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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
erasure Reed Solomon (e-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 framework, the DVB forum is currently working to define a
new hybrid satellite/terrestrial delivery system, viz., DVB=SSP, capable
of providing satellite services to portable (SSP) devices. DVB-SSP is
solely focused on adapting DVB-H to satellite applications. Several
enhancements and modifications are under consideration, including
adopting strong error correction codes and longer interleaving methods
to compensate for long-term fading events, such as railway events in
mobile satellite environments.

DVB-SSP recommends upper layer coding with DVB-H MPE-FEC,

v



and physical layer coding with DVB-T and DVB-S2. Reed Solomon(RS)
codes with erasure are recommended in [1]. The advantage of e-RS is
that it is capable of correcting more erroneous code symbols that the
conventional non—-erasure Reed Solomon code. The erasure information
can be obtained from CRC error detection. However, a critical factor
must be considered when dealing with a long—-term fading channel such
as railway channel. In fact, at the end of every MPE-FEC section, there
i1s a CRC-32 field calculated over the entire section, to detect
erroneous sections at the receiver side. If there is only one bit error in
an IP packet, the entire IP packet is considered as unreliable bytes,
even if it contains correct bytes. This implies that if there is one real
byte error in a IP packet of 512 bytes, 511 correct bytes are erased
from the frame. This causes performance degradation in erasure RS
decoding.

Therefore, this thesis focused on channel coding scheme described
in DVB-SSP system. In this thesis, based on the physical layer coding
method with LDPC codes specified in the DVB-S2 system, we
investigate the performance of proposed MPE-FEC decoding methods
in AWGN and deep fading channels. This thesis proposed a hybrid
MPE-FEC decoding algorithm. If the number of erased bytes is less
than the error correction capability, an erasure RS code is used,
otherwise, a non-erasure decoder that buffered another received
symbol memory is used. The main difference between the decoding
methods analyzed in this thesis in terms of performance, is the manner
in which the erasure information is obtained and how it is utilized. In
the DVB-SH system, hybrid MPE-FEC decoding algorithm may be used

for e-RS decoding algorithm.
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Header

MPE-
session

MPE
Header

MPE-FEC- | |
Session

9 3-1. DVB-He} DVB-S2¢] Ag+=x
Fig. 3-1. Structure of DVB-H with DVB-S2.

I[P dolg e Hu dol= dHE Xg3iA 4080 HIO|E o],
MPE-Section®] Zo]&= Ht 4096 Hlo]E( 4080 H}OlE + 16H[OIE &
B3| = (12 HlolE 3t] + 4H}o]E CRC))o|t}.

Network 1st 2nd
Layer datagram datagram
UL-FEC
encoding
Encapjulation wd MPE ofled MPE ol w s MPE o
Fragmentation =g| Section [©]]=p Section |© =2| Section |©

% 3-2.1P "oy 1] &%

Fig. 3-2. Structure of IP Datagram.
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¥ 3-1.MPE &t AR
Table 3-1. MPE head information.

Sl AR u &

Table_id MPE section, MPE-FEC sectiong YEH

Section_length CRC 32 M E7} ¥38k5 sectiond] E7A9] Zdol& ey,

MPE-FEC=# 9] 9] dlo]g A zero-padding¥®
column®] 7§5=(0~190)2] %<& 7}4)

A section®] MPE-FEC Zdl9] dolg o wE e
E] Fgo A vpx]uek SECTIONY S A A&

MPE-FEC Z# 9] 7zt goollA Al FAlE section?
Address payload?] A WA wlo|EV} X5l Hlo|E Q] A E
Eby

Padding_colums

Table_boundary

S &, o] FIFTH #lt 2ol @& 7iAIZl, 5, DVB-S2 Eis 5
HHoz  AREStHA] UL-FECO  e-RS H3E HEAFo=zH

deinterleaving®] WX & ZAAZA § A= FHES 7R3 vk (4]

PL1 PL2
1P data | MPE-FEC| | e-RS LDPC Block | Frame t> Modulation
Memory [ | coding coding || interleaver | | interleaver Tv

]

data
PLL PL2
e-RS e MPE-FEC CRC LDPC || Block | Time e Demo-
1 data decoding| | Memory arasiire check decoding| | Deinter- deinter- dulation

leaver leaver

Channel

4

K

Virtual Interleaver size 1024 symbols

s symbol size 8 bits

LDPC packet size 900 symbols

&R size 355 symbols

% 3-3. CRC 7]4ke] 214"l MPE-FEC w22 e
Fig. 3-3. MPE-FEC memory based on the CRC method.
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UL-FEC+ [P(nternet Protocol) H°|EE ¢Ho=w 3= DVB-HO
MPE-FEC -9l e-RS(255,191,64) H-&9} 74 <€, PL-FECE
DVB-S2¢] #3534 1/22 2= LDPC $3(16200, 7200 )o]t}. LDPC
53} § DVB-Te &5 A", At e E dAxiste] Ab&girt

19 3-42 MPE-FEC Z#¢l& yetdith. MPE-FEC ®|®2]:= DVB-
He] $J2<l IP(Internal Protocol) HoE7} = =]=d 1P dlolg <] )
dol= &ltlE E3SE 4080 wie]Ee|w, UL-FEC $-o 12He]E9] &Y
o} 4ulo]E9] CRCE x93 FHul 4096 wlolEo|t}. Frames +As}
shitel Ao guER FAEH, columny NSE 255704 AlH=E 1A
wo] 931, column®] Aol Hi 102470 AWZHA fEsHo=z 44 7t
etk wEbd F ZeEde A7l Ad o 2M HES 7FE $ gk
191709 AR o]Folx]l X9l %o FEE AH HE ¥ido|i, 64
Mol AR o]FojW ZyYde 2 8% HES RS Fud Bz A

RS s E Fielvh IP dHolE7F Ao 40800l ER ¥ W ¢
o] 71 A& YA columnS AFHA L EZF Wk columnel| ©lo]
HE Agsta, AFEA &S ko] A o] