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ABSTRACT

In the beginning of satellite broadcasting systems, concatenate
coding schemes are considered as being the best solution for powerful
protection of digital information against nonlinear distortion and fading
noise. However, the performance of concatenate coding scheme is
away from Shannon’'s limit. The emergence of the iteration decoding
algorithms such as turbo codes and Low Density Parity Check (LDPC)
codes has changed our view of the Shannon capacity, the capacity has
become a practical benchmark for a coding system not only for power
limited channels but also for bandwidth channels. Therefore, the high
definition television (HDTV) satellite standards, known as The Digital
Video Broadcasting (DVB-S2) transmission system employs a LDPC
coding technique as a channel coding scheme.

Recently, an important issue is DVB=S2 system for mobility. The
Fast Internet for Fast Train Hosts (FIFTH) project in Europe aims at
providing digital TV and internet services to passengers of high-speed
trains based on DVB-S. To take into account the possibility offered by
the DVB-S2 specifications, the FIFTH project decided to carry out
investigation on the possibility to replace DVB-S with DVB-S2 in the
FIFTH forward link. Since DVB-S2 has been defined for a fixed
satellite channel, no countermeasures are present in the system
architecture for the system to properly work in presence of long deep
fading events. In deep fading channel, since error bursts are spreading
before DVB-S2 system, additional cascaded co-decoders are needed
while maintaining spectral efficiency. The channel interleaving and
Reed Solomon coding technique are required. This solution will be

adopted in the DVB-H standard currently under preparation, to adapt

vil



the DVB-T standard for mobile reception. Therefore, this thesis
analyzes the modified DVB-S2 system to adapt DVB-H and DVB-T for
mobile reception by satellite broadcasting system.

This thesis organized as follows. In section 2, several DVB
specifications are analyzed. Section 3 describes DVB-S2 for mobility
and Section 4 shows simulation results. Finally, section 5 gives

conclusion.
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Fig. 2-1. DVB-T baseline system block diagram
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Fig. 2-4. Bit mapping for non-hierarchical transmit mode
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q=0;
for (I =0;1 < Nmax;l+=1)
{

N, -1
H(a) = (imod2) 2" + Y R (j) 2! (26)
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}
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i=2:

R' [Nr-2,Nr -3....,1,0]=0,0,..,0,0
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in the2K mode:R’ [9] =R",,[0] O R, [3]
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Table 2-1. Bit permutations for the 2K mode

R’; bit positions(j) 9 8 7 6 5 4 3 2 1 0
R; bit positions(rule[j])| O | 7 | 5

¥ 2-2. 8K mode?d] HE

Table 2-2. Bit permutations for the 8K mode

R’; bit positions(j) 11/10] 9| 8
R; bit positions(rule[j1) | 5 | 11] 3
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Fig. 2-5. Symbol interleaver address generator for 2K and 8K mode
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th. UEPE AH&E 74, W Aux Booh #dste] tdd SRES

class£& AAToZHN failo] HA3= EA o

A Anlz 4 SEE vkl HAsd 4= 9lvh. DVB-H UEP7F Al

FTEA FETh ol FLI AHe| YEaAE Ha

F9E ougth AMEA YA = TRETF W2 HEEC] By HE A

et
o B “”m
20
0
-
to
s}
It
N
o
P‘L
£

of WAL ok 2 AL wAEA 2ot A3 o g8 FUAE
o §717} ol A% A7k WAL WA ¥ FE v

2.2.4. Multi Protocol Encapsulation Forward Error

Correction (MPE-FEC)

DVB-HelX= & 7)) <FHYE AREste] ole sals xol7] <ls)
MPE®} F7}4Q1 FECE AR&stal 9low, olelgh oF HIE 3she
Time Slicing St AW Saslch, gy, T4 9FE gutyo=n 3
U wkal st ko burstshAl HAYSE7] Wil time slice’b AT o F
| &8 4, i A82E g time slice7t A52 wj71x] F= A}
MPE-FECE 9 ZREZ ASoA DAt o /5 FiAo=
F4%tt. wekbd DVB-HE S8 HES g /E B 7lss 7HA

2
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A 2-3 A DVB-S2 13 A]

