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ABSTRACT

The quality of traditional analog radio broadcasting systems has
significantly deteriorated in recent vyears, due to serious
electromagnetic pollution in urban areas, especially in mobile
environments. Among the new broadcasting systems, Digital Audio
Broadcasting (DAB), which is based on the Eureka-147 standard,
provides CD-quality audio broadcasting services for fixed, portable and
mobile applications, and has been recognized as a promising solution.
Recently, the DAB system was announced as the official transmission
specification of the Digital Multimedia Broadcasting (DMB) system in
Korea.

The DMB system has a 1.7Mbps throughput, which is sufficient for
multimedia broadcasting services as well as CD-quality digital audio
services. However, the throughput is reduced to 1.152Mbps when we
take into account the overhead such as bits needed for synchronization,
error correction and multiplex configuration information. Therefore,
multimedia broadcasting services have a low throughput.

Recently, there is a need to upgrade the conventional T-DMB system,
in order to provide additional services and a higher throughput for
multimedia broadcasting services.

In this thesis, we propose a structure for an advanced T-DMB (AT-
DMB) system, which is based on FEureka-147, with UEP coding
methods and hierarchical 16QAM/64QAM modulation, to provide
additional services while maintaining the BER performance. A
hierarchical modulation scheme, strong channel code and unequal error
protection (UEP) are applied to the conventional T-DMB system, in

order to enhance the conventional T-DMB system and provide

vi



additional mobile user services. Furthermore, this thesis proposes a
non-uniform 16QAM/64QAM modulation scheme combined with various
bit splitting methods and coding methods such as iterative codes.

The conventional T-DMB system based on Eureka-147 has the
approved serial concatenated coding scheme. This thesis also applies
the serial concatenated coding scheme as an HP(High priority) stream
coding scheme, in order to provide a continuous conventional T-DMB
service to subscribers.

The performance gap between HP and LP(Low priority) streams is
very large. This means that the performance of the HP and LP streams
involves trade-offs, when applying the same coding method. If the
performance of the LP stream is poor, there is no point in providing the
LP stream to subscribers. Therefore, this thesis focuses on reducing
the performance gap between the HP and LP streams. This is why this
thesis applies iterative codes to the LP stream. Among iterative codes,
double binary turbo codes and LDPC (low density parity check) codes
are good candidates for the AT-DMB system, because they approach
the Shannon limit performance and involve a simple puncturing device
and a flexible block size/coding rate combination.

The proposed AT-DMB system model with the UEP coding method,
hierarchical modulation and bit splitting method provides a means of
achieving high performance, multimedia broadcasting via the

conventional T-DMB system.

Vil



A1 e

#]%¢3} DMB(Digital Multimedia Broadcasting): F#ollA 7] 7)2s

DAB(Digital Audio Broadcasting) Al2:8l-& $7to.2 3dlof ~EY HE
(Stream mode)E ©]&3% MPEG-4A/V 2E#S AHdd 4= == 3

W pxE s vk B3 A9 DMBOlE F7H S A
o] 9lolA 7]E DABHETH W delg&s FHT F ke
o}

#A A49 DMBE HEFAZE HFEste] FOE, =EE, PDA,
PMP(Potable Multimedia Player)s ©H¥gh Alol +dA S 1o, &5
o= Fui7besta shHut F-2uo] ki o= AlFE

Sl

-

) 71E BES B o

fe)
‘—L‘HEET}\}]\

= =

= =
A4t DMBS] @ 7je] F344: H&S oF 1.7Mbpse] &S 7haiek,

a8y S EAS wxEy] Yk sFEml = (guard band)ub Al # 8
P FAS HAEY] 9% oF AA Hs 5o mHstE AA=

1.152Mbps W &rto] ALE 7hsstth. el o] tifel] &% Fu
E 13 19 vihe A 3719 e Ads &3 S k(4]
A A3 DMB WS dA4 F
AME, 7158 Ads DMB #E B3 9o ddS fAske
Tas 9 aFE AN=E AT A 71l oigk dTtela, AR,
#o] A4 DMB W Au| 2wk olgl DVB-T, DVB-HE# e
7 uI =g 7]1Ee] A3 DMB Al 2=eb FAlel Zhdatell Al Al ataL
A gt [5]
71E9 wieA e qadd A9k R ddel fEd ATWx

WAe Aesta, FpAEs AES 6 ARPEA BAe AHgste]



e 3 HAe F3st 71y AARE AAGY. I RIEAE| o
Y& H|EE convolutional $%3 &i32]53 turbo FE¥wt olyg}
T o9gBAger AuEel o 4% $4S dTER YE DVB-

o
i
N
o
ol
3t
o

B =] A 2= JA AFEER AY3 DMB A& REls A
galal, Al 3FdAM= ZAAY A3 DMB(AT-DMB : Advanced
Terrestrial DMB)®] 7§ B o435} 2pAlt) #]¢3} DMBell #-&317] ¢l
AFE2l ASWHE23 UEP(Unequal Error Protection) Hh2lef ol afj A
AEtoith Al 4782 16QAM/64QAMES] T ¥ 22 2 gA] ¥-35.317] 9
Ao =ol7] A% 71E] HERH W Aok HA Y RE EHUHS
A_erdar, Al 5= FrkMn 2] dstd e B flaE AL
7 AdREst 7S AvfEdlon, Al 6= ol g AlE
dold AIE Holal, A 7ddA AES WHTH



A 2 A XAs DMB A|A" 29

2005 1290 AlAl Hxe] 48 mutd W Auzm ARt 2t
DMBx @Al v, eve B dHoly AMulxE st Algsta Slrh
A2¢3 DMBE 39 DAB 7]1%¢! Eureka-147 Al28& 37ste] oo
Zem pEEden, 71, AR, oke] SolA iFd, thAlde] eve
Auj ok ofyEl CIFwe] Hlte Ajnj2, a1
Ast7] Qg thFsk vlolEl ARl ~E A LE = Sk 914 DMB7F 914 %
ALl E ol gst=u Wl x/d3 DMBE A9 %

=3
of
N
k<)
b
rlr
<
X
=5
=
12
o
ﬂ
@]
:r
r—l
w
@]
=
—
ﬂ
,4;
1\3
=
o
=
!
E\_L
o
>
-|~
_OL
_EL
)
o

9& Abgskal vk @ e TV AEE 6MHzz T4
2-13} o] 3709 EFo2 Y= 5 i, 9] &
S N, eHe 370, Helg 1 EE wte 27)9 Auxrt s
ok 2% 2-12 A3 DMBO F34 A4S WER AL (5]

512KHz 1.536MHz| 192KHz 1.536MHz  192KHz 1.536MHz| 496KHz

1 T-DMB Block (1.536MHz>

nYe N
Audio Audio Audio

Video Service service1l Service2lsenvice3 | Data Service
J

% 2-1. 4% DMB F35 74
Fig. 2-1. The frequency organization of the T-DMB.

