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ABSTRACT

Efficient support for digital broadcasting (DVB) services in mobile
systems is crucial for mobile operators and broadcasters. Several DVB
systems are currently in development internationally, to meet these
challenges, and there have been several competing standards proposed
(T-DMB, DVB-H, S-DMB) with different characteristics and
performance. DVB-H(Digital Video Broadcasting for Handhelds
terminal) is a relatively new data broadcasting standard that enables
delivery of various Internet Protocol(IP) based services to mobile
receivers. The DVB-H standard, which is based on and compatible with
DVB-T(DVB-Terrestrial), introduces a solution to problems caused by
mobility and a long-term fading channel. The DVB-H standard, MPE-
FEC (Multi-Protocol Encapsulation-Forward Error Correction),
includes Reed Solomon (RS), combined with virtual interleaving, to
compensate for a long-term fading environment. The DVB-T physical
layer also consists of an additional in—depth interleaver that serves as
a block and time interleaver, to compensate for a long-term fading
channel.

In this thesis, we described DVB-S2 system for mobility. Cross layer
coding technique are needed to maintain the performance in deep
fading channel. Cross layer coding is divided into two kinds of level.
First level is Physical layer coding and, second layer is link layer or
upper layer coding. Fixed on DVB-S2 short frame coding method as a
physical layer, this thesis shows the simulation results for various
coding method as an upper layer coding. Furthermore, for research on
optimal cross layer coding method, this paper analyzed the
performance of each coding method on according to mobile vehicle

speed, data rate, interleaving memory size, and IP packet size.



From the simulation results, perfect frame synchronization was
assumed, as well as perfect symbol timing recovery, and this thesis
summarized the important results. First, the most important result was
that virtual interleaving is a crucial component for improving the
performance in a long—term fading channel. This thesis confirmed that
the performance is improved by increasing the virtual interleaving size
and train speed. Second, this thesis concluded that the larger the
virtual interleaving size, the greater the range of data rates provided,

and the smaller the IP packet size, the better the performance.
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DVB-HelM= & 7he] qteluE AREste] ols ala 3017l 918
MPES} F7F4Ql FECE Ahgsti glom, oyd oF HIE bt
Time Slicing Fell ARt frasteh. 2y, FA4Y o7+ A o= st
U Al stA] ko burstdbA ZAE7] wWFo time slice’} A &
o =3 4%, dd Mu]l~A= Y-S time slice’} A" wj7zpbx] F X H ),

2

MPE-FECE: 49 ZagZ AZold wAshs ] 072 BiAo
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tlo

A3t melq DVB-He 83 HEE gt /1 »E 7]5S 714

stream mode®l A 714 ¢ FEC MPEG-2 TS Al A~ElS ALg3te] a1
ol AFANME B glE ol Hduld Aujxe AlFe] shEsitt
WorldDAB ¥#e = &4 DVB-He9 #ASF DAB %59 &3S 19
skal glar, DVB-Te} DVB-S &4 AF&-8kal 9l MPEG-2 TS RS

-2 AEs Au[5][8]

Al 2-2 A DVB-T 744 &4

DVB(Digital Video Broadcasting)©= F 4938 UAd B9 XFo0 7 7
=2 94(DVB-9), FAMDVB-0), A43HDVB-T) AZes o]t
MPEGII E#o] A4 TV AHZ=E 948 & A3

DVB-T= A3 o] & 33sk Orthogonal Frequency Division
Multiplex (OFDM) ®21& ARg-gth DVB-TE WIESA dAd uhepA
2K/8K modeE A ¢ati=d], 2K& 1705719 ME aAide] &S o]
AFekaL, 8K 6817709 AH AQde AES vro] gt

DVB-TE VHF/UHF thelx s2Aetnz, x4s gHgelx] wAshes
fading, multipath propagation, @9 &A% 537 o8] 71x] A=
213} Co-Channel Interference (CCD®} Adjacent Channel Interference
(ACDOll w3t 23 nsrh dasi. Ad e ods ZAshy] 9%
oF ZJZ& H]—tg_g_i
Correction)& AR&&th 4l oA = ot S /FE A7 faiA
Q8 R 33k outer coding)® RS(Reed-Solomon) codingS W% H353}
(inner coding)® A% {3 3k convolution coding) & A& 3},

2% 2-6°]1 DVB-T Al=gle] FA15-9] AAAS 5555 e

¥ 7 AlF+Z (hierarchical mode)Z W8] ¢ splitters A3l

A" 27 AA = (Concatenated Forward Error

O
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MPEG-2 HlolEHE EgAel o%F AHA X 35317|(FEC: Forward Error
Correction)& Atk WA =9 #AHs 5408 W3H(randomize)
# dolHE 9% RS FEs7lE AR v lF A% FostE sk 7
Zro] Qg Fagt Fol= A3 ol (burst error)7t A W& v s
interleavings 3}A] ®t}. Interleaving ¥ dleJE& QPSK, different
level 16QAM, 64QAM To= WxE 3 £ 2K moded w 1705, 8K
moded ™ 6817719 Ao Wxd AHES o] OFDM W2low dE
H} [4]

1 MUX
adaptation Outer Outer Inner

Energy | | coder [ | interieaver [ | coder
Transport dispersal
MUXes

MUX
adaptation juwi Outer jmi Outer i Inner
coder interleaver coder

PEG-2
.
source coding and multiplexing dispersal

Toaenaj
Guard
iner Ly e ] Frame L ey L H oa

interval I Frontend
| interieaver adaptation insertion

Pilots &
TPS
signals TERRESTRIAL CHANNEL ADAPTER

3 2-6. DVB-T baseline system 5%
Fig. 2-6. DVB-T baseline system block diagram.

DVB-T Al&82 94, AolEs o83 Anlxet 284S #4517
st FEIHF 95 interleavinge ¥Z o= 3t} T3 2K moded}

=
8K mode”} =8 2K modew @ 7] &8 T Agtd dEAZE

SFN % 25 Abgd = gloem Ad g4 st dF HE &5 A

or 187 bytes Randomized Data 16 Parity bytes

19 2-7. Data packet 7%
Fig. 2-7. Data packet structure.
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DVB-TA| =8I0 A A}-gg o5 39S FaH RS(204,188,t=8) Z=%&
ARgEH o] = RS(255,239,t=8) AE=E o] &3l HA 4S5 vk
a9 2-79 o] 9N AHE o]&dte] 16Mbo|ES o F HAE A
Adsle] 4r dlolE 188 nlo|EE Eg F 204 wlolES] &Y S A
Hrt. o] o IYE o] &3te] F 8 WolES] S/E HE, &

At [4]118]

Of

0 0 0 0
i 5 LT Tl T
[ - =] .
sl 2 [ | O\ e\
T — T - [merr T
.m 10
S B N 50 B N .
FIFO shift register / Outer Interleaver Outer Deinterleaver

13 2-8. 9% interleaver®} de-interleaverd] 7|5 EE%
Fig. 2-8. Outer interleaver and de-interleaver block diagram.