MODE ADAPTATION

BB
e T e Signalling gEEEEEEEREEEEEEEEEEEEmEEEg
Input =Null-packets| crc.g ";"""". E Dotted sub-systems arc &
interface Eé‘;"?g i| Encoder _1 LS 1 not relevant for H
Hi H
COMMAND! (__““")_. [ Famnmanad * single transport stream %
l\ngrger E broadcasting E
R U Ty | et T Shehe fcer * applications H
H §
Input i B Input g\putsneam y I : T : > FEREEEmEEEEEEEEREEEREEEEET
sovme [} e B botor 2000 1L L
N gt P
QPSK, PL Signalling & @=0.35, 0,25,
8PSK, - 0,20
rates 1/4,1/3,2/5 16APSK, Pilot insertion -
112, 3/5, 213, 314, 415, 39APSK.
516, 8/9, 9/10
Bit L
PYTTIIIT "
] P
Ep— BCH LDPC Bit mapper SCRAM i Bim‘er
b SCRAM futl  Encoder (=  Encoder o Inter- o |nt?| * | =133 Quadrature [T
H i BLER (MacnsKpen) (PiaperKiopc) | leaver "I‘;:‘i::s' y " Modulation
[ I— - | LFRAMES
STREAM snpertiong
ADAPTATION FEC ENCODING MAPPING || PL FRAMING MODULATION

LP stream i to the RF

BBHEADER > | > A
BBFRAME BC modes satellite
DATAFIELD channel

% 2-7. DVB-S2 A|~®H EZ%
Fig. 2-7. DVB-S2 system block diagram

2.3.1.LDPC #%

DVB-S2 LDPC It 9| parity check matrix¥ sparsed A &t%E Auk3A]
9] generator matrixi== encodings ¢ 3ste] et EE, ddbEe
linear codei+= parity check matrixE €3 7|9 generator matrixs=
Gaussian elimination method& AR&3ste] FtdstA =2 4 ok 1y
U 1 A} generator matrixi= © ©]4 sparsedtA] &t} o] AL AR &

23} encoding complexity A& oF7|gtt). uwEbd o7 = parity



check matrixZ® tS 2] 2.89] ez A g&A 71t}

H (- ) :lA(N—K)xK B(N—K)x(N—K)J (2.8)

o714 B v 19 2-89] ¥FEjo|H o]i= Low Triangular parity
check MatrixE e

1% 2-8. Submatrix of Parity Check Matrix

Fig. 2-8. Submatrix of Parity Check Matrix

Matrix AE cycle-4E Y3}, cycle-6= FH A3 A7]HA sparse 3FA
matrixe 7448, Z-2te]l 7] % randomdhAl EXEAIZIT

LDPCH-Z7]E FZEYE A7) Nge: €= (igrisendiy 10 Pos Prees Pry igpet)
AREZT7] Kool =(odyndy, 1) & F5330 m=9=9 AFe 9
Probes © 018wl A&k LDPC 2= sbebvlel (e, Kipe) = 3
2-33 E2-40] Fo]AT}t, E2-3L long frame ZAo]el N=64800¥ w2
F9 gt eloln | F2-4% short frame$l N=16200¥ o] =% stehH e}
£ YEhdY
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¥ 2-3. =9 d&HE (111de= 64800)

Table 2-3. Coding parameter (12, =

64800)

1/4 16008 16200 12 64800
1/3 21408 21600 12 64800
2/5 25728 25920 12 64800
1/2 32208 32400 12 64800
3/5 38688 38880 12 64800
2/3 43040 43200 10 64800
3/4 48408 48600 12 64800
4/5 51648 51840 12 64800
5/6 53840 54000 10 64800
8/9 57472 97600 8 64800
9/10 58192 58320 8 64800

X 2-4. 34 -‘—J:]'B]'UHE]’(HMPC =16200)
Table 2-4. Coding parameter (1. = 16200)

1/4 3072 3240 12 1/5 16200
1/3 5232 5400 12 1/3 16200
2/5 6312 6480 12 2/5 16200
1/2 7032 7200 12 4/9 16200
3/5 9552 9720 12 3/5 16200
2/3 10632 10800 12 2/3 16200
3/4 11712 11880 12 11/15 16200
4/5 12432 12600 12 7/9 16200
5/6 13320 13320 12 37/45 16200
8/9 14400 14400 12 8/9 16200
9/10 NA NA NA NA NA




Short(N=16200)

——R=1/4
—=—R=1/3
R=2/5

‘

4 X l —®—R=1/2
5 -4 % —¥—R=3/5
m

3 g

——R=2/3

) N O O I R  ma
i CEL N —— Resio
-7 —o—R=8/9

[«

-4 -3 -2 -1 0 1 2 3 4 5
Es/No

I3 2-9. N=16200¥ W LDPC = 3}&d w& A4
Fig. 2-9. Performance curves of LDPC with N=16200 according to

coding rate
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A 3 7 o]5A DVB-S2 &ig&

Al 3-1 A FIFTH A==

FIFTH+ Fast Internet for Fast Trains Hosts®] A& 114 dxbo] 45
A A Yxd dudely AP AMu|2~E AFstr] fstelt. FIFTH

= DVB-S ¥+& 7|Hte s A E AT

3.1.1. Train interruption g === =Y

e age J1A Aze] BEg e

o
o
v

Sleeper

/
Ballast

Ey/Ny

0.594sec

- . time

0.1006515:
a¥ 3-1. €3 A= 3

Fig. 3—1. Circumstance of train line
7127 A2 915 9 |, electronic line supporterel] 93] 9142 Al

w9 a7k QolubAl wedl, o oWe) NEe] A 1y 3-25h 2,

electronic line supporterd F71¢1 50mvelct A5 o 7H 7 G skl
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Attenuation relative to an 0.4 m wide obstacle in Ku-band

5 ; : . : ‘ |
| | [ [ [ [
| | [ [ [ [
| | [ I [ [
O et | ettty
| | A [ [ [
| | [ L f [ [ [
| \
| | [ [ I | [ [ [
B 5 —d— -+ — - -+ d— -4 - —
= | | [ [ I [ [ [
2 | | [ [ e [ [ [
E: | | | | oy Il | | | |
B et e L e R S
< | | [ [ 1 | [ [ [
| | [ [ \|‘| | [ [ [
| | [ [ I [ [ [
- S Y P | R T B T
| | [ [ | | [ [ [
| | [ [ | ﬂ | | [ [ [
| | [ [ | | [ [ [
20 \ t t I t t I I I
25 2 45 1 05 0 05 1 15 2 25

h [m]
19 3-2. Train interruption 73

Fig. 3—-2. Attenuation by train interruption

il

712ke] £57F 300km/hebal ohdl oh A 3,13 #o] £io) w9 s
m/s= VERd 4= gl

i

300x10°m
60mx60s

30km/h = =83333n/s (3.1)

=, 7Ab= 83.333mE XYty uwebA

wa) g o] A7 e 4] 3.29F o] Aatg

electronic line

supporter?] <

PN

T

1s5:83.333m = Xxs:49.5m

X = 0.594s (3-2)

Z12] 3l electronic line supporter®] <3FS



of WRy} ol AL 5

15:83.33im = x<:0.5m

x =0.006s 33)

Hlol8 ¢ &£%EE 5Mbpsdtal 3THH electronic line supporterd] <3 3FS-
w2 o= GRe] dloly #2 o 4 3.49F Ptk

5x10°bit :1s = xbit : 0.6s 3.4
x = 3x10°bit '

3l electronic line supporter® <3k

2] 3.59 #t.

W 7k Hold Fe the

o

5x10Pbit :1s = xbit : 0.006s
: (3.5)
x = 30x10°bit
electronic line supporterell €J3t burst ol#HE AHAs 7] 54
interleavers Al "o AH7le 4= 9l=d|, FIFTHA A= tS-3} o] a4

27HA e Algketal gl

3.1.2. FIFTH A|¢t==2

o] WL 7]E9o] DVB-S2 A~ FEC encode$ mapping Alo]ol
interleaver® #7}sl= WHolth. interleavers 7} OS24 electronic
line supportere] 2]3%t burst o|&E2 FEC decoderd] £o7}7] o &
AtElol FEC decoder?t olelE BA4E 4 A vk webA decoders

o] 7] &Bo]A M E burst AdHE AT 4 YTt
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DVB-S2 Tx