A Arak DMB Al 2~Hlo| = MPEG-4 AVC(Advanced Video Coding),
BSAC(Bit-sliced Arithmetic Coding) % BIFS(Binary Formal for
Scenes)S ZHzF H|tl ¢, U9 1g]al ulo]Ee] AxzmY HHoZ o]

3, o] A¥= MPEG-2 TS#{Zl 22 COFDM tts3te . #As DMB



Alz=Elo A= o] HA vdFstdE Aol ols 4l Aese 7717 918
F7FA e Ad 3Y HHo 72 RS(Reed-Solomon Coding)$t AEFAY
vlo] E olE g¥(Convolotional byte interleaving)”]| o] A&}, o] %,
ANExw A7} Eureka-147 DABY ~E#¥ REZ Eg A5t 19
2-2v= A3 DMBO &4l A28 25 YEhlilarn, 19 2-32 A
43 DMB A28 5 HlH e tF3t7]E YElidv[6]1(7]

ZEN CNECC2ES 47| (TTAS K0-07.0024)

FEC CiolE
A .
A= & EEFC)ZEZ 00 [
E%H;O{ 1
Hold “ : ¥
1 I
i i g
iy KA BE(6) 22 I
: , al
] 1 al
1 I
- = ; b o
e UNEBCe e ZyY ¥R — m i
e : at
i i = lers| 2
1 I
5 ¥ o
i HolE 32 o 3
. ‘ g b
I |
| l
: : !
Hlcie Hioe Jasa| | 493 au 2w A2t _—
W™ b FHHE - EHA e oaa —| % Hicle
MU tEal [ 25| | Azuss Aqums 233 olE el G e ius

a9 2-2. X743 DMB 741 Al 2F R

Fig. 2-2. The trans-receiver structure of the T-DMB.



0D 0D GlOIE
MAI|
ii!
o PS4
i’j 14496 4 &1
2
0D/BFS OD/BIFS < ziﬁji g_
M40 =] B ol
2 B
& 2l
2 tH
AN
P PN
Ho2 = B @ weea—2 | 3| S | a=w
2585 ES 2] HNTEY TS g
25310 = i o = c
il = = ]
% - ?.: = o
m ) T =
J @ " o =
;SE‘;‘CQ 202 ‘ Q0L o PES & z
e ES SLOH3! £\ kY o
2580| 3 5
21| =
===
=
| =2z Izzdog —
1 doE  TEs -
|

a¥ 2-3. A4y DMB BlY Q. v53] xR
Fig. 2-3. The video multiplexer structure of the T-DMB.

21243+ DMBOA Ad FE&=2 ARESQl convolutional F&9] 2+
a9y 2-49} Fdg= Convolutional H-5 9] AT 2
(133,171,145,133)s o™, H3& 1/47hA] A4S s} o] 3k Ho|s}
FA9 el ETSIEN 300 401 ver.1.3.1 %<& W&t} [1]

S1 1 82T83T84—'H 85 SB
S

b
B 5

a9 2-4. AAd DMBoll A AFE3a 91+ convolutional H35.9] %

—

ay;

T

Fig. 2-4. The convolutional code structure of the T-DMB.



A4k DMBO &A] AFgEe WE7|WE  1/4-DQPSK(Differential
Quadrature Phase Shift Keying)S AF£38al 1o, o)== 19 2-59 &
o m/4-DQPSK WZ71W2 dub#]l QPSKE AMgahs Anyg 7eats

sEFol BU 2 Aes €5 o A dErh(1]

Im

Re
® odd
o even

a9 2-5. 43 DMBE] 1/4-DQPSK ¥ z2] A=
Fig. 2-5. The n/4-DQPSK modulation constellation of the T-DMB.



Al 3 7 zpAt A4 DMB A|&F 24

A 3-1 A ZA 243 DMB A8 Jide] ZaXd
3} 7id

A A} DMBO] AF-gain] o] A= wke AlA Ao FUE AlxzgAd
7)o} DVB-H(Digital Video Broadcasting Handheld) 7)< 71 2 A
& Mu s dggdoERn Batd v Aujae] AIGS AdH-er] 8§ =

Eﬂff]’?ii’—, - ﬁjﬂr 20064 5¢ o]l‘%ﬂo}q]/ﬂ fﬂ%gi DVB-H }2,]'%}\'13]

25 AAEHA e v = D o] FLO(Forward Link Only)gh=
A2 7S Jidste] 20079 3EHE w=o] A Fo A AE AH| 2~

, AA Fbe fleke] w¥e AdFstar (5]

A AA Az Eupd WG A z"owAe] FAHE FAskr] A=
A17%43 DMB9] & dloly H&E(effective data rate)s SHA
dol Stk ofgY FU7E dHEE fa doly HWEES &8st A
3 DMB&F d353H4 S FA8kHA SD(Standard Definition)d HXZ9 1L
=4 "HEno] MujaE Algstolor & Aol

ole gk e AtEel o M de AHAY A3 DMB= SHiE =

a2 delH tl, Y9 Fag i HelA 71E 243 DMB
ol wla} Hoj 27k 8] 7HE Muls FE SV Zlow Tdistar
Atk E3H SDwE =R AAE HHe ZHl=E 7|E A4 DMB
425 QVGA(Quarter Video Graphics Array) 42, A Hgs &
A A7¢st DMB @22 VGA #49 std= AF 7FsA & Zlojth
a9 3-12 Aw MY #2443 DMBe #3474 AlES YERaL Q)

m
<)

l_.

o
of
o
ol
offt

52 2448

rﬁ



1 T-DMB Block (1.536MHz}

Audio | Audio | Audio
w s [ vosonion |t 50 soreed

(a) BHAE AH| 2

(a) Multi-channel service

1 T-DMB Block (1.536MHz}

Audio | Audio Amll
HP AEJH Servicel Service2 Se

(b) ALFEA A 8]

(b) High-quality service
a9 3-1. A A4 DMBe] Sy 74 AlE
Fig. 3-1. The frequency organization of the AT-DMB.