9% interleaver: 19 2-83F #o] “Forney” 'W2]¢| convolutional
interleaverg& AR&3dte] F7]91E & wdE F|=EE AREE 204
bytes @99 packets interleavings 3Htl. 127§¢] branch® T4 % o]
9lom Z} branch® 17 bytesxn, (n=0, 1, 2, ..., 11) @9 A= z}z}
THEY dE=Y 2= MR 578t FARY DVB-T A 2&q2
o3H8 1/2% 64 state A% Z=E VIRt w g theFe HlE9 AW
|
o
5

NI/
ofr i

=5 AEh o|FA ForA g AuH| 29t ol
gt A4ds] Fasks(1/2, 2/3, 3/4, 5/6, 7/8)& AT F Utk
9] }‘g/‘é qg—é}% G1:1710ct 9’]’ G2:13300t O]lﬂ—

boobor |, Bt | 8508,
00201y nterleaver 221
10

)

]
BN
N
2=

S

rir
K
I

Bit a,,,8,
b1obirvy| |nterieaver - 2eBin HaesTR
T YooY20Ya0
— bs5.01: Bit 3508541 Ly s
— Interleaver Ly ¥
XoX Xagf pEMUX 12 Symbol |YeYirgl ppanoin
Bit Interleaver|
byobysie Bl [yl
[ - Interleaver ——— <
I:-} Im{z} convey
\nteﬁéaver Y10:Ys0¥s0
b, 0,044, 14 40,84,
Bit
*| Interleaver

1% 2-9. Non-hierarchical A% mode?] bit mapping
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Fig. 2-9. Bit mapping for non—hierarchical transmit mode.

W& interleaving= bit interleaving®} symbol interleaving® 2 4 %
3 Wz we} bit interleaver?] H4E Agsle] Algsitl a9 2-
9el Al interleaver®] Y& HIE X i= ofefe] 2] 2.13 o] Hr

@2.1)

Xy= bdi(mod)v.d[(d[v)v
di = theinput bit number

o] 7]ol Al v=2(QPSK), v=4(16QAM), v=6(64QAM) ©]Tt}.

Bit interleaver?] &% Z7|i= 126 H]Eo]lal Z}7to] bit interleaver]
Y BE HE s ve A 2.29 o] Aojdnh
B(e) = (bep ey bes besoos bes2s) (2.2)
714 e =10, =+, v-1} o]tk

W3k interleaving® &% ME Al(e) = (@c0, @c.1, de2, @3, ***) Ae125) ©

Us A 2.33% #Zo] Aold

ae.w = be.He(w) (23)
A7 w=0,1,2,3, -+, 125 o]t},
He(w)i= 7} interleaver?] =@3tolal v 2 249 o] Yehd 4
3
I0:H,(W)=w
I1:H,(w)=(w+63) mod 126
12:H,(w)=(w +105) mod 126 v
13:H,(w)=(w +42) mod 126 @4
I4:H,(w)=(w+21)mod 126
I5:H(w)=(w +84) mod 126.
Symbol interleaverE 3dl+= &AL bit interleaving® HE dES
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1512 (2K mode), H+= 6048 (8K mode)7l 9] carrierE=® grouping d}7]
2 golt}, Symbol interleaverE 1512709 dolg Al tidto]
interleavingS =3 gtt},

2K mode®l 4= bit interleaving® ol 12x 126715 Aoz 9]
o] symbol interleaver®] 48 ¥H Y = (vo, v, ¥V v =, YVisi)E

W=7, 8K modeo| A= bit interleaving® H]o]E 48 x 12671& &=A44 2

= ¢Jo] symbol interleaver®] 4= HE Y = (o, v, V2 Vs LY
s047) = THETH
Symbol interleaving®l ®E Y = (yo, y1, Y2, ¥3, ", YNmax-1)T Tha 2

2.5¢F o] Aot
Yug = 'y for even symbols for =0, ..., Nmax -1

2.5
Y4 = ¥ for odd symbols for =0, ..., Nmax -1 23)

o] 714 Nmaxt 2K mode¥ 74 9-15129]31, 8K mode¥d 7 -9-60480]t},

H@E B 4 2,65 o] JoHE a8 ol

q=0;
for (I1=0;I < Nmax;[+=1)
{

N,-1
H(q)=(imod2)-2"" +2Ri(j),2j (2.6)

J=0

if (H(g) <N ,)q =g +];

o] 714 Nr = logsMmax, 2K mode¥ 7d9-ol+ Mmax = 2048931, 8K
mode¥ 7ol Mmax = 8192°]th2K moded 7-%-9} 8K moded 74§
o R(PE F 2-13% 2-2¢ Aostala, Fel BAE Ri= vh& 4 2.73%
ol AoHtt R = Nr-1 719 HE Z7|E zZtet)h o & £9 2K mode
M= 10 HES A7]|E zhet)

et
o
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1=0,1: R'[Nr-2,Nr-3,...,1,0]=0,0,...,0,0

i=2: R',[Nr-2,Nr-3,...,1,0]=0,0,...,0,0

2 <I<Nmax:R'i[Nr-3,Nr-4,...,1,0]=R'i[Nr-2,Nr-3,...,1] @
in the 2K mode:R',[9]=R', ,[0] @R’ ,[3]

in the 8K mode:R',[11]=R', ,[0]®R', [1]®R' [4] DR',,[6]

F* 2-1. 2K mode?] HIE +<

Table 2-1. Bit permutations for the 2K mode.
R’i bit positions(j) 9 |8 |7 |6 |5 |4 |3 |2 |1 |O
Ri bit positions(rule[jD {0 |7 |5 |1 |8 |2 [6 |9 |3 |4

¥ 2-2. 8K mode?] HE <
Table 2-2. Bit permutations for the 8K mode.
R’i bit positions(j) 111109 |8 |7 |6
Ri bit positions(rule[j]) (5 [11]3 |0 [10]8

o1
w
\\]
—
o

(@)}
O
\\]
o
—
-

A B interleaving d1g]&S EAHow gdsd 19 2-109 7).

¥
Control |- oBlFEPRUBPRERIT

unit | \ wires permutation R
MSB 10
skip address |, 11
check
Hia)
V/

(a) 2K mode
(a) 2K mode
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Control 1Mo B 7B MW BRNMI
Unit wires permutation R

MSB ¥ 12

skip address 13

check S—

(b) 8K mode
(b) 8K mode
18 2-10. 2K and 8K mode symbol interleaver T4 2A17]
Fig. 2-10. Symbol interleaver address generator for 2K and 8K mode.
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34 At

A 3-1 A FIFTH Aj¢t=dd

FIFTH:= Fast Internet for Fast Trains Hosts®] 2FA}
Ao A HAd dAgu]dolyt IHY Mu|~E A|lFstr] $sto|t}t. FIFTH
+ DVB-S %S 7|Hte s AU

fr
k1
Jpx
ne
N
lo
ol

f

3.1.1 FIFTH A2 |

DVB-S2 Tx
System

DVB-S2 mode
o 09 | ¥ oo
a&&:;;ziaigqn > encoding —» Interleaver Mapping Modulation —»

a3 3-1. RIFTH Aer=d |
Fig. 3-1. Proposed model I by FIFTH.

YV Y

o] WL 7]&E9 DVB-S2 Al~®Hl9] FEC encode® mapping Akl
interleaverE 7}st= WHolt) interleaverE #H7Fg o 24 electronic
line supporterdll 28 burst ol#E2 FEC decoderdl] £°17}7] el &
AFE]o] FEC decoder?} ole1E AAE 4= A dvk. webx decoderE
oz 7 Bolx EaME burst HE A 4 At 23y, decoding
dag]Fol AFAo] A= Al AlFTE Folof FEE de-interleaveri=
AFA Ho]E|E decoding &alg]Eol FojoF 3lal, de-interleaver WX
2]+ interleaver®] muljvtE, & AWAHE dlo|E Y HIE FwRbg Fof g
oh gk UIE A9 interleaverd] A El> DVB-S2 Z#H ¢ Fx& 7[9o

}
2@ B/ QweEFs aTdnz AY dmuE 40 i
]
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1,E+00
1,E-01 e =N Interleaving
T : =
~ — depth [ms]
1,E-02 N A ‘ ——12
N =49
A} X
118
& e L
o X y 26
NS I —e 353
1,E-04 %ﬁ ——471
: ——589
1,605 ® 707
1,E-06
3 341 32 33 34
CIN [dB]

18 3-2. Interleaving Aeo]d] W& FIFTH 24 [9 A&
Fig. 3-2. Performance of FIFTH model I by interleaving depth.

3.1.2 FIFTH A|¢=22 11

Outer RS DVB-S2 Tx
—» ue; —'( Interleaver }"‘ —
S System

19 3-3. FIFTHAeF 24 ]
Fig. 3-3. Proposed model II by FIFTH.

o] WHe DVB-S2 AlzEle]l o el 9F RERS AE)9}
interleavers 4ste] 4 7bestE® DVB-S29t9] FEH= A& 4
A g 4 Atk FHo] At interleaver®t de-interleaver? ¢, &¢
e AaA 8 g9l ‘0’ ‘el 1#y DVB-S2 AlaEe] ojF R&
5 A8ForM olxde] DVB-S2 Al&HIET B g8 Hojxivk:s
Aol itk o] Edle= vt e vl 7EA Y] WA o2 AbE o QT
ol& ¥ 3-1ol LoFatdct. [11[9
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¥ 3-1. FIFTH A|etmal ALk
Table. 3-1. Proposed model II option.

DVB-S2 .
Modulation LDPC Coding Rate 5 Ceciiog It
QPSK 2/3 1023,975,48
QPSK 3/4 255,191,64
QPSK 3/4 233,191,32
QPSK 2/3 209,191,17

1% 3-4, 3-5, 3-6, 3-7= FIFTH A|¢F 29 1[0 tjd+ FIFTHol A 3

Interleaving
depth [ms]
——11
——59
118
235

PER
=

A

e
n
/

N ] —¥—272
1E-04 ——1T6
308

——325

pe

2,8 2,85 2,9 295 % 3,05 31
CIN [dB]

19 3-4. QPSK + 2/3 + RS(1023,975,48)
Fig. 3-4. QPSK + 2/3 + RS(1023,975,48).

Interleaving
depth [mg]

——12

—E=50
82
118

PER

—¥—149

3.74 3.76 3.78 38 3.82 3.84 3.86
CIN [dB]

13 3-5. QPSK + 3/4 + RS(255,191,64)
Fig. 3-5. QPSK + 3/4 + RS(255,191,64).
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Interleaving
1E01 depth [mg]
o e e ;

(g e T T = ==10
1 === “"—'éa% =851

4 1 el T T T ! S A
. 103
- 206
i 260
G282
e 309

CIN [dB]
19 3-6. QPSK + 3/4 + RS(223,191,32)
Fig. 3-6. QPSK + 3/4 + RS(223,191,32).

1,E-02 Interleaving

- = = depth [ms]

x =5 —e—524

i ===

o = i (328
1,604 E

e =

s e — e e e |
814

29 3 3,1 32 33
CIN [dB]

19 3-7.QPSK + 2/3 + RS(209,191,18)
Fig. 3-7. QPSK + 2/3 + RS(209,191,18).

A 3-2 A DVB-S2M A¢t =
DVB-S2M| A #|tgt A28 E5F toloj19e tfg 19 3-8
t}. o7|olA UL FEC+= RS H#3Zo]az UL interleavere virtual

mlm

interleaver, PL12 Block interleaver, PL2¥ Time interleavers e
t}. Virtual interleavert= 5% o)A A A5] AH35}H, Block interleaver®

Time interleaver & UgolA AW =s 3FSIT}.
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R, =300 kbit/s

1| uLFEC || UL
4 1, 3/4,  Interleaver L _ R,=4 Mbaud

12 ;
.................................. .y LDPC+BCH PL1 PL2 MAP/

wLrec 1oL L % Al 14, 13, 172, | Block I Time { MOD Ly

L 34 Interleaver g 2/3 Interleaver || Interleaver QPSK
- s 9t B ®
N 12 E

8
Padding  e—

19 3-8. DVB-S2M A¢k =g
Fig. 3-8. Proposed model by DVB-S2M.

3.2.1. Time Interleaver

1% 3-9% Forney’} A|QFS time interleaver?] EHFo 2, o714 I+
interleaver?] deptho]li M-S X A2EH7F 7K1 & A 4 e
712 LDPCY Hole Zol(N=1620008 12 v g ZM =

16200/1). 18] 1L j+= time interleaver® <ldl~o|t},

Receiver side

N

23 3-9. PL#2 time interleaving
Fig. 3-9. PL#2 time interleaving.

e

m
ng
o,
i

oo FAURE HAZE AAo] H=H o]ojA= #A]
2Hl= L olde] HAEHEY sy o B A% AT A dAx
E]:= FIFO (first input first output) #|A|=E ot} upepA ZF Qe o=
el FrbEo) A AA7E vk A2 HolH7E HA| AHlA e
47 AHcommutator)= the HAIZE R 29AS F7A Ha o dA =
HolA 7Hd Qe gho] 99t ARAE I-1 HA dA2H o A
FARE oAl oA EA =B R Eolb7bA thA] AlERRITE Time  de-
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interleaver?®] %2 time interleaver®} AHbto]m & de-interleaving
4% time interleaver®] 9 IS F3shA dv) webA =0 A 49
A =E7F -1 7P 2 A AAaE 7EAAL Al =1 A g A~
He A% Fa2E 7FA2 A &) 19 M| A7)+ o 3 3-29F Zo]
87 = stz AAET 4 vk 21&7} interleaver$t de-interleaverd]
Zh dA =B o Atz AFEar Al oste] FE¥E =T 2b gA s
Hol= A% gzteo] lo] AdAze] WA Al Hal, A A s 2

3-13 o] AL

o)
%

4»

Ix(I-1)xM (3-1)

Interleaver %9 A&+ 43 Ho| xAAZEo] Yy o] Yx|9 de-

interleaver 9] Ao &= 2159 o] Ix(I-)xM THEo] R AAZE
]

o] A7al 1 v FE= AaE A4 gle] Atdviz ¥ EA du [9]

¥ 3-2. PL#2 time interleaving A}%
Table 3-2. Option for PL#2 time interleaving.

=1 [=2 [=5 [=10
No time Int M=8100 M=3240 M=1620
[=20 [=40 [=81 [=162
M=810 M=405 M=200 M=100

3.2.2 Block interleaver

DVB-S2Mell A= 2782 Al 2-24o]A <ddF¥® DVB-TA9 bit
interleaver®}  symbol interleaver® A3 interleaverE  block
interleaver2® A}g-3t} Bit interleaver® AFE-3l7] 91314 & LDPC ¥
o N = 16200709 dlo|HE 39 bit interleaveroll A 126712 Y+
ol &elstolof shi=dl, 16200782 ElolH= 12628 o] Holx«] ¢
of 7271¢] dlelH7t WA o] 126bitE WSS flEA= 54719
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“null” HelHE FH7bsliok stal ¥ HE HE = 16254700tk 234

o7 o]y3 oo “null” "ol ez AL &S 1.0038) AFHA|

7= A= Z 3t} Symbol interleaverE AME3E7] YA E FAE

WA 7= A HA77E desteR Baek 2o daskA @2
2=

]
wollM = oleldk 3& 3ol Faskx @i, LDPC

wh2bA], ke
o]o] Zol(N = 16200)° #3g3 block interleaverE #|¢tstar, o] 19
3-10e “ER AT

Aot} &= block interleavers 1% 3-10% Zo] 3t} ¥

HE AL X ,X 0,0 Xy & ZET 5 33, X 9 Holy Zo

(N=16200)¢} 2t}

C1 columns
T TS T T T T T T T T e T e e "_?
Xi1 Xin Xi3 X :
... I
Xi(Cle1) Xi(Cl+2) Xi(c143) Xigaxen |1 &
. . . . . : %
|
|
| Xiwienxey Xirexa) Nirionxens) T Xirixan )

19 3-10. PL#1 block interleaving 1%
Fig. 3-10. PL#1 block interleaving construction.

Row®] 714 R1> LDPCe] dlel¥ Ze](N=16200)E column?] 7|42
e gteltt. Holy o] J¥E™ 7 $1%9 rowiE 7P of#f o
rowZ7HA ZFeldi 2 S5 HolHE Ad. 55| tlolE Rz ¢33 Al
AZ H, & Hell e columno] E¥EY. &9 A we ths Fe o
bt A3 Zo] inter-column permutation patternsell @&t ZF columne]
=9 =} Block de-interleavert block interleaver®] & 34 o= <=3}
A wHoh =A% golE ¥ inter-column permutation patternsel] wh
g o] S FE= columndl HElZ A3 T 7 9129 rowd-E 7

ol#) 9] row7}A] zFEZ HlolEE ="l B}

|

o

)
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¥ 3-30A et i} o] 4
7R Aol tt. Ci9 Zolrt 1o]#tH o] interleaving@ s TA
= Zolarl, 2, 4, 89 A9-ol¥ “Inter-column Permutation Patterns” <]
I~

Ao ugl dlo]eE u]A3}] interleaving 3t} [9]

A eksl Lz} d= block interleavers

¥ 3-3. PL#1 block interleaver A}
Table 3-3. Option for PL#1 time interleaving.

Inter—column Permutation Patterns
<Plcio, ..., Plcici-n>

TTI Number of Columns C;

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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A 4 & Train interruption g 24

Al 4-1 A Train interruption 8 =& ¥y
S e S dRel BEE e el

Electric Line Eleciric Line
Support |
|
(T [ Electic
| Line Pill

49.5m

Ballast

EJN,

L 0.594s6C

—

[N B S S

time
0.008s8¢

a9 4-1. 493 A= 3

Fig. 4-1. Circumstance of train line.

7127 A2 915 @9 W, electronic line supporterell 93 $1/4<] 4l
o] g7 doyA Hed, o we] Alse] el a3 4-29F
electronic line supporter®] 57191 50mvrlttt A& 9] 77} v s},

Attenuation relative to an 0.4 m wide obstacle in Ku-band
5 T T

| |
| |
‘ etine I
mewm-uwm N LT PR

Attenuation [dB]

15— = S e
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| |
| |
| |

by e el
| |
| |
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e over
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i
1 |
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1 |
g K
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1 |
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L I

\
I
e ] =
I
I
I
o o o — -
|
|
|
g G B
I
|
|
1
2 2

-1.5 2.5

h [m]
19 4-2. Train interruption 7+3)
Fig. 4-2. Attenuation by train interruption.

Z)Ake] £E7b 300km/hetn S g ) 413 go] FEo] welE
m/s2 vhebd 5 9}
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3
300km/ h = 20010 e 333 @.1)

0mx 60s
=, 71A= 1%l 83.333mE &gttt webA]  electronic  line
supporter®] @ae WA = 7Y A vhg A 4.29 o] AL
T AUtk
15 :83.333m = x5 : 49.5m

4.2
x =0.594s 4.2)
123l electronic line supporter® 8FS W= 17ko] AJ7FS 2] 4.3
o] Wiy o] ALke 4 9l
15:83.333m =x5:0.5m 3
x =0.006s .3)
do]H ¢ &% & 5Mbpsgtal b electronic line supporterd] 43S
Wbz ok= FREe] dlolE 2 U A 4.4¢F A
5x10°%bit : 1s = xbit : 0.6s
. (4.4)
x =3x10"bit
3 electronic line supporter? GdS W= 719 Hloly & Uhg
2 4.59F 7t
5x10%bit : 1s = xbit : 0.006s
. (4.5)
x=30x10"bit
electronic line supporter®] <23k burst dl#E AAsH7] 95}
interleaver® A|2®lo] A7}t 4= 9J+=d|, FIFTHO A& t&3 o] =7

27HA WS Algkska o [1]
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A 5 & o]=A DVB-S2Meo|] AL3 = Q=
P53} "2

2 Ao A= DVB-S2Mell 88 = = F53t B2 s AlE

dolds F3 ATt AlEH oA ESttolojae 7l 5-13
t}.
UL FEC uL LDPC
3/4 {nter leaver t/2 apPSK
. B5ES :
« Turho 5%
. LOFC 835

a9 5-1. AlEEold E=r)olo 1
Fig. 5-1. Simulation block diagram.