System
~ »| DVB-52 mode
o« & stream > FEC. — Interleaver |—P| Mapping |—D PL. Modulation |—»
< . encoding Framing
adaptation = |

1% 3-3. FIFTH A|¢t=d |
Fig. 3-3. Proposed model I by FIFTH

a2y decoding &arg] &l Al

i)

gol e Al AsE Folof SR
de-interleaver= 9#A H°o]HE decoding &g HFol FojoF st
de-interleaver WX 2] interleaver?] mulyts, & A dolH <
HIE $ubg Aok et Bk Ul Al Y interleaver®] ¥ DVB-S2 X
g 25 7Ivre R 3 5] dadss 86t RE A

37 $1s1A4& DVB-82 £#& 7480k Frhis ©dlol qrh,

1,E+00
1,E-01 e = e e Interleaving
%\ ‘ — depth [ms]
1,E-02 NN 12
\‘\ B~ —5—49
N X
118
E 1,E-03 X AN
o = = 236
A\ AN I ye—2353
1,E-04 %ﬁ —o—d471
‘ —589
1,E05 ) 707
1,E-06
3 3.1 3,2 33 34
CIN [dB]

% 3-4. Interleaving dojo] W& FIFTH 24 o] A&

Fig. 3-4. Performance of FIFTH model I by interleaving depth
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3.1.3. FIFTHA|¢F =49 11

Outer RS DVB-S2 Tx
—> Y e(; — " Interleaver "’ — >
code System

1% 3-5. FIFTHAI¢F 22 11
Fig. 3-5. Proposed model II by FIFTH

(

=)

S

o] WY& DVB-S2 Alxgle] ¢ whe]  oR REI(RS
interleaver® @Z4sle]l #3 7p58 B2 DVB-S299 &5+ A4S F
A & ¢ Y= AHo] ATk interleaver®?} de-interleaverd &, =¥
e A | a0 Ut

22t DVB-S2 AR o R385 HE&ge=wy o9 DVB-S2
A" HT 1Y 50| "HoltE wado] 3t

o] mule= thgdt & Ul ZFAe WA o R AjtH o] Utk o] &
3-1°l g.ofst3int.

L

=5

¥ 3-1.FIFTH A|etmel Apok

Table. 3—-1. Proposed model II option

DVB-S2 .
Modulation LDPC Coding Rate RS Coding Rate
QPSK 2/3 1023,975,48
QPSK 3/4 255,191,64
QPSK 3/4 233,191,32
QPSK 2/3 209,191,17

19 3-6, 3-7, 3-8, 3-9% FIFTH Al¢t =& IIo] thd+ FIFTHO A 3

74k s =rdeln
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PER

PER

1,E+00
1,E-01 . Interleaving
I | = depth [ms]
I I — I I
1.E-02 L HEEEEN ——11
N =59
NS 118
1B S == 235
\\ 272
1,E-04 276
K
L —308
1,E-05 \\ —=—325
\\
1,E-06
2,8 2,85 2,9 2,95 3 3,05 3,1
C/N [dB]
1% 3-6. QPSK + 2/3 + RS(1023,975,48)
Fig. 3-6. QPSK + 2/3 + RS(1023,975,48)
1.E+00
1.E-01 Ll L
SERS==—== —— Interleaving
——— ==
1.E-02 . "-—&gg depth [ms]
1603 LN = ~ L] —o—12
é%\ —F—59
1.E-04 AN 82
- 118
1.E05 == e
1.E-06 X
1.E-07
3.74 3.76 3.78 3.8 3.82 3.84 3.86
C/N [dB]

1% 3-7. QPSK + 3/4 + RS(255,191,64)
Fig. 3-7. QPSK + 3/4 + RS(255,191,64)
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PER

PER

1.E+00

Interleaving
1.E-01 depth [ms]
1.E-02 10
—F—51
1.E03 103
206
1.E-04 260
282
1E05 L 309
1.E-06
3.84 3.86 3.88 3.9 3.92 3.94 3.96
C/N [dB]
a9 3-8. QPSK + 3/4 + RS(223,191,32)
Fig. 3-8. QPSK + 3/4 + RS(223,191,32)
1,E+00
1,E-01
1,E-02 Interleaving
depth [ms]
1,E-03 oL
: ——628
1,E-04 i 73
! 814
1,E-05 —
1,E-06
1,E07
29 3 3.1 32 33