AT #]/d3t DMB 7]o] Hg¥o] Z837F =W dA DTV(Digital
TV) Mulze =08 HE F9 AEzA=rto Al AAd *43 DMBE

wrlel BT} DTVE S0 A8d 4 e 4449 dA Frte] 2
S7b glol, mukel el Sats vl a9l ITAR Aol g Faw
qge T Aow Juan Ak g A0 A4 DMB 4 AW
28 feNE 71E A4ksh DMBole] o Eg4o] Hhmal wgwojof s,

N
Fix
ﬁ

Ak DMB A B] 2 Av 2] A (coverage)dll Wk Fako] H 413t A
Algl 2743k DMB AH] 2~ E9jel dAze] fvta & 4 9t
A A48 DMB 7]& Ee 71EH o g 7|E 2443 DMBLFE

12



9] Ay DMBE 1w/4-DQPSK(Differential Quadrature Phase Shift
Keying) ¥Xx 7|¥HE& o]|£31 gloerm=az  olE 16QAM(Quadrature
Amplitude Modulation)/64QAM W% |z shgald 93 sAdol WA

T8 HolH AFE Suads Al 4= 5 (5]

DMB A[2=8lo A a1 & o] #]

A Adrgskarat g



L
ofj
(g
N
rlr
>,
fr
°
i
i
N
N
o
=
©
ln!
l>
mlo
=)
i
o
fin)
s
i)
>~
(m
E

2,
rlr
O
>
=
X
ne
Lo,
X
ol
e
BN
ol
1>
tlo
>
o
ol
2
>,
I

\
o,

5 R A
o AT A2 Al2Fel wEt thdsiAl FEE g dARE 719 A
43 DMB Al =8l A ] ATz a2 A7 1aE A ettt [8]
71&9] A749 DMBO] W22 1/4 D-QPSK ARg3he wbdel], &
=oll A= DVB-T :#FolA Aekelal 3l vl Y 16QAM(non-uniform
16 quadrature amplitude modulation)¥} B¢ ¥ 64QAME o] &3sl= A
Az WAS ARRSISIY. ol AW A3 DMBRWE Al 2FlelA 7]E
|2~& HP(High Priority) ~E#® o= A&sla, F712¢ H7}
LP(Low Priority) 22E®g o2 FH3le] dEstoan 7|& W

Aulze] E&e Wolmeln gromA R ze] A% had 59

o
o
of
>

jus)

B el A Alkehs AW Adst DMBYE Al ~gle A4 g-akaat a
= DVB-T EFolAM AREHI Q& ¥dd 16QAMI 64QAME] A%
3-39] YERAT Bl7d 16QAMS] 45 19 39

Uebd A AF WxE A Ao nER FAEY Hde F oy
E(cy, ¢)= HP 2EH ] 93] AA = YwA| F H]E(c,, ¢;)& LP

~Egd| o8 AgH).

10



“Hi jority” Im
High Priorit: S
et 01‘1-1 01'01 1:211 11.1_1
S; Ss Sz She
i i
Se S, Si5 S
0110 0100 100 1110
“Low Priority” CoC1C5C5— (1) X
stream bits
Re
P q
o010 0000 1000 1010
® ® @
S, Sy Sg S
S5 Sy S
® @ o &
0011 0001 1001 1011

Y 3-2. AAIH A/ DMBe] Bl d 16QAM 473 %
Fig. 3-2. The non-uniform 16QAM constellation of the AT-DMB.

: 8. Q
“High Priority”
stream bits = A
\ 100000 100010 101010 101000 001000 001010 000010 000000
100001 100011 101011 101001 001001 001011 000011 0000MM
/Dﬂ‘ﬁ"ﬁ(lm 101111 101101 001101 001111 000111 000101
“Low Priority” & - '
: ). 100 a111c 1 001110 0001101 0001
stream hits 100100 100110 101190 101100 001100 0 o Wo100
> |
10100 110110 111110 111100 011100 011110 010110 010100
110101 110111 111111 111101 011101 011111 010111 010101
110001 110011 111011 111001 011001 011011 010011 010001
110000 110010 111010 111000 011000 011010 010010 010000

Y 3-3. AAIH A/ DMBO] Bl d 64QAM 3=
Fig. 3-3. The non-uniform 64QAM constellation of the AT-DMB.

11



a8 3-23% 1% 3-3°)4 o= QPSK(Quadrature Phase Shift Keying)
AEALolo] HaAT 9 HFY 16QAM/G64QAM A EALol 2]l A2 2] H
2 AoEm, pE HP AAd7re] A& A, & LP AAAe] Aggn
& oo, ax= 4 (3-D3 Zo] yepd = k(4]

L_q (3-1)
q

a9 3-20014 =191 A& QPSK AEAlele] Agel Hl#Fd 16QAM
AEApolo] Azt AN Y 16QAM Alxgle] Huh, Z1E]al a9
gtol F7ketd 3 WA vloly 2ERS o|F&= AEAlelY] Awle F7tst
A Ha, A dHeolE 2E"S o] FE AlEAbe]d] Al FAsH H
o], a=0 QI A= QPSKe A et A Hrt

a®l Wsle] wE AZMx9 constellations T-3t7] Y& pot qo e
o5 A (3-2)~(3-5)F E3lA & F sirh.[4]

p+q=cos£=L (3-2)
4 2
p=a-q (3-3)
a
p =m (3-4)
1
q =m (3-5)

ASHZE AlEHoldolA AWGNE] FSi4ks AlAtstr] 213 Al Eoly
Aol AAEL 2] (3-6)~(3-9¢F #rh 2% 3-29] 16QAM AN ==
normalizing® QPSK<2] #< X shar, &ate] el wel Yo dols

12



WA A Hlgd 16QAMS] A3HS Aokl "k o714 AR A
normalizing® QPSK2 AE7tx]¢] AgE X, p+q¥ S nomalizing¥
1
2

QPSK A& I3k = Qatez 4 (3-2)9F #o Tol et m2bA X
o olvAe] A7|(E{XH+= 1o] HaL, +13 -1°] #53H/ FXsr=, 1

_ 1 1 _
B2 00] €} olef 2 WWor YV HER +ﬁq, —ﬁq7} 540

2 758 BEEseE YO Ho AdUR(E{Y}) ESF Qo] At} AL
Ao Folm &, X2 o] HHFHe 10] Hi, Yo oux] HHzhe
2g%e] Atk oj7]e] 4 (3-5)9] qFtS tYsHE AWGNS FSEALS A

= 2~
Abek 4= 9l

Z=X+Y (3-6)
E{Z} = E{X}+E{Y}=0+0=0 (3-7)
E{Zy = B{x+ Y[ = E{x[ + E{Y]) (3-8)

o2 =E{Z|'} + E{Z\E{Z')
= E{x["} + E{Y]}

=0} +0, =1+0; =1+24¢"

1

—1+—
(I+a)

(3-9)

13



2~ HEl
=

—

Al 3-3 A UEP(Unequal Error Protection) A

j
o

el

ol

BN

o
N
o

o]
il

o

Ho

o

ol
<

bl

H,

EEP(Equal Error Protection)

| dolEel Faws) dang

o o3

i

N

3

o] 7}s

o [11]

.?_

% 717

i3

MZol A AlA

Elasg

skofof

SELEEE:

A time sharing 23 UEP(Unequal

o] ¢lt}. Time sharing W

£

Error Protection)

s,

48

o

Al7]& time

& 2708 o F

ol A A

3

1 19773 Imai—-Hirakawa

3]

sharing W2lol H]

of @AAA AL A

3

2 g2 X

ke FH A e

ol
HH

ol

2ot} [12]

=0

H

14



HP 9
w—— HPEncoder " 1¢/64.0aM

— To Hierarchical ——

LP - 2ord .
Parallel LPEncoder or4 © Modulation

Y 3-4. AN ASH REe YA A%w FEE
Fig. 3-4. The general transmitter structure of the hierarchical coding

scheme.