DVB-S2M2 =LAl Upper Layer(UL) -3} Physical Layer(PL) -3
o2 F¥E Physical Layer oA N=16200, R=1/2%1 LDPCH3ZZE A}
4-3l+= 7k, Upper Layer?] 2FAATS WAS RS ¥59 Turbo H-
%, LDPC ¥3% Z virtual interleaver®} &7 A}-&3te] 1 AH5S vago

=24 HA o Fes Hole Hust WS A3t

Al 5-1 A UL-FECd| H&€ + 3= F33 04
5.1.1. RS % ¥ Virtual interleaver

1% 5-2v MPE-FEC 2 9ds YeERdH. Frames 748k shte]
Ao guER AR, columnd] AFE 255709 AR o] 9
1, column® 4ol Ha 1024719 AldH7x] fF=xHow HAA 71538}
thA] DElRbH rowe] dolE 2554 E Ao 91, rowd MFE F
31024709 AZMA] e om A Jhsetth webd F Zdle] A
7l FHdl °F 2M bitg 7FE & Qth 191719 A= o] Fol =gl ¢

mol RES An WME BRI 64719 AU olFold Zae] o
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RS Hs3t #FHo= AAG RS #2ly Fitolth dolert o

gl 7P dFel A7 columne A5-HAM LEFH W

flo

L
= =5
columnell HloJElE A&staL, A=A &L F
‘0em AY Yt HelHE BT Aea o 9
stE Adggth 191709 dHeold AR¥E o] &3t

& wEt FEsrr Ed dHolEE column W
columnt8 74 Q8% column7tA E=o 48d A gz A

SHT (1]

a8 R

[k
jul

Column# 0 ... 190 Column# 0 ... 63
-t -t L
z| Y
ol & s
218 2 | D Z
Fd 52 o Fd o <
) Q|8 o Qo S| 3 ol I [~
H g H &l o = 2| e HE @
* N E Y *®hlglg olg o
o 2 -3 ola ol c c
ol g 3|la 2la| @ o5 =
: 2128 =3 -1 B 3|a Q
H 8 3 3 P 18]lolo ale 5
5 & i o HEIE] alg 3
Q — — R EAES = 2
o 3 L < S 3| 3 s|a a
's 3 2 o |@fld|a M E o
= @ = |g|s5|5 S| %]
I IN) Tl g I <|32]> 2
3 3| w oo = ol o Q Q
] a|g 2|3 s |2[%|% ul <% S
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b 8lg ] il |5ls ol5 E]
' & | = \5l ' S5 ol|3 5
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S |3 5 2
3|5 & S
3 Al
Application data table RS data table
(Layer 3 datagrams) (RS data)

1% 5-2. MPE-FEC Z#¢ 3%
Fig. 5-2. Frame structure of MPE-FEC.

RS #3553} Ao AFZ 2 319 interleaver®} de-interleaver F4 S &
stA g, oz YJHy = oA FYEE TV ol TR He=m
interleaver A o] EoJyA = ¥7] W&o ©]& ‘virtual interleaver’ &kl

gt

5.1.2. Double Binary Turbo &

Double binary CRSC(Circular Recursive Systematic Convolutional)-
S+ Convolution 3¢ RS 335 AAHTY #AH HF3RT e o
2 A7) A AEE 12, Double binary

o)
3% binary 53Tt 28 implementation complexityolx] ¢ v o g
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AR 85 7L e 579 %9} Trellis Diagram= U3 3+
t},
o
—@/—r s1 - s2 —ﬁn S3
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7 W :’

19 5-3. Recursive Convolutional Encoder with Memory v=3
Fig. 5-3. Recursive Convolutional Encoder with Memory v=3.

ABIYWZ S Sz S
Q07060 1AL Tveon oty 000
10001 00110 0V0T 10 100

/101 0010 oot oot (010

Q17100 11L/011 107100 O0/01 110
107111 0o/Doc ow/111 11000 (OO0
SO/T10 107001 13110 ovooy 10

QU010 115101 105010 00/108 011

e i 7
”{E” SLAI00 OO0 mﬂgg 3]3 3‘]'E

1% 5-4. CRSC Turbo #3.9] EdgA:
Fig. 5-4. Trellis diagram of CRC turbo code.

a9 5-4% 19 5-39 Fashrle] digh trellis 73 Zolt) w7}
Mol B&E A = B5F 87 ol d¥E= A B 9 HEZ <007, “017,
“107, “11” ] 7kA9] A97F st eg 3 AeeA thg AeEe] 7HA|
= ZF 47001 [10]
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e

Permutation

I'T

1% 5-5. Double-binary Circular Recursive Systematic Convolutional
Encoder

Fig. 5-5. Double-binary Circular Recursive Systematic Convolutional
Encoder.

13 5-5& Double Binary Turbo ¥33}7]¢ dA| +ZZ viepqich.

Double binary bit A, B &+ H|EZ} d&5H, 19 5-39 RSCH 353}
715 AA F99 HESY F HE @919 Permutation & 3sto] U2
HEES tA] RSCHE 3t ste 7} Fastgel A§skA puncturing®rh.
Permutation FAldtell A A% @5 (burst error)& WAkl @ FwkF
A (error  floor)E WAst7] - #Igk  interleaver =E¥E  UERATL

Permutation ®¥-& o} dAE w2},

1Al
Block SizeE NoJetaL & A4S ket a2 (k=0,1,2, ... N-1)
kmod 2 o ol 0 ojgt¥d AlHe] dlolH A¢t B gh-& A= whrth
PAZY |
t}2 3 o] Permutation parametersE PO,P1,P2,P3 g1 3H ol&
& g # 5-19F ¥ Block Size Noj| u}2} ko] W3t}
394
k mod 4 7} 0 ©o]H P=0
kmod 4 7} 1 o] P=N/2 + P1
k mod 4 7} 2 o]¥ P=P2
k mod 4 7} 3 o] P=N/2 + P3
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1831, Permutation indexZ j & &9, j=(POxk+P+1)mod N
o] Hr}.

