ek}

[e)

71

z o
1=

o]

Al
t}. o]o] Jafarkhani

=

U o =2 oW AIE o

H 3 (orthogonal code)

ol

]
4

-
M

gl

Mo

H

T R, A

Sk
=

toz Ae

|5+ zero forcing (ZF)
_41_

9

A
H

N

I¢]

=

Folet [22][23].
(o]

AAR eleof 2k

(quasi—orthogonal space time block coding; QO—-STBC)
[e)

Al oF

j

2]

el
°]



T8y, o] ZF WAl Ay Hgo HlE 53w & ¥ oy,
A2 A G373 (noise enhancing) & 7FA A BogM AS A=
7EA A vt

wehA o2 gk ol A<etete, 143 F N ME vE TAYI

247k A2 o 3 Y FAdHLR 1FSD, ool g A &
&2el STBC W40 diste] A7staiet. WA ~9E8 a6g Ho)
51517] )ste] QO-STBC W& AHgsta, o 459 Fuiss 9

Ng Al

=
alo] 7] QO-STBC WAl& B4 & Qe A= W
ATt [24]. AGESE B V)ES] FHL
7z

4
go prel AwAel o8 wyss

2. 30 % 4709 A% GElo] tha AlB B2 B3 34

obel 2 (314 QY= HEE BPL 4 A FA el g
g 5 Q=S Ak Zoltt [21].
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a0
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234
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I

™

<

. 9

o

D

ol
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2=

Ao el 5 ek

©
T

gt g

| A

~
ko)

g9 38 H =S Fx87]

(3.16)

A

o}

A" Agg o7t 2% 3-6 o YERt St
(3.15) ¢

bte)

S|

g 2Ashd A

, =, repeater 3

A7

=
3

e TR el A

w
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satellite

User
terminal

__________ 1 -

irepeaterB , P4

a9 3-6 $14 W 2-3719 FAI7] AlEe 719 QO-STBC W4S

Age 2l

T 9 A Bl H= AE FER, AF AHY 3 71, 4 7l

et AEFES 22 Hy, Hy 2 3E718kaL vt o] e & Uk

hs th th 0 |
H3 _ R1 _hs 0 _th (3.17)
hg, 0 h, hg,
0 - hgz h:u - h: _
hs th th hR3 ]
H4 _ I:]Rl _hhs th3 _thz (3.18)
R2 R3 s RI
hR3 - th th - hs i

o] AT E 7]ES Hu F& [19]oA AAE ZF W2l & H 538
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~ X

X="2|=HH"YH" .| ? | (3.19)
X, r,
X, r,

o]¢} & ZF whAalS Aw Al¥Zt 55 3 (orthogonal space
time block coding ; O—STBC) ®2lelA AR&st= Ay HE Al
Hgto] B E=7F Srbeta, e @Y a9E oo A=
QO—-STBC ®A¢] ol9 #Z2 ZAFEE 5= ¥
A A zholE 4= Tl O-STBC W29 E3 5 Qsix+ A& 4,
5 HH" & kA Hed, . AEt 5 B35 oA o] HE
Hdo] thztddoe] do), Ty, FH W Al E5 F3E WA oA =
o] A& o] thzt AyHo] HA Fatry] wiwel #12 A (3.19 el
Ebdt wke} o] ZF W o diztgdoe] HE (HHY 'HH' & ks
Aot & BuAelr= o] BAs C-QO-STBC W2 o® 3.
oo} L Ao Hgtalo] WH o]F5 A &slo] HE AHo] A

e

QE=E WHEH3 T, olof st AMES Y 3d 4 B

3} ‘Jﬁ‘“é—% Agste] 3, 4 7He FAL FHUE ARGShs AlAECA T

S3kgo] 1 oM E Wedt AF Aol o3 53Ut Thed WA

O
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A_bskAr [24] [25].
9l (3.14), (3.15) Al 23} FHo] st AuAs 2+ o
7] w2l 23 FHe] s FEE AE FE H A A
de 7H vk @ A=, 4 JRe] tEvel] A8 ¢ Sl =4
= 5 A diste 53 gS S ded e Ad

= 3
D.E Fahel thew} el & % gtk

a, 0 p, 0
0 0
D, =H/ H4:ﬂ 084 . ﬂOA’ (3.20)
4 4
0 B 0 a

AZIM e = Wl 7HE FA FHYRFEH A= F A= AL o5l

fris DAJAZA T3 o] 2dHY

3
="+ el (3.21)
i-1
By = hsh;;z + thhss + h:th + h;lhRs” (3.22)
9l Dy oM A QAL g & AARTE, AR B g
s 1 311, #49) tholWAE o5

ftlo
~
]
e Ay
30
ftlo
S
o
)

uEba], WA 919 AE FHoA HAEJA
o] W3l o2 F9] el Givens 3 AHES AL3sitt [26]. Givens
S| )Mzt AAs Ao uel PH | dAE
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cos@ sind
R=| (3.23)
—sin@ cosé

ghst Ak = lele] 2x2 AE AV Qlvka b, v RTAR A

o Qarel et g9 ghe A As) A shol eI 2o ap, ay A4E

{cose —sin&}{aﬂ alz}{cose siné?}:{a11 O} (3.24)
sing cosé |a, a,|-—-sind coséd 0 a,

olA (3.20)2] ¥4 D, ol Givens A FHsl7] Y8 g4 42
dste] Givens 3 7|2 He FoJ@th 94 dis 3 day o] A0S
= QA g & AASH] A8l Givens 3]A 713 $E R, & tS ¥
ol A gt

cos(z/4) 0 sin(z/4) O

N 10 0 (3.25)
Y| —sin(z/4) 0 cos(z/4) 0
0 0 0 1

TS0 7 dy & dap & B = AASH] Y3 Givens 34 7|2 @4 R,
= Uad o] A gt

1 0 0 0
|0 cos(z/4) 0O sin(z/4) (3.26)
2|0 0 1 0
0 -sin(z/4) 0 cos(xz/4)

ol Al Givens 81d% A% A% 4L B4 D, & Fsn ez
ol et
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a,-p 0 0 0
0 a-p O 0
0 0 a+pf O
0 0 0 o +p

D,=R, R’ D, R R, = (3.27)

Aol Dy AHNA HAd AR gy A9 Fho] 0 0% Hol 53

$4e Baes] st AT AAR AL T & 5 9k o]
9 2 (3272 okl gol Felstu,
D, =R! (R/ D, R)R
=(R, RT) . (RRy) (3.28)
= (RR)"HIH, RR,)
=(H, RR) (H RR,)

9ol Aol wel e A P HAMHRR) o ggu) ro] A oa)

i,
=|hi ng ngoni] (3.29)
SHES
i hs _th ] _th _hR3
h? = th_hRs h? = th hs
! th _hs , ? hR3 _th ’
_h;3 _hl);l_ _h: _h;2 (3.30)
hs + hRZ th - hR3
h? = hR1+hR3 h = _hs_hRZ
: hs +hR2 ’ ! th+hR3 ’
_h;1+h;3_ L~ h: _hrz-z

9 AY BE H, S vhoR o B9 Bal 4x1 9 $Ed B X,
g et
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X=X % % %] (3.31)

4714

X, + X | %, + X, |

x—_X;_XZ « XX

1~ 1] 2 — L]
X3 =X Xqg =%,
X, — X, | _x;_x;_ (3.32)
Xs = X X, — X,

« X, — X, « | %X

Sl xs | X x|
— X, — X, X, + X

ojg} FAF WHow 3 Jfe FA <tEyel i 7z F 33}

W3 AY GAE fEa) Aokl 4% WAL Fahw
a;, 0 B, 0
0 a, O
D,=H; H,;= ° % : (3.33)
p 0 a, O
0 B, 0 a
o1 714
a3 = |hs|2 +|hR1|2 +|hR2|21 (3.34)
183 = hshF:’Z + h:hRZ’ (3.35)
olA 92 FY3 WO 7 Givens 3 d4E R I R E AEeHA
a-f, O 0 0
- 0 0
D!=R, -R'-D, R, ‘R, = @~ Py (3.36)
3 2 1 3 1 2 O 0 a3+ﬂ3 0
0 0 0 a+h

of ¥, A FAZ A FAE WHOR ofgel o] & < U



Hy=[n? he ne ni (3.37)

01 7] A
-hs - th_ [ th
h, h., —h
hf _ RL , h‘; _| 'R ’
th - hs - th
M | h; - he, (3.38)
_hs + hR2_ I th
hy —h —hy
hg _ RL ’ hi _ s R2 ’
hs + th th
L h;zl ] L~ h: - h;2

9 AY W H e vEoR o B Be) 3x1 9 $53 Y
Xy & Fate, 4x1 o FEE AW X, A wA% A AAT 2w

AT X5 & obdlsh ol T 4 Ak,

X =[X1 X, Xs]’ (3.39)
o 7] A
X, + Xg X, + X, X5 — X,
Xl _ — X2 — X4 , X2 _ Xl =+ X3 ’ X3 _ X2 — X4 , (340)
Xy — X, X, — X, X, + X,
X, — X, X5 — X, —X, — X,

oj# et WA olgshd A WHol AwHHo| H7| wZo] offe}

=
ol gt Aoz FA ASE A= + A dv & B

X=H"[, r v, 1] (3.41)
Sl AelA A FE H &= QGEYrE 3 D Afells Hs 7F 4 1D A
o= H, 7F Aok 78 3-7 ol 4 (3.3l AlA" STBC #4&
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2G5t A" Zdo] yebg Stk ¢ 19 3-6 oA st wizbriA R
T AlY vlA " repeater 3 5 AMAIEHE 2] (3.39) 9
o

[_>_(2__'X_4_ , X1tXs, Xo*-X4¥, ,X3 iy Y User

""""" 1 A% :
| repeater 2 |_[py4 2N Bl terminal
L SN ) . %?j“‘/g/
*AN3
__________ ) W=
| repeater3 | [Pd4 =