71¥9] UEP Y2]& A$¥i= TS(Transport Stream)s
Priority)®} LP(Low Priority) 2 ##sle] 2t7te] b2 A s#HS 7H §
G371 & o] &sto] F5st Al7]al ol & A Wxste] HEsttk HP= 7}

7He LP Ad Ase 71 A9 DMB ©@27] el A Bz A
o] A A2t 3 gaiAAM FAlEE Aem IASA " webs, Al
sHz7t 4849 Agolle 71E A4y DMB @279 4 e

= odskd kel gler, af] ghol 45 1 43 Aks Aadh.
Rbd, ] gho]l S ASNEE Skl FUF AEH= LP AdAs
A AEe Fasl HEm 571 d$EHs LP Al Azel tha A
MB wt2o] Al Aol dstdnh. ARt AAY At

D
DMBo| A+ HP AME9 convolutional encoder®.t} -3 o7 AA H

[r
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715 LP Ad 8oz Agste] FAlde d3tE o= A BT 5 3

s

B =EoAe AAY AT DMB BEo] FbA b2 FAlel] 283
T AAE 19 3-59 e ATAH Fusk S ARSIt oue 4
oM 7] AMul2aE 7Rt Al AlFEtelol SRR, 7]E AH[ =9
Eureka-147 A|28& HPZ &93tal, F7HAH| 25 LPZ sto] LPY A
g 5353} BAs WsletiA deEAS vt o] o, LPel= DVB-RCS
A HEEDS 8 LDPC ¥25 A8ste], HPSH LPiHe] Aeatols &
o] 1A} &kt

fol

Eureka-147 co, c1
—_—
P Transmitter
16/64 QAM c
Hierarchical
Modulator
LP . Channel €2, ¢c3
Encoder €2,€3,C4,C5
rum Channel
HP BER Eureka-147 Fure n
Counter | Decoder i
16/64 QAM
DeModulator/ |«
e Bit separator r
LP BER Channel I
Counter Decoder
rLI'e rLzre
ru‘lm rlz‘tm

a9 3-5. A #743 DMBel thgk 524 A|AE BEE
Fig. 3-5. The system block diagram of the AT-DMB for performance

analysis.
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Al 4 7 FIHAHE BEE AR HERE W

Az HzE 235 16QAM/64QAM AlEe] ez #Lo] mo Y
T A

A8 B G A

Aol Aol waelA Feol AWGNeleha AHgsd e W, S5t ¢
g A5 wEstele HxoA HE o3

2 o A= LLR WY MAX W] disfiA Adwstar, 2Ad =733}
DMB9] 16QAM/64QAM Ag=olA &4 oz HEE FI8 4 9+

Center forcusing ¥ A¢tsldt). 2 Ao A= 16QAME H¢-=

S 3o 64QAMS 16QAMe] 4% Fe= Azst 4= Qv

(2
o
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=0

H

A 4-1 A LLR

a2 (4-1D3% 2

J|

(4-1)

r=c+n

Gaussian noise©]t}. BPSK W%

+1

19 4-1. BPSK A=
Fig. 4-1. The BPSK constellation.

& A (-9 ol

e
LI

Ao gk LLR %k

29 3-23} P},

Al
=

bupel

d|

| th= 4 (4-3)3 o]

3]
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. . _ o re . im
0000:cycichcy i85y =8y +J X5,

. . _ L re . im
0001:cycichcy 08, =8, + X5

. . im
0010:c,cichc5 18, =55 + j X8,

im

0011:c,cichcy i85, =85° +] XS5

. . _ ole . im
1110:cycic 05 08, =81, + X80,

_ 4 (4-3)
1111:cocicp05 8,5 =S5 + J X S|z
16718] Aol #stolr Ha oaf 88 7 24 e A
S9f 9 A5 WE Abele] Aglel oA 2] (4-4)e} o] & 4 gl
F=r"+ jxr"”
’ (4-1)

Wy
lr=s =" = s+ (" —s")?,i=0,1,---,15

21 (4-4)e] 93]
(4-5)¢} o] & 4 Q. [14][15]

P = ;ei 26* j1=0,1,2,...,15 (4-5)
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e el gstel LIRS Asle] T8 & Atk #4 WMEA ¢ ¢,

c,, ¢olgtal & w, ¢,, ¢;7F AAH A43t DMBE] F-7pAuj 2= g
G¥ Lpulole] =Edel sido] €t ¢, 7} 04 W 24 &5 £, R
P, P, R, B, P, Pjol 5lm, 19 w &3 &5 P, P, R, P
P,, P,, P,, Bs7} 9tk 7t 09 W) ox &8 P, P, P, P
B. Py Py, Bt |3 19 W o4 &g& R, B, P, P, B, B,
P,, Py 7} 9tk 1P ~E¥e] day 4

9 Qe 5, grolekn & W, £A AE g olgate] A 4-6)3t 2

il

~N

of HES BT & 9

re __ . re
7"H =r
im im
g

R +R+P+P +P+B+h, +P,
P+ P +B+P +R, +B, +P, +B,
P+PB+P+R+R+P, +R, +h,
R+P +P +P +B +P, +B, +P,

1, =LLR[c,] =log

(4-6)

r," =LLR[c,] =log

exponential

9o} F&o] HEztsirhi= o] vk [14]1[15]
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Al 4-2 A Max W

LLR BAelA 4221 v ES AAs] e 53¢

rﬂ
rO
e
tlo
)
R
o
2
ol

o a2HE2 24 (4-6)9149] logdits F o s wHE § e W

HS Alotsit),
Logtel Qo= #

L A(4-7)¢ FAHS F3)

log(e® +e” +e) =log(e’ (1+e"* +e ™))
=log(e”) =z a(if ,a > b,a > c),
=log(e’(e“” +1+e“ "))
~log(e”) = b(if,b > a,b > c), (4-7)
=log(e‘(e”“ +e”* +1))
=log(e‘) = c(if,c > a,c > b).