B Aol E fek 22 dYE ol &t SFAtol=7F 7680l ALE
¥ Permutation Parameter= P0=19, P1=424, P2=224, P3=648°]™, &
shgo] 3/4%F 7FE 2HE 8/118 AFEsIiEul Punturing Patterna 3
5-13% Zt}.

¥ 5-1. R=8/11¢ Wl Puncturing Pattern
Table 5-1. Puncturing Pattern about R=8/11.

Y w z

R=8/11 1010 1000 0000 0O0OO 0000 0O0OO

M

3 5-6< duo-binary turbo 37| FZE YEdt F£A1EH ASE

717ke] 5E71E AR § de-multiflexing ¥l A, B, Y, W, Z& #eld

o 2 7 osoft@hsES A oY HE7)e #rh. binary
e

27loks el ol - HE 'ee HE S ok sty wiel 2

A" AR BE A, B ag]la 4149 parity HIE Y1, W1, Z1 ©] A
= 00 01 10 11 =
=AM A0 A A A #O1E
Hol Fr}, XS Extrinsic ko] §17] wlEdl 7] A2l Zhe w) X

=

23l interleave(permutation)d] E¢] It ¥ F WA Decoder2el
Extrinsic o2 ¥=go] ¥, 419 parity HE Y2, W2, Z2% 7 ¢
Zo] ®©t}. Decoder29lX =849 L (") , LAY, LX), L(4)<
MAP #20]] HHHER Hee A7) ARl €] #k
L(d”), L(d"),L.(d)), L(d'")< M F Deinterleaveel o] 7}

HA Decoderlel] J¥HE & =

=
iteratione E3 thA] A WA Decoderl® Extrinsic oz o] )
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1% 5-6. Decoder Structure of Non—-binary Convolutional Turbo Code
Fig. 5-6. Decoder Structure of Non-binary Convolutional Turbo Code.

5.1.3.LDPC #3%

(1) IEEE 802.16e° #-&¥ LDPCH-<&

LDPC :=oA H gde A7) m=9d= dold Hl#dste] AXA 5
= AAFeR neEeE Z=E Zel9l 2000 HIE Ao ddste
H 349 Adsts dis A9s &9 dxert desiA fch webA
[EEE 802.16e Ft 1Y =4 fFol e Bas vme] 379 Has
g 71e=A =oEe] gt oJAR =oHAd Vs
4 g AAdelA Ag 7

Ashs folth o] whEeld FEW Awe ofd AL AW PAL

)2
flo
T
o2
e
o
L4
flo
o
ok
o2
e
-
M
ol

ol
£
2

indexingdl= WS F8 A H 4

Zoltt, oy IALE el W FoE5 4 e AP UHoEE &
AH YA S identity 3H 3} circular shifted identity 3= A|g+sfar 3f
o] 4R ol5S indexingdts WHolth. oy AL qtA ] PHE&
Hjo]2 dgHolg} 2 o] P& Zol= identity BHI} circular shifted
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identity g0l thdt dd A7} SrA Hu}l oF Evbd ofd) 1¥ 5-7
off o} o] Qe ~7} ksl Gl A= AHe = 5 vk [11][12]

ut

-1 —p [0]O0]O0]oO
olo0]o0]o
0Olo0]o0]o
Olo0]o0]o

0 —p [1]O0]OT]O 2 ey [OJO1TO
o1 ]0]o o0 [0 1
oo |10 T [o]o][o
EEEERE o1 ]0]o

i — [O]O]O0 1 3 0y [O]TTO0TO
IIEEREREK oo |1 ]o
o1 ]0]o o0 [0 1
oo |10 IEERERK

a9 5-7. & A FE lds

Fig. 5-7. Short Matrix and index.

9] o= & A FHY A7]7F 4x4 2 o EJAT &
g A7|7F F7hsell wheh WRe] deke] gate FUhsHA ®uh w0
22 gHoA H Pde dojul= g2 wlojx dgdof| = 747t A9

25 Foy A7]9] A& AWPER vl €58 FIA o] FoA =1 o]

H3t S o~ (expansion)el gt F-Et. 2 AlEdolHo ALEH =

=] Zo|7} 2040011, H5H& 3/491 LDPCO] & AW FHe] A7) 85

xX850]™, 71 Permutatione 13 5-83 Zt} [

5133| 2 |82 26|61 76 32|33| 319 40|42| 0

54|83|16|74 81|69 13 81 39|21|28|26 010

62 48 10|58|39|69 69 8 19|48|61|72 010

33|54 58| 7 |64|41|56 34|54|38 84(28| 0 00

28|46|48|70(84(19| 5 [45/21|79|38|17 00

55|127\77(\17 5135|49|14/62|46 23(23(42 0

a9 5-8. & W dE=R o] FoJ%l H matrix Permutation
Fig. 5-8. H matrix permutation of short matrix.
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(2) DVB-S2¢°l #&%¥ LDPCH =%

DVB-S2 LDPC #=¢] parity check matrix= sparsed A|#tx UukA]
9l generator matrixi™ encodingS sl Fasith EE, Wbl
linear code™ parity check matrixs <3l $17]°l generator matrixe
Gaussian elimination method& AF&3te] 1tdebA =4 + Ut 19
1} 71 A3} generator matrixi= U] ©]A sparsedhx] &t} oA A &
ZF3} encoding complexity A& °©F7|gtt}t. WA of7|A = parity
check matrixE vt 2 5.109] el A&7},

H (N-K)xN = lA(N—K)xKB(N—K)x(N—K)J (5.10)
l .
1 1
1 1 O
1 e
B = °

1
1 1

1% 5-9. Submatrix of Parity Check Matrix
Fig. 5-9. Submatrix of Parity Check Matrix.

Matrix A= cycle-4E ¥38}aL, cycle-6S 43} A]|7]|HA] sparse 34
matrixe 748, Zt7Fe] 27]A % random3hAl F3EA| 7T

¥ 5-22 long frame Z°]¢l N=64800¢ wje] 54 parametero|™, &
5-3% short frame$! N=16200¥ ®] 59 parameter® e, DVB-
SeMell A-&d N=16200°] A& =42 29 5-10% 2t} [11]
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¥ 5-2. Coding parameter (nldpc = 64800)

Table 5-2. Coding parameter (nldpc = 64800).