C/N [dB]
19 3-9. QPSK + 2/3 + RS(209,191,18)
Fig. 3-9. QPSK + 2/3 + RS(209,191,18)
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A 3-2 4 DVB-S2M At 2L

DVB-S2Meol A Aqkeh A| =8 55 thelo]ile vy 29 3-107 &
R,,,=300 kbit/s
1| UL FEC uL
- 1, 3/4, M Interleaver Ly _ R=4 Mbaud
12 2
z
................................... s C || LDPC+BCH PL1 PL2 MAP /
UL FEC uL L X\ w4, v3, v2, | Block U Time { MOD
3 2/3 I nterleaver I nterleaver PSK
41 34 I nterleaver g Q
N 12 2
8
Padding  e——

3 3-10. DVB-S2M Ak =2
Fig. 3=10. Proposed model by DVB-S2M

o] 719l Al UL FECE RS X3 o]a UL interleaver+ virtual interleaver,

p=R
=

PL1< Block interleaver, PL2+ Time interleaverS et A| 2~
Z tholo] 19 9] interleavero] tate] theel A A8 A3,

3.2.1. Virtual Interleaver
79 3-112 MPE-FEC Z#9J& YeEbdth Frames 7433 she]
198 SHER TAEY, columnd FE 255709 AlHE 4w 9]
I, column® Zol= Ha 1024719 AH7R FEFRo=w AA 7535},
CA] Lol A rowe] Aol 25542 uAEHA A, rowe JMeeE 3
1024709 AR-ZA fEHeR AA Jhesith wEA & ZEde] A
7t A

QEX

o>

71 #Y) o oM MEE

191709 A2 o]Fojzl Z¢ 9 RS 4w HE JEo|xn
64712 AHZ o]FofF Qe o2& HELS RS H o3t Aoz A
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At RS e F-Eolu

tolg 7k 19 Zeele] 7P Aol 1A% columns A-+HA <
z "F3ke] columnol] UlolEE AAEa, AFEA e Fio] AT
o] LR L ‘vow Y Wit

HolHE 25 AFsta & Fo, row @9E RS FostE At
191709] "ol AdS o]g3te] 64 Ao RS F2lElE vhETh F 53}
7} B HolEE column WEor = 71 9Z9 columni-E 7 &

EZ9] column7HA EFof g8HE &4 Add=z dEEh

il

6°)

Column # 0 ... 190 Column# 0 ... 63
] -t o
4
N
N

o2 & g

28 8 ol =

o o2 a Py o |2 =
o Q|2 I o 3| = og|I =
H B % oy = << é @ ﬁ
*olelald 52 et AT cle T
e =21818 3| & c 2| |®@ 315 5

QD
: 2125 = : (el £l ! =
: 2172 @ S lelelg g g
E) 2 : o 212128 <Nl I o
3 & m K B 5|2 g
'o % i o |l@la|a =|=n Pl
- N v Q - 1215|535 g. o (‘./,1
E e g3 S|5|8(8 n|g g
= a o | = s |26 |a m|e €
@ S| g = @ g ol5 3
' 5y g' Q ' S|8 0|3 El

[ % & g <" o|r 8

5 2

3|8 ] E]

Y
Application data table RS data table
(Layer 3 datagrams) (RS data)

1% 3-11. MPE-FEC Z#Y +%
Fig. 3-11. MPE-FEC frame construction

RS #3538 #AHe] AT 7 3 interleaver? de-interleaver H4 S
goiAnt, Ty doz AdHEHE TA FHEE TA7F Zol THAIH e
interleaver A o] EoJUX|= &7] w&FEol o]F ‘virtual interleaver' k1

sk,

o

3.2.2. Time Interleaver

1¥913-12% Forney7} A|¢t3l time interleaverd EHoZ, o7]|A [+=
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interleaver?] deptho]x M-S # X A7 7K1 g A A 39
A7]Z LDPCY dHolg HAol(N=162000% 1= & #HI M =

16200/D). 13]3l j&= time interleaver? <l@l o]t}

Receiver side
I N

L» g~ ]