Webd A 4-6) 4 (-1 ol8s HY 4 (4-8)3} 1ol
F 9k

EH
r |

]

1/ = LLR[c,]=max(B, + B, + P, + P, + P, + B, + B, + P
—max(P, + P+ P+ P, + Ky + P, + P, + F;)

1" = LLR[¢;]=max(F, + P, + P, + P, + B, + By + P, + B,)
-max(P+P,+P+P,+P +P, +P,+P;) (4-8)

|

2
ann, polr=sl oy 5o
i 252

ojs} ol 4l 2A HIE

i

A (4-8) ARgate] ek LLRWEA oA
o] logAt #d3} exponential A4k 4GS A 5 Qlo] =] F

ol & ] & MaxHo] ®rh.[14]1[15]
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Al 4-3 A Center focusing

a9 3-2004 BHY A EIRS] s HAgs] fs] WAl oA
ARl FxE AR&SITh ol A ARl Fx=E & 16709 S
FTAoR 4o AREH HAA = Pl AEES HAUAE e HA
Zamgk QPSKe FHE 7HAA du ol & o83t LP 2ER vy

Qo AR 7, ) e T 5 QA B 0% A (4-9)9}

1

re = ‘r”e —(p+q)= ‘r”e

(4-9)

o~

W= = (p+ @) = | -—=

=

o] 3l center focusing WHS LLR, MAX Wy g Atk @&
exponentional14t7} log¥d Ak, channel estimation®] Q384 &7] w&E
of Aej&ert wepA|al st Flo] &olstth FRE T AT

2% 4-2+ a=3, EsNo=20dB @, AWGN AHE Wolr A%
center focusing WHe| o3k H|E EgIAAHS B3 9v). Center
focusing *Hell o) 16QAMS] 414 Eo] QPSKE A&9 Fej= v
A AL, ol EHkE LP 2E® e Hay d¥or ARES 5 A "k
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EsMNo=20,DVB-RC3=1/3 ALPHA=3

(a) TN E
(a) The received signal

EsNo=20 DVB-RCS=13 ALPHA=3 EsNo=20 DVB-RCS=13 ALPHA=3

15 15
1 1
0 0 o
05 LR 05 2 B
T i T
(S : G0
o 1 o
05 : 05
1 : 1
15 | | | | | 15 | | | | |
15 1 05 [ 05 1 15 15 1 05 [ 05 1 15
ICH ICH

(b) HIE g% F2lAs
(b) The received signal after bit split
13 4-2. Center focusing HE #32] A

Fig. 4-2. The Bit splitting process of the center focusing method.
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Al 4-4 4 BFE v

AAE A 7 BIE Fe] iAo ALEE # 4-1° Bl askgith

LLRE o] &3 WS o] &3 A, 4l Alsst A4 ko] AgE T8t
71 a2 euclidian AdE TFalok sta, EF 2Vl
exponential®} M/2¥He] ZIE AAbs|okwt st MAX HHoAM =
exponentialZ} 21 AXS AAG = Yot wRHo R A tE center
focusing WS AUxvto g AYE ALstmz A3 Aildo] Foi&H

o PN
S & Uk

¥ 4-1. vE &7 WUHE A4kF (N/A : Not Applicable)

Table 4-1. The number of operation by the bit split method.

Bit Split
Method | LLR MAX | Center focusing
Operation
Epr)nen.tlal oM N/A N/A
Estimation
Log. M/2 | N/A N/A
Estimation
Channel oM oM N/A
Estimation
Distance M M
Estimation 2 2 N/A
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Al 5 & FIbAR|&d aEEE= Ad 538
3

oA 3ol A= AAIT 233 DMB Al=gls 98 A% WxE AR8et
Al HW 7)€ A4y DMB AH| 22 @5 HP 2Ef 7 ZAY 24
3 DMBY] F714Q B A2 dag LP stream?be] A% xfol7p
Al = a1, o] ApolE =H3tr] st UEPWHe] A-gHrta Aystaitt.
AAZ ZA A3k DMBel A= HP ~E9 ] d53 LP ~
2 trade-off#Ad] 9lom, e Ho3l whals AREs F9- A
d

7b vl A AR ol s Abel= A& ol

N
Hol| ALEE = e 9 Ad F53) wyo] HQsy, B Ao A=
LP ~E®9 Ad Fosl Wyo
binary turbo 3, DVB-S2 142l LDPCH-%, 802.16e 742 LDPCH

58 d9stad dh

i
&
FT(:
w)
<
os)
=
O
wm
=N
Y
o
o
o
=
o
)
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Al 5-1 A Double binary turbo 3%

19939 Berrouol 9J3iA AletE turbo ¥-&E LDPC H39t 3
Shannon?] o274 gtAl] A3l F53) W2lolr)[16]

71&9] convolutional turbo ¥&¢k= Z2] DVB-RCS(Digital Video
Broadcasting Return Channel via Satellite)77422 AF&Ea A&
double binary turbo H3%i+= CRSC(Circular Reculsive Systematic
Convolutional) 35 oA A|ts}+= Circular States tail-biting Principle<
o]-83ato] tail-bit®] FH7iglolw= FAITA A FSM, BSMAAFe] 7hs et
cth[17]1[18]1[19]

Double binary CRSC(Circular Recursive Systematic Convolutional)5-
S+= Convolution #3[20][21]9F RS # 55 AR #4449 FoHt)
U ol AAsHS 7Hd F3e dAE] el A EE e, double
binary turbo ¥+ binary turbo F3ZHT} &  implementation
complexityoll A O v= oe] BA 598 7ML Jon, 579 Fx
$} Trellis Diagramt 242 2% 5-1, 28 5-29} 2t}h.[17]

13 5-1€ double binary turbo §3.7]9 RSC(Recursive Systematic
Convolutional) TZ°]a1, #EZ]7} 37]o]22 AH = =5 87/ oY
A== A B 9 HEZE “00”, “017, 107, “11” H] 7FA]9] 457} 2 A3
B2 gk Aol A T iR THA] = T 470t
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d—
(¥
—
£
puwy
(V)
(%)
B

53

}

z W X

a8 5-1. #WE2g7} 378¢] RSCY %
Fig. 5-1. The RSC structure with memory v=3.

ABRSYWZ St Sz Ss
COAROL O/ 1000 ovsnit OO0

9000

10001 00S110 01B0 131ie 100

et |
~ 1100
Lo

114101 01010 soA1o1 1ot 10

GIA1BO 117011 107100 Gosott 110
107111 00000 014111 19000 (30 ]
GOS0 1001 117110 /001 ';0'!

OV 11 101 104010 00S10Y 011

1I0TF 017100 9g/011 1e/100 1 1
19 5-2. CRSC turbo $-3%.¢] EdgAL:

Fig. 5-2. The trellis diagram of the CRSC turbo code.

19 5-3& double binary turbo $3%37]9] dA F+FZ e
Double binary bit A, B9 FHEZ} 45 EH, 18 5-19] RSCH-5.3}17]
2 A 99 HEEZE F BE @99 Permutation < dte] & F H

EE thA] RSCH-E3} shel 7 pastae] APl E 5-13% 2ol BA
28 [171[19]
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e >

RSC1

Wior We

Permutation . Viof Y2
I Puncturing =+

f1or F2

e

RSC2

19 5-3. Double binary turbo 3% #3537 +%

Fig. 5-3. The double binary turbo encoder structure.

¥ 5-1. Double binary turbo ¥39] puncturing pattern

Table 5-1. The puncturing pattern of the double binary turbo code.