BCH coded block BCH
LDPC BCH Uncoded LDPC Coded
Nbch LDPC t-error
Code Block k,,, : Block Ny
Uncoded Block K. correction
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 57600 8 64800
9/10 58192 58320 8 64800
¥ 5-3. Coding parameter (nldpc =16200)
Table 5-3. Coding parameter (nldpc = 16200).
BCH coded block
L DPC BCH Nb LDEC BCH Effective (I;(I));e(;
Code sacaded Unco:ied Block t—erro'r LDEE Rate Block
Block k., correction | K, /16200
Kiipe Nldpc
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
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Short(N=16200)
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Es/No

19 5-10. N=16200¥ wj LDPC 533} o W& =4
Fig. 5-10. BER curve about LDPC coding rate (N=16200).
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Al 6 7 AlEHCIA R A BT

o] oA AollA Aw e DVB-S2M9] Upper Layerol 283 4 gl
© a3t UEs EdE AlEdeld sielth. Alawel oA Physical
Layer o= {33 &0] 1/22 short LDPCE A}£3}%1 3L, Upper Layer©l
+ RS(255,191,32), Double Binary Turbo #&(N=768, R=8/11), DVB-
S25+4 9] LDPC(N=16200, R=3/4), IEEE 802.16e 7+Z<2] LDPC(N=2040,
R=3/4)5 Ah&3sto] Z}zte] A Wlasto] ®trh. Upper Layerd| W&
3l WOl A virtual interleaverE AFE3F3TE old] EE= A EH oA

L
#7ol W@ 7R3 Ao od 2ok ot

F 6-1. AlEdolds A% 74 F23t W 48 A

Table 6-1. Parameter about various coding method.

233 4 2332[R) interleaver AFO| Z(H|IE)
RS 25 (255,191,32) R=3/4 2040*D
Turbo 25 R=8/11(N=768) 2112(N*2*11/8)*D
LDPCE 5(802.16e) | R=3/4(N=2040,K=1530) 2040*D
LDPC& & (DVB-S2) R=3/4(N=16200,K=11880) 16200*D

Virtual interleaver® Alo]=ZE 51204 10247F%] W3IA|7]WAA, 7| &F
o] £%7} 10km/h, 20km/h, 30km/h, 150km/h, 300km/hol| A 7+ H& 3}
wh2lol]l tiet Ase] WEE Ay Bkt

Al 6-1 @ ULFECY RS ¥3& &AL " HF

AlEH o)Al AMEE RSHEE RS(255,191,32)0]9, Fastyl B59
Alo] =& 255 X 8 = 2040bitse|t}. 712Fe] & X=9} virtual interleaver® A}
o2& WSIAIZIHA AlEH ol & ZA¥, 7|xe] £X7F 10km/hY W=
virtual interleaver®] A}o|Z%E 1024bytes7tA] 4% Train interruption
of g3 LFE AAEY 5 JAAN, 7129 £%9} virtual interleaver®)

Aol ze] we} EsNo7b 0.3dB ~ 0.5dB AbelolA] 1 2 /FE AAT & U
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&2 @ & Aok aY 6-1%H aY 6-5744% AR %
interleaver?] Alo]=o] ulg} UL FECo| RSH-35 A&3<
U e
0 w=10km/h
10
T T SO U U Ut SOUURN: SOt SOOI UV SO SOOI
——=512
............................................... —r— G40
= o
o o1 02 0.3 04 ESr\EJIﬂ?dE) 0.6 o7 08 09 1
a3 6-1. 71732 £%7F 10km/h W)
Fig. 6-1. Train speed = 10km/h.
i w=20kmdh
10
i

—=—=512
—&— 640
—#— 768
—+—595

; i —&— 1024

10 [ i 1 1 i

I
0 01 oz 03 04 05 0B 07 D0D& 08

EsMa(dB)
a8 6-2. 7132 £%7F 20km/h W)
Fig. 6-2. Train speed = 20km/h.
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o w=30kmrsh
T e R T T Tt e

i
] D1 02 03 04 05 06 07 0B 09 i
EshMo(dB)

% 6-3. 7129 %7 30km/hY w)
Fig. 6-3. Train speed = 30km/h.

o v=150km/h

o 0.05 o1 015 0.25 03 035 0.4

0.2
EsMa(dB)

a8 6-4, 7132 %7 150km/hY )
Fig. 6-4. Train speed = 150km/h.

5 v=300krm/h

025 03 035 0.4

0.2
EsMo(dB)

a9 6-5. 712+ £ %=7F 300km/hY )
Fig. 6-5. Train speed = 300km/h.
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Al 6-2 A UL FEC9| Double Binary Turbo #3 &
ALgs o Ae

Al E# o] Ao AF8% Double Binary Turbo 32 block sizex
768bitso]aL, iteration ¥F= 63], F-3HES 8/11¢]H, FEstE EF9
Alolz2&= 768 X 2 X 11/8 = 2112bitso|t}. 7|x}e] &=} virtual
interleaver?] Alo]=2E WEA|Z7|WA simulationdt A3}, 7|2t &E7}
10km/h¥ W9} 20km/h¥ W= virtual interleaver® AFo]=ZE 1024714
5o X Train interruption®] &3t @752 AHAAT 4 QIAAW, 71219 &
=9} virtual interleaver®] Afo]Zeol uwlg} EsNo7} 0.1dB ~ 0.3dBA}o]e]
A RE BBY T AeS ¢ g Uunk ¥ 6-65H 13 6-107HA
= 71239 £ %9} virtual interleaver?] Alo]Zo| uwlg} UL FECe| Double

Binary Turbo 3% & A&3 & we H5& YR

v=10kmih
T T

BER

——=512
| —e—pan
—+— 768
——
i L L L L i L a0
i EX] 02 03 04 05 06 07 03 09
EsNo(dB)

% 6-6. 7129 £%7F 10km/he w)
Fig. 6-6. Train speed = 10km/h.
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v=20krm/h

10
=
—— A
—t 768
—— 595
3 i i A B ¥ i i —8— 1024
1DI:I 01 02 0.3 04 o5 0.6 07 o8 039
EsNa(dB)
% 6-7. 71xFe] £%=7F 20km/hY W
Fig. 6-7. Train speed = 20km/h.
3 w=30km/h
107 g -
£
107 o
10° 4
oo E
107 g
0%k d e R b
—&— 396
o 1 1 | i 1 1 1 +1D24
e o [N [ 0.3 04 05 (NR=) o7 o8 09
EsMNo(dE)
% 6-8. 71AFe] £%=7F 30km/hY W
Fig. 6-8. Train speed = 30km/h.
- v=150kmsh

sz ER—EEIR

—e—640

—+— 768

—e— a9

. i i —8— 1024

u] 0.0s o1 0.15 02 0.25
EsNo(dE)

% 6-9. 7]12Fe] %7 150km/he o
Fig. 6-9. Train speed = 150km/h.
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w=300km/h
R

BER

| ———512

—e—G40

i —— 788

—— o5

. ; : . |—=—1o2

0 0.05 0.1 0.15 0.2 0.25
EsMo(dB)

% 6-10. 712k £ %=7F 300km/hd o)
Fig. 6-10. Train speed = 300km/h.