WA o7k« STBC ®241¢ BER 4 E Hste] "ol
oMol W22 BER Aee 1% 3-8 oA WA vlusr]= gt
Al EFol A= QPSK W WAlS ALE3tT, A4 HE 7

W d A 2ol shssithn 7bY k.

ofr

)
(A FJ

l'U
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ojA] olyF WAFS I 3-3 oA I¥ 3-7 °f U= nkse #
o] 9149 AlAdle] A&t P& tolHAE o5&
of tig Algdeld AdE AHRER &xb 7|9 [19][20] A=

31 BORE WAL ALpatel §4 el AEsE AEel A

AE T Atk Aol A
s 2% 3-9 = 19 3-3 oA ¥ 3-5 o A= Aol g
AE oA AYE YEeRd Zolt 4 94 tewa Ade AT
7F WAt R AsE glol Al Flojy 5AE HolEE, A AMES
2}o]

eholAlek YR A FA7)E dLelo] AE el o]
A9k Q1A F K = 747 5,10, 2 20 dB ol tjake] Algelold skt
2% 3-9 9 AE Avnm £A H 1Y Bl o)A
o Qlxpell whE 4 W A9 eS¢ 5 vk
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Diversity scheme : K =5 dB, 10 dB, 20 dB
18 3-3 —— O X
JE 34 —— O ——

—@— —O0— —@&—

BER

E/N, (dB)

i

" 3-9 EEHRE FEE AR g telmAlE WA A

T, 28 AREA dEelM o= e Al qEHUE rH| e
= A2 dAAl A9 g7 wiEel A FEYIE 3 ARl B-E AL
] 5o *lv‘é’rﬂﬂol*‘i e A3k 19 3-10 o ey ok =, 1% 3-
3, 1% 3-6 % =7 9] Al B gk s AlEdEeld 4

A I
H7F e O”:‘r o ddddol AdelMe d5 Aot FAksHA &
Fote AR F7F sodrs A iAol Es & ¢ vk 19
¥ 3-6 % 11" 3-79 A 19 3-39 5ok v = o
Ao AFH= Azodr At F23tE AEsoF gt dH ol

e,
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. —%— No diversity
10 =X —A—2x1 O-STBC & 3-3
—— 4x1 C-QO-STBC 1& 3-6

/4

\.\ —o— 3x1 C-QO-STBC 1& 3-6
102 '\_ 4x1 LD-QO-STBC 1& 3-7
W 3x1 LD-QO-STBC 18 3-7
-3 &
10 A
N
o "N
& G
10* g
\.
AN
‘.
10°
2N
10° ;i I H I H I H I H | =
0 5 10 15 20 25 30
E/N, (dB)

¥ 3-10 o7k STBC H#-3 & AHES g5 tholmAlE U249 A5

AnkA o7 QA oA FAEE AEe AN FA7I =
Az wiatel 1 2717F wlg- A7) W), ol Hg uHstd &
A HeE AzEe] AYurt AR oE Al did AEdeA A3t
% 3-11 o Ye k. o 7)ol = ol A7k €] AlEE ol Ao
Aob wEZIA R A PEVe A S F AE ] d PR 2L
AT ZF FAZ Nl wlEE vEe] AR et &a tEA S
o 2% 3-11 & 94, TA7] 1, @ FA719 dguil (S:IR1:R2)
of W& Aol vErY St & %Oi AEn7t 10101 4 ASe=
T A9 Pt 47 py3 A EulEo] e Aotk wbde] dEnt

1:10:10 9 A%l $A% F 4% Pot 43 A 2 FaA F



A7Vl Z+2F P/21, 10P/21 W 10P/21 & EujEo] U= A -$-olth
7% 3-11 o UEhd 915kl C-QO—-STBC W2 d#n|e
ole uwhe} AsAtol7t HHEHA YEtde AS & & Ak 5
B FANY Agwz 20 dB 4 A =
1:10%10% & Agol &3] 1 2ols & 5 Aok i
QO—-STBC 9 A% 71 A% Aol7F A9 ¢S & = vt wehA
g% 3-11 9 e 45 Ay vs 42 14895 7Hd A48 A
St tho]MAE] o]58 diH Egol F F dSS KTt

& Stk

10 g\ No diversity —%—
T Ve (SRLR?) 1:1:1 1:10:10 1:10%:10°
L :-'\.. \\ , C-QO-STBC —@— —— e
10° I S LD-QO-STBC —#&— o I
10°
o
LU
m
10° F
10° F
10° —
: . 30

a9 3-11 FA7Ig A48 AE ke A ztole wE FF
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ojle et AatE tE Aol Aur7] fste, 1Y 3-12 o &
s A AdE dedisith ojdels & 99 s AY PR L
BAZIA AL, 2 SAZIAA Y] e PyY3 2 g 7IEA SR
FHe dgs dselh. a7 3-12 9o As AlEdeld A3E 4
HEH oz RHe Aot Ae EAsHA o= 4 5, (PY/3, PY/3,

]
=)
0 A5 qA 45 At LS FAT F 9o

—o

0 ENCEERERS
7t BAZ AR S BA e Welol FuH AF S, (U3, P
PU/3, PP/ A A5THE Zde & deg & = Aot
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