W, W, n 8 Z, Z,
R=8/16 | 1111 1111 [ 0000 0000 | 0000 0000
R=8/24 | 1111 1111 [ 1111 1111 | 0000 0000
R=8/32 | 1111 1111 | 1111 1111 | 1111 1111

Permutatione FAIg A HAE o8 E HX|stl oFrF 3 Aerror
floor) & WA5t7] 918 A a3E YERATE Permutation W T
5 HAE g2 [17]

1A
Block Size® N ol#tal &t A& k (k=0,12,---,N-1) & %,
k mod 29| Fte] 0 oW 1 AH 9] wlolE] A9} B #h& AR whrth

2

b2 o] Permutation parameters® £y, B, P, B g 34 ol&

28




O

o S 7 5-2¢9 72 Block Size N o we} gro] Wkt

d

if Kk mod 4=0°"1 P=0
- if k mod 4=1°" P=N/2+PF
- if k mod 4=2¢" P=P,
- if £k mod 4=3°" P=N/2+P,

Z12] 31, permutation index® j 2 &4, j=(F xk+P+1) mod N o]
ok 2 =dodlAe flok 22 dYE o] &ste] EFAbo]=Tt 7680 AL
45017 permutation parameteri= B, =19 , P =424 P =224,

P, =648 3} 2},

3 5-2. Double binary turbo #3%.2] permutation parameter

Table 5-2. The permutation parameter of the double binary turbo

code.

/ N bytes ) P P, P,
1 96 24 9 42 40 6

2 192 |48 13 62 64 2

3 288 | 72 11 122 | 124 | 2

4 384 | 96 11 152 | 80 154
5 480 | 120 13 2 16 6

6 576 | 144 17 152 | 104 | 224
7 672 | 168 17 24 0 24
8 768 | 192 19 424 | 224 | 648
9 864 | 216 19 2 16 6
10 | 960 | 240 17 6 8 2
11 | 1056 | 264 23 10 4 2
12 | 1152 | 288 23 476 | 244 | 664
13 | 1248 | 312 29 22 0 22
14 | 1344 | 336 37 46 20 2
15 | 1440 | 360 31 32 4 28
16 | 1536 | 384 31 20 24 28

29



5-4+= double binay turbo 5% 7] T+ZE yepdt =418 AS =
ZH7hel Berls AR F OEEHEEd Ho] A B Y, W, Z2 22 Hrh
g 7t softiteES 27+ FHe HE7]el 49 €n. binary turbo &
Zlebe e ol& FHIE w@elo BETE dof &7] wiitd ZH7te] E7]
o] extrisicd X 4707} A g
FAE BE HE A B 28l #4119 Yy HE Y, Wy, Z; o] A |
Al Decoderlel 1gel ¥ %58 47 370 A% Q0 10 ol E2e)
At AFol= Extrinsic gtol 171 wizel 7] 2pa1e] ghs wjx] eFar
interleave(permutation)o] £°] 1+ ¥ F ¥ Decoder2el| Extrinsic %k
o= o] Hal, FAlE FHYE HIE Yy, Wy, Z,&= 3 ¥l duh

A

Decoder2el Al &€ L (A4)°), LA, LAY, L(A') e MAP #24]
AuuER 9 A7) A g L"), L(d"), L(d"), L(d,)

S @l & Deinterleaveo] E°] %k iterations =] thA] A HAH

3
Decoder19] Extrinsic #te.® =&o] )

azul D 5
AB -y
Systematic ' }j’@,@ L e g
5 » —t‘.. = =
Information Decoder 1 B % T L4 ] Decoder 1 | ([ s T
m = 11 1
A 3, Lt L) 5 L)

Y1,Wh
Parity #1 ‘
Parity #2

Y2, W2

—

-1
71':
—»

19 5-4. Double binary turbo 39 &35 34

Fig. 5-4. The decoding process of the double binary turbo code.
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A 5-2 A DVB-S2 +4¢] LDPC #%&

A2 WE FA FA Fold #4e] Ha gt AY Paah A<

LDPC H-33} W42 turbo F-So Hl&| Ho3te] Haterl v oy
_]

=
g A b 7hsd el dvh(22] AR 914 ™ TVHDTV) &
Z¢kel DVB-S2(Digital video Broadcasting) A|~®S LDPC H#35E <
FAAS S A ow Aastar itk [23]

Hkde] Fosle] e EH3wrh LDPC Hoo F8d wAldo|don
DVB-S29l4 = &A DVB-S2 A4+ HNS(Hughes Network
Systems)AFl A A ¢F8F parity accumulate W23 AFE3Le] €A 53}
atal k. [23]

b3k o2 123 5-59F 2 (8,4) LDPC ¥-39] parity accumulator
address 7' o5 o)

b, 212t

4

ol

Information bitE (iy, **,i;) , parity bitE (py, ", p;) =

o

parity bitell tjgh 212 ofgje} o] yebd 4 9lal, parity bitell tig 4
HATE oS 4 (5-Doz yepd = gt}

Address i
/ :
Ofr 01 01 0 0 0}¢
1jo 01 1. 1.1 0 0f& | 0
2110 0 01 1 0fp,
3]1 0 01 0 0 1 1|p
P
LP5 |

18 5-5.LDPC ¥-359] o
Fig. 5-5. The example of the LDPC code.
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Dy =1y +i,
Dy =+ py =i+

. .. (5-1)
Py =14t +p =1+

D =1y +i; + p, =i, +i,

Parity Accumulator Address 7]|¥H& o]&3F Wl ¥ 5-59 H
matrix ¢ column ©] 1¢1 &9 addressZ o|-&3}

std|, address+ oFgl] 18 5-63}F 2t}

1
3

— O N O

a9 5-6. LDPC %#3.9] address
Fig. 5-6. The address of the LDPC code.

a9 5-69] addressE ©]&3A v ©A 158 37FA ALtsio

~ B 1 initialize p, =p,=p, =p;=0
Z7|A = BF 0 olgtx Erh
- ©A 2:
Do = Potiy =1
Dy =D, +ig =1 (5-2)

D3 = Ps iy =i,

o] 714 p0=p1=p2=io olm=, l()]:H/I\_]_ 2} 2} po:pppz’g— o ¢ gt
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Dy =Pyt =i+

Do =Pyt =i+,
p =Dt = (5-3)

D =Pt =kt
Dy =Dy +i; =l +

- @A 3: p,=p,+p,,(n=12,.)