13 3-12. PL#2 time interleaving

Fig. 3-12. PL#2 time interleaving

HIE do] Sojew wAu=z dAXH Afe] H=d olojx= A
ZEoll= 1 old e HALEEY sy ¢ B2 A FarE o o7
A A A GA 2 E A FAa7F glo] dolgrt viE dEET) 9
2~H+ FIFO (first input first output) #| X =B o]t} webr] z} Qld o=
el Rk A% Fart 9l

A z2E dlolE7F HA =l Yo AFA(commutator) U #H A
2HE 24AE H7IA Hal 2 AN 7 QdE ghol S EH
ARAZE I-1 AA dA=E Sl ARAs Al 0dA gASHE Fo}
7h oAl Al ARg

Time de-interleaver®] X% time interleaver®} uHttjo] 2= de-
interleaving A% time interleaver?] & AL F35HA o). wehA
=0RA dof AA=EI I-UEE 7B 3 A FAE A AL j=1-1
A A 2= A A4E 7P QA f

[e} Mo A7]= v #E3-29 #o] 871 & shv= A4 5 o

A&7} interleaver®} de-interleaverd] Z; #|A~EH Q] A= A %5
L AgAkel oste] FH = 4 A LEol= A% g3kol o] A A

Zbol " EASA = aL, A QAL v A 3-63 o] A 5 v



I x(l =1)xM (3-6)

Interleaver &9 Ald= okal FHo A 7te] UHo] UYAT de-

o] el Ix(I-DxM  mhEe] XAk

folr

interleaver $9] X5 = Al

o] A7]aL I veREe AR A4 glo] AddE 9EA A

¥ 3-2. PL#2 time interleaving A}

Table 3-2. Option for PL#2 time interleaving

M=8100 M=3240 M=1620

M=810 M=405 M=200 M=100
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Al 3-3 A A¢t3 Interleaver 2

DVB-S2Mel A= 274 174dol4 d5€ DVB-T4 <] bit interleaver9}
symbol interleaverZ A% 3l interleaverZ block interleaver®# A-&3k
t}. Bit interleaverE AF&3}l7] 98l E LDPC 53¢ N = 16200712 H|
olElE 3}y9] bit interleaverdl A 126712 Y o] Egdledof sl=d|,
16200719 ©lolH= 12622 vipo] "ojx|#] @of 72719 wlolH 7} &

A o] 126bitE ®E387] 8IAE 54719 “null” dHlolEE FH 7| oF 8t
I EYHE HE $E 162547000, dabg oz o]¥3k ¢Jolel “null” ©

oy o= dE &S 1.003¥ AsiA 7= AdE xSt
Symbol interleaver& A}&317] fsiA=
717v destrw 53gk 3| 27F daskA "
weba 2 mEe A s oldd BE 3ol BastA %¥al, LDPC F-35.9
o] ZAol(N = 16200l 238k block interleavers #¢rstil, o]& 17
3-13°l YEfH AT
A etstazAt 3= block interleaver:s 13 3-133 Zo] 3wt o4&
HE 98 XnXoeaXy 2 JF8T 4 9dal, X 9o doly Ao

(N=16200)%} #tt.

C1 columns
- Tt
%1 % 2 %3 X c1 :
% (c141) X (c1+2) % (c1+3) o Xoaxen i P
: : : " : | 2
|
|
L X ((R1-1)xC1+1) X ((RI-1)xC1+2) X ((RI-DxC1+3) 77 X (RIXCY) |y

13 3-13. PL#1 block interleaving 7%

Fig. 3-13. PL#1 block interleaving construction
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Row? 74 R12 LDPCE Holg ZAo](N=16200)% column® 7J+=
e gholth dHloly ol W JHE %] rowiE 7HE of#e]
rowZ7kA et E S50 HelEE A3t 250 volH® 3] A
Az H, g Hell ] columne] EHET. &9 2 wie oS ®ol
eyt A3} o] inter-column permutation patternsoll W} Z+ column©]
=¥

Block de-interleaveri= block interleaver® & o=z a3stH ¥
t}, 415 folg ¥ inter-column permutation patternsol] W} 19
el columnol AdElZ RS T R 9% rowiE 7 ol o
rowZ7kA] AE 2 dolHE &2 shd Hr).