A 6-3 A UL FECo| LDPC ¥3 AL A9 A%

6.3.1. IEEE 802.16e 7+4¢] LDPC %3¢ 4%

AlEd o] e A8 IEEE 802.16e 1749 LDPC 359 block size &
2040bit ©]3L, iteration 3l 403], F34&2 3/4¢]th 7|Ape] w9}
virtual interleaver?] Alo]|ZE W3 A|7|H A simulationdt ZA3}, 7]x}9]
2527} 10km/hYd W= virtual interleaver?] A}o]ZE 1024bytes7MA] =
o] % Train interruption®] &3+ S FE AP 4 JAAT, 7|29 £
o} virtual interleaver®] Apo]Zol we} EsNo7} 0.1dB ~ 0.2dBAFo]ol A
a1 eHE AARE F dee € 7 Jdoh 29 6-11%F ¥ 6-127HA
= 71xFe] £E9} virtual interleavere] Apo]=ol w2} UL FECO| Double

Binary Turbo 7% & A&3d& wWo 55 e AT
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—— 540
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EsNo(dE)

a8 6-11. 712F9) £%7F 10km/hY )
Fig. 6-11. Train speed = 10km/h.

& w=20kmih
10f
107
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G ———a2
, —e—640
10’ —— 75
] —+—g08
- : : —a— 1024
15 i ; : : : : ;
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a8 6-12. 712F9) 2571 20km/hY )
Fig. 6-12. Train speed = 20km/h.

w=30kmih

100 i H : i 3 i
] 01 02 03 04 05 0E 07 08 [ik:]
EshlofdE)

a9 6-13. 712+ £%7F 30km/hY W)
Fig. 6-13. Train speed = 30km/h.
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i v=150krn/h

BER
=)

i i i i i i
a 0.0z 0.04 0.08 0.08 0.1 0.12 0.14 016
EsNo(dB)

a9 6-14. 7129 4 %7F 150km/he o)
Fig. 6-14. Train speed = 150km/h.

’ =300km/h
e .

i i i i i i
] 002 004 006 008 0.1 012 014 016
EsMo(dB)

a8 6-15. 71A2FY £%7F 300km/he
Fig. 6-15. Train speed = 300km/h.

6.3.2. DVB-S2 14¢] LDPC #3%9| 4%

w>7] 93] Upper Layer® virtual interleaver
16200bit=

interleaver size’} 512bytes¥

A EH oA AFEHE DVB-S2%-359] EE Alo]=E 16200bit ©|
iteration 34 403], ¥38&<& 3/40|th. DVB-S2 1149 LDPC
sk 712l Row<]

aAo] WA MPE-FECZ#H < =7]7}

t}. Al EY ol A3} EsNoZl 0.0dB ~ 0.1dBAFo]o A =L

et 4+ vt 2% 6-162 virtual interleaverd]
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512bytes¥ %} WA 7] A UL FECol| DVB-S2 1149
LDPC ¥3 & # &

T ———10kmih
—e— 20kmth
724 —+—30kmih
] —e—150kmsh
—&—300km/h

BER

7
0s 04 03 02 01 0 EXl 02
Esho(dB)

19 6-16. Virtual interleaver size7} 5129 o
Fig. 6-16. Virtual interleaver size = 512bytes.

6.3.3. LDPC #-35.9] TI #7349 3%

6.3.2914 9 17 6-16°l4 BE ¥ AFo] 7|xke] =gl H] s}
A &8-S o4 4 9vt. WA Train Interruption ChannelollA] DVB-S2
TA° LDPCO Hdes Frl A8 &<letr] fléte], Upper Layer® 2
FAAESZ AFEE H31& 3/49] short frame size LDPCRHS A}-8-314]
Train Interruption Channel®l| 4] simulations}le] A5& A3}

AlEdold A¥ 10km/h¥Y Wl virtual interleaver?] ARo]Z=7F A F ol
w2t EbNo7} 4.5dB ~ 5.2dB Akelell A, 20km/h¥ vl 4.1dB ~ 4.5dB
Alololl A, 30km/h & W& 4.1dB ~ 4.2dB At¢]e|A Train interruption®l
ot 9 /5 A3t ¥H 150km/h ©]/Fel A= virtual interleaver?]
Atolzel 7 Adele]l 4.1dB ~ 4.3dB AlelolA SFE BAATES & F
it} o] LDPC7} Train Interruption 7oA LFAA HY cloA=
712F2] 4% 9 virtual interleavere] Alol=e}l A5 Alolo] #AVE A8
Aoz s ¢ F Uk 29 6-17FFH ¥ 6-217HA = IR £
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Fig. 6-17. Train speed = 10km/h.
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Fig. 6-18. Train speed = 20km/h.
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Fig. 6-19. Train speed = 30km/h.
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Fig. 6-20. Train speed = 150km/h.
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Fig. 6-21. Train speed = 300km/h.
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Fig. 6-22. Performance about soft decision/hard decision about LDPC.
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Fig. 6-23. Performance about data rate of RS code.
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Fig. 6-24. Performance about data rate of Turbo code.
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Fig. 6-27. Virtual interleaver size =256bytes, RS method.
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19 6-28. Virtual interleaver® size7} 512bytesd wW¢] A%
Fig. 6-28. Virtual interleaver size =512bytes, RS method.
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Fig. 6-29. Virtual interleaver size =768bytes, RS method.
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Fig. 6-30. Virtual interleaver size =1024bytes, RS method.
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Al 6-9 & HZH9] parameter

T 3 6-2% 6-185H 6-8471A9] AlE#eld At

A o] parameterS ZAAste] Aelstgc)

¥ 6-2. 42| parameter

Table 6-2. Ideal parameter about DVB-S2M.

i
=
oft
o
fr

Parameter =2 = A
UL interleaver Z 0| 256, 512, 768, 1024 1024
IP packet 2 0| Up to 2048bytes 184bytes
UL coding method RS, LDPC, Turbo LDPC
Virtual interleaver
size=256 10Mbps
Maximum Data Rate Virtue?l interleaver 20Mbps
(by virtual interleaver size) size=512
Virtual interl
RS+LDPC, v=150km/h R 35Mbps
size=768
Virtual interleaver
size=1024 45Mbps
Maximum Data Rate RS+LDPC 20Mbps
(by UL coding method) Turbo+LDPC 15Mbps
Virtual interleaver Wlan+LDPC 20Mbps
size=512bytes, v=150km/h LDPC+LDPC 40Mbps O &t
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