Dy =t +1,
Py =Py +p1(=i2+i3)=i0 +i;
P, =D +pz(io+i1)
:pl(:i0+i3)+p2(i0+il):il+i3
Py = py + pal=iy +iy)
:p2(il +i3)+p3(:io +i3):i0 +i

(5-4)

@A 3o By A (5-4)9F AG-1)e BEE o = Q. AsE AS
(s "slys Poote s Py) & AL AT =1y, 11,1, 15,74, 75, 7) ©12F &

st Ho7ldM = ofd 29 5-7S WS wj7bA] whEshEA g

0 || 10101000 ry
1 ]| 00111100 r3l 0
2 || 11000110 Ty
31/ 10010011 rs
s
r7

a9 5-7. H3E 9]¢k LDPC ¥4
Fig. 5-7. The LDPC matrix for decoding.
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LDPCO H3% A= 29 5-8¥ o] 21 HEdt AQd 4 ks
gES 8= CNU(check Node

=

T8t= %713t #4, Check node
Update), H|E &&S 3k= BNUBIt Node Update)®] ths Al 7FA &

— =

AE AA HZsA dnh.[22]

Bit node n Check node k

1% =u

n—ki = “n

(a) Initialization (b) CNU

vn~>k1

Bit node n

n—>ky,

(c) BNU
19 5-8.LDPCY &3 34

Fig. 5-8. The decoding process of the LDPC code.
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1) @A 1. %73}
2
un = _Lc 'rn(Lc :_2)971 = (0717,N—1) (5_5)
O

2l (5-5)oll A Hi= nle} o] FAMEdtrt Y F4 S -5te] H)
E =2 AA3 7] NS codeword?d F7]olal o= 7F¢AI¢H #

&9l Aatolth,

2) @Al 2. Check node update (CNU)

a9 5-8(b)ollA B A} o], HE 2 HE A k=X k2 £
Q= d O] HAKE VoV eV B BAISL, 2 bR
7]-}‘_:‘ Uﬂ/\]X]% Wk—)n]’Wk—mz"“’Wk—)nd( 3]'Z]'- :L‘::g“:]'—ﬂ 3]'% i'“ﬂ —LJ‘—EEJ‘TL

B Urhe dARE B A (5-6)3 el mant.
Wk—)nl. = g(vnl—>k9 vn2—>k9 B vni71—>k,vni+l—>k9 Ty vnm‘—)k) (5_6)

b

1714, g(a,b) = sign(a)x sign(b) x {min(al,|b))} + LUT,(a,b), ©]1,

M

LUT, (a,b) = log(1+¢ ") ~log(1 + 1) o]t}

LUT,(,) &4 look up tableZ 8 7}g3}t},

3) ©@A 3. Bit Node Update (BNU)

a9 5-8(0)lA HE A o], A7 =25 HE =5 no® &

o

O

0% d, e WAAE W W s W L, B3 EASIIL, L Wk

Y7hE OIS V2V Ve, SRR HIE EREE b blA
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A= v A (6-7)3 2ol Aatd = Sl

vn—)ki = un + Zwk,-—m (5_7)

J#I

A4 DVB-S2 &) A= HNS(Hughes Network Systems)Afoll 4] A<k

st LDPC F3&3} dag]Fo] AQes]a Qo
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Al 5-3 A IEEE 802.16e9 A8¥ LDPC #3&

LDPC %34 H #de A7]= meg= Zdolo] Hlgste] AXA =
o Ao aEE ZEQE Zoldl 2000 HIE HEd sfFahs
H dds Adsts de 49 4o vixert dasA foh uabA
[EEE 802.16e Fu] QIE|Y =4 HFolAles dash vime] 379 as
Ae 71EH E=oEo] dogth oAl =HA™ VEE FolA AEw
NEe H 39S 22 4w 492 FRsto] AFsis dyelrh

oA FEI AR oled e AW AU AuAsE Y

o
ol
e

of
ol
2

A H B-el 285= WEYE FA2A7IE Aoluh o 3AE 7
= 98 da =AY WHeRs & AW dEs ofoldE Y FH
W MEFgY AZE= ofoldlE|E] HFHE AZetal shte] AeRAM oles
Aedets ol ol W o] AHg o e 2 Ao H d-E
dEsl 2 qtAe] FEm Aske Aol Jhesixith olgfg A2 4
o] FHg wlojx FHolet F-2u o] P& o= ofo]dE|E] FHI A
#e AZE= ololdlElE P e e Aart FAAA "n bt
ds S ofe ¥ 5-90A s} o] AHAv} sl AsiA= A

52

F

o
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] — 00|00
O (O Q|0
0101010
0101010
(| o) @ | 0 o 2 — 010|110
O | 1| 0| @ 0|0 |01
O [@) 1|0 " 0| @ |0
T L0 FL 0 0111010
1 —p By |0 | | 3 |1 (0|8
10 @0 010110
O | 1| 0| @ 0|0 |01
0 [@) 1|0 ' 6| @ |0
29 5-9. 24w AL Aels
Fig. 5-9. The small square matrix and index.
% 5-994 = & AW AEe] A77F 4x4 ]l & EUAAR Ly

Qo) 2717k F7hgel et wimel Aere] Eabi FkahAl Atk
soadol ] H 98e dojult apge wols @ide] gl Z7he] Y

25 Foyx A7]9] & AWPER vl €58 FIA o] FoA =1 o]
23 PAS o) A~:MAH(expansion)o] 2F F-E}.[23
HowmEol AlEg ol AlgH FFojo] Zolrl 2304, F-3HE 1/29)

LDPC 239 2~ Ad gde] 7= 96x96°]¥, I Permutatione 12
5-103} #t},
EoWHS DVB-S2 11249 LDPC ¥-3.9o Hoy} .

[ foalza[ [ | [ [ [ssfes] [ [7zJof [ [ [ [ [ [ [ [ ||
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27 22(79| 9 12
24|22 |81 33 0
61 47 65|25
39 84 4182
46 |40 82 79| 0
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a9 5-10. 24w PH=2 o] Fojx H matrix permutation

Fig. 5-10. The H matrix permutation with small square matrixes.
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Al 6-1 2 AlEH oA »EtrlE

A5 7IA] agaord ALgFe ot o A& 9lo] 8kbpset 32kbps?
W2 AEA] ZTyole] Aol 1536H|Eo|t}t. agrE AHYisd HE

o] ol#ES K=153622 1A 7|3, ElHES AL A] Double binary turbo

FoolBE 7684 8] Y Em, DVB-S2 LDPCS 79 K=7200°]%
1536HER FAE Zd < 4708 %, YA Z dummyH| o] B2 4938}
of Y s AT 19 6-1d= AlEHO|AE A% Zdd 7S
e AT
L1
LP stream 764 &8 bE) Double binary T 203y
7 »  framing Sy/rp =, turbo code ——>
1536 bits (K=768 symbols)
1
sl
N , 7200 bits LDPC code 2
| framing |7 (=7200bits) | 7

1536 bits ” 1536 bits ” 1536 bits || 1536 bits || dummy

a9 6-1. Al EYOIAS 9% Ty 7A

Fig. 6-1. The data framing for simulation.
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i 6-1. AlEdeold ey

Table 6-1. The simulation parameter.