A ersla =} 3= block interleavers 3% 3-3°4] yeERd nle} o] 4
7A€ AbFol 2l

C19 o7} 108} o]+ interleaving®a #}= T4 ¥+ Aola, 2,4, 8
9] 99+ “Inter-column Permutation Patterns”®] <=A4lol whg} do]¥]

= W% &} interleaving ¥t}

¥ 3-3. PL#1 block interleaver A}

Table 3-3. Option for PL#1 time interleaving

TTI Nimber of Columns C; Inter—column Permutation Patterns
<Plcio), ..., Plcici-»>

10ms 1 0

20ms 2 0,1

40ms 4 0,2,1,3

80ms 8 0,4,2,6,1,5,3,7
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Al 4 F AEYUNA R A5 BT

o] oMz <rellA] AwE DVB-S2ME EUiZ AlE# oA a3t Al
FEH ol A&k RS &+ RS(255,191,64)0]a, LDPCE H 23 &
o] 1/2%1 short LDPCE A}M&-3}3it}.

a2l 4-2489) A= 71E9] bit interleavere} AQHSF block interleaver
o] Ao vl AL, 4-343} 4-44el A 2z Ad ol whet RS
F359l LDPC H 359 A& %, Al 74 interleaverd A& /%, 18|
of
3L, virtual interleaverg AHE-3FS 749, virtual interleaver®] =7+

5122 1A 3ol AlEelolH 3gidt.

time interleaver®} block interleaver®d = 7|E WH7ASHA Al EH oA

[¢]
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Al 4-1 A AlEHA AE

Ad 374E Gaussian AE 3H7E 3 train interruption HE I}F S A

3Rk o 7]1A train Interruption®] €%k oge] dol= 13000 bitsZ A
Aste] AlEH A Sl =H, 1 olfr o7]dlA AREE RS ZE9 oY

A =2O 39%bhyteso]dl, virtual interleaver® = 7]E 5120]7] wj&d

fLE

olg]e] ZolE 32x8x512= 1310722 714 &t Al Edo]A 33t

v ldpc + no itlv

BER

Eb/No{dB)

19 4-1. AWGNZ} TIgH el A DVB-S2 445337}
Fig. 4-1. Performance of DVB-S2 under AWGN and TI

a9 4-12 train interruption 3HE I AWGNe|A DVB-S2 129

LDPC H3&wt o] &3l A%< 7l =fHdolt}. Train interruption &7

oA LDPC #3z° Aol dAs Hoigds & 4 vk w&bA ULY

iitss
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—&- AWGHN
—— TRAIN

BER

EbiMa
I¥ 4-2.UL F-Sa s A

Fig. 4-2. Performance of UL coding scheme

a9 4-204 B vke} Zo] train interruption 3HFoA RS BRI+
d4=o2 geE AT F ges & F Qo o7]elA  virtual
interleaver® A}&3F o] train interruption o#]& RS I =7} AAE

T AEs BV fsA ol
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A 4-2 A 71&9) block interleaver?} A|¢FE block

interleavery A% v

DVB-S2Moll A= 27 1del4 A5 DVB-TZ €] bit interleavers}
symbol interleaverE Z ¥ 3l interleaverE block interleaver® A}-&3F
t}. Bit interleaverE AFE3}l7] 98l E LDPC 53¢ N = 16200712 H|
olHE 3}yl bit interleaverdl A 126712 o EZsFofofk sl=H|,
1620070 ] dlolElE 12602 ol Wo] XA gFol glejo] “null” dle]E
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_; comparison between proposed block interleaver and DVB-T interleaver(vt x)
10

-5 block tm 162
- —— bit tm 162

a9 4-3. 71¥9] block interleaver?} #|9+3et block interleavere] A5 H]
al
(RS(255,191,64), LDPC(R=1/2), time interleaver depth 162, train
interruption)
Fig. 4-3. Performance comparison between proposed block interleaver
and DVB-T interleaver
(RS(255,191,64), LDPC(R=1/2), time interleaver depth 162, train

interruption)
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; comparison between proposed block interleaver and DVB-T interleaver(vt o)
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depth 162, train interruption)