Channel Codes

Coding Parameter

) G(x) (171,133)s
HP Convolutional code -
Coding Rate(R) 1/2
) G(x) (133,171,145,133)s
Convolutional code
Coding Rate(R) 1/2(punctured)
state 4 or 8
Binary Block size(N) 1536
turbo code [teration 5)
Coding Rate(R) 1/2
Double binary Block size(N) 1536
LP turbo code Iteration 5
(DVB-RCS) Coding Rate(R) 1/2,1/3, 1/4
Block size(N) 16200(K=7200)
LDPC code Iterat 30
(DVB-S2)
Coding Rate(R) 1/2
Block size(N) 2304(K=1152)
LDPC code Ttorat 30
(802.16¢) eration
Coding Rate(R) 1/2
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Fig. 6-2. The comparison of the BER performances by bit split

method in case of the double binary turbo code.
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Al 6-3 A A u 29 258 FAe] B2 AE
L]

I3 6-4= 16QAMeA HP 2E™3 LP 2EdH EF (2,1,7)
convolutional T35 ARESIHA agks WIAZS WY HsS HEd
Zlojty, g oA B aglo] 7ol wEbd HP 2EHE] Aee Fof
A= whdo] LP 2E® A 43yl 5S¢ 5 A= art 29
A 3,344 42 2 o vtk LP 2E¥S] A%o] BER 10'S 7Foz 7
7} 2.5dB, 2dB7} € 3E 91t}

a8 18 6-5% 16QAMoA HP ~E#HE (2,1,7) convolutional
B35 ARgsta LP 2=Edee A4 DMB =¥ (4,1,7)
convolutional &5 Ap&3fo] F3l&o] 1/20] 2 4 %= puncturing
st A2 Ade agzolty. 1Y 6-5%F 19 6-4° w9 AL
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HP:2,1.7), LP:2,1.7), 160AM, DATA=1000000

BER

| | | | |
2 4 5 5 I 12 14 15 1B
EsNo(dB)

1% 6-4. 16QAMA Al HPSF LP ~E® 9] A5
(HP, LP : (2,1,7) convolutional & AF&)
Fig. 6-4. The BER performance of HP and LP streams in case of
16QAM. (HP, LP : (2,1,7) convolutional code).
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; HP:(2.17), LP:punctured2,1 7), 16QAM, DATA=1000000

_________________________

__________________________________________________________________

|
2 f B 5 12 14 1 18 @
EsNo(dE)

1% 6-5. 16QAMOI A HPe} LP ~E¥ 9] A&
(HP : (2,1,7) convolutional =, LP : punctured (2,1,7) convolutional
H3)
Fig. 6-5. The BER performance of HP and LP streams in case of
16QAM.
(HP : (2,1,7) convolutional code, LP : punctured (2,1,7) convolutional

code)

LDPC -3 & ARESIlS W, A5o] Fokde & 5 Stk Double binary
turbo ¥FE BERE #hol 108 7oz &S w, 7|9 A4}
3 W3} Blasle] 2dB, Y] 6dBE %= =

C #sx 7]F9 #7439 DMB

-1EL
o

X
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& ZAeth s w3k delA 7P el §-47% LDPC
25 LP 2ER Y B35 WAoR A A4 HP ~E- ] 59

zol= 9] ko] 204 4= W3 w, BER 10 ‘oA 4.5dB, 8dB, 10.5dB7}

BER

uncoded
—— T-DME
s —— B-Turbo(
—=r— D-Turba(
D-Turba(
107 | —8— D-Turha(
—6— wlan
7| —%— LDPC(1/2)
0 2 4

142
142)

143 |-
144) |

EsMa(dE)

19 6-7. 1I6QAMel A LPe H 353} ve] wE A% v (a=2)
Fig. 6-7. The comparison of the BER performances by LP stream

coding method in case of 16QAM (a=2).

47



BER

10° | —B— D-Turbo
—&— wlan
1EI'? —%— LDPC{1/
0 2 4

19 6-8. 16QAMel A LPe H 5.3} vHe] wE A% v (a=3)
Fig. 6-8. The comparison of the BER performances by LP stream
coding method in case of 16QAM (a=3).
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BER

LI uncoded
—p— T-OMB
-4 — B-Turbo
—&— D-Turho
D-Turbo
107 | —B— D-Turbo
—&— wilan
7| == LDFC{1/
0 2 4

(172)
(172)
(143)
(144)

4

19 6-9. 16QAMel A LPe H 353} vHe] wE A% vl (a=4)
Fig. 6-9. The comparison of the BER performances by LP stream
coding method in case of 16QAM (a=4).

18 6-10& 64QAMOlA HP ~E"x LP ~EZH 2% (2,1,7)
convolutional H& & AMESIHA gl HIAFHS v AHsE veEd

Zolth, 64QAMo A= HP 2E¥HI} LP 2EHI] AMFeo =Hol7}

A HP 2Edo| glojAe= o B2 39 Jez LP ~EYo] A5
¥, LP 2E¥ tex @& njE9] stdoz st 435 1Hde] AsA7]
uj -0 o},

64QAMel A HP ~E#3} LP ~EHZ 4%¢ #to]E= BER 10 ‘91A a
o] zro]l 204 4% W wj z}z} 10dB, 13dB, 14.5dBe] A%< Ao]7}f
i
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. HF:(2,1.71, LP:(2.1,7), B4Q4M, DATA=1000000

BER
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5| — — LPa=4)

o 2 4 B S o 12 14 16 18 20
EsMoidE

a9 6-10. 64QAMeON A HPe} LP ~EH ] A%
(HP, LP : (2,1,7) convolutional 3 A}&)
Fig. 6-10. The BER performance of HP and LP streams in case of
64QAM. (HP, LP : (2,1,7) convolutional code).

a¥ 6-11%8 19 6-132 64QAMOIA HP ~Ed¥} LP ~EH It
s

o] zfolE Fol7] 9J& LP 2~EXe] HEst I} aghs

et LP 2ERe] Adeg g aZojn LP AER] H3.3)
W o g2 H3lgo] ZHE double binary turbo H3EE AFESIE S w9t
LDPC #3535 AMEsIS W, A5c] Fokdls ¢ 5 St} Double binary
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Esho(dE)

ST

Fromm - o T T hmn

19 6-11. 64QAMo A LPe F33} v wE A% vl (a=2)
Fig. 6-11. The comparison of the BER performances by LP stream
coding method in case of 64QAM (a=2).
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B40AN, 0=3
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19 6-12. 64QAMo A LPe F 33} v wE A% vl (a=3)
Fig. 6-12. The comparison of the BER performances by LP stream
coding method in case of 64QAM (a=3).
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1% 6-13. 64QAMON A LPY H 353t We] wE A% vl (a=4)
Fig. 6-13. The comparison of the BER performances by LP stream
coding method in case of 64QAM (a=4).
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