Fig. 4-4. Performance comparison between proposed block interleaver

and DVB-T interleaver

(RS(255,191,64), LDPC(R

1/2), virtual interleaver, time interleaver

depth 162, train interruption)
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18 4-5. AWGN 7 3o A LDPC(R=1/2), Block interleaver® =7]7}
8 ¢ Wi, time interleaver A7)0 W& A=
Fig. 4-5. Performance according to time interleaver depth under AWGN

(LDPC(R=1/2), block interleaver size 8)
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a9 4-6. AWGN 27 3ste Al LDPC(R=1/2), time interleaver =17] 162
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Fig. 4-6. Performance according to block interleaver size under AWGN

(LDPC(R=1/2), time interleaver depth 162)
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19 4-7. AWGN 34 3ol A RS(255,191,64), LDPC(R=1/2), block
interleaver® 37| 8, time interleaver® 7| 162 4 W, virtual
interleaver {50 W& A=
Fig. 4-7. Performance whether virtual interleaver exists or not under
AWGN (RS(255,191,64), LDPC(R=1/2), block interleaver size 8, time

interleaver depth 162)
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rs + ldpc + vt+ bl§ + awgn
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a9 4-8. AWGN 374 stell Al RS(255,191,64), LDPC(R=1/2), block
interleaver® =7| 8, virtual interleaver7} =& i, time interleaver?]
7)ol uE A%
Fig. 4-8. Performance according to time interleaver depth under AWGN
(RS(255,191,64), LDPC(R=1/2), block interleaver size 8, time

interleaver depth 162, virtual interleaver)
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a9 4-9. AWGN 37 3fol|A] RS(255,191,64), LDPC(R=1/2), virtual
interleaver &7, time interleaver2] 37] 162¢ W, block interleaver]
7)ol wE A%
Fig. 4-9. Performance according to block interleaver size under AWGN
(RS(255,191,64), LDPC(R=1/2), time interleaver depth 162, virtual

interleaver)
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% 4-10. Train interruption 37 3s}ollA LDPC(R=1/2), time
interleaver 37] 162 ¢ Wi, block interleaver 7o W& A%
Fig. 4-10. Performance according to block interleaver size under train

interruption (LDPC(R=1/2), time interleaver depth 162)
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2% 4-11. Train interruption 27 3s}ol A LDPC(R=1/2), block
interleaver 37] 8< uj, time interleaverd = 7]o] W& A%
Fig. 4-11. Performance according to time interleaver depth under train

interruption (LDPC(R=1/2), block interleaver size 8)

43



RS + LDPC + bl +tm1B2+ train
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% 4-12. Train interruption 374 3s}oll A RS(255,191,64),
LDPC(R=1/2), Block interleaver® =17] 8, time interleaver® 7] 162
o u virtual interleaver 5] W& A%

Fig. 4-12. Performance whether virtual interleaver exists or not under
train interruption
(RS(255,191,64), LDPC(R=1/2), block interleaver size 8, time

interleaver depth 162)
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1%l 4-13. Train interruption $H7 3ol 4l RS(255,191,64),
LDPC(R=1/2), virtual interleaver, block interleaver Z7] 1¥ Wi, time
interleaver®] 7)o W& Al
Fig. 4-13. Performance according to block interleaver size under train
interruption (RS(255,191,64), LDPC(R=1/2), time interleaver depth 1,

virtual interleaver)
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% 4-14. Train interruption 374 s}l A RS(255,191,64),
LDPC(R=1/2), block interleaver?] =17] 1, virtual interleaver”’} &2t
W, time interleaver® 7)o W& A5
Fig. 4-14. Performance according to time interleaver depth under train
interruption (RS(255,191,64), LDPC(R=1/2), block interleaver size 1,

virtual interleaver)
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Fig. 4-15. Performance according to time interleaver depth under train
interruption (RS(255,191,64), LDPC(R=1/2), block interleaver size 8,

virtual interleaver)

47



rs + ldpc + vt + tm162 + train

002 004 006 008 01 012 014 016 018 02
Eb/Mo

0

Fell Al RS(255,191,64),

S

<7

¥ 4-16. Train interruption

LDPC(R

1/2), time interleaver”} 162% W block interleaver = 7]l uwh

JJo

il

Fig. 4-16. Performance according to block interleaver size under train

interruption (RS(255,191,64), LDPC(R

1/2), time interleaver depth 162,

virtual interleaver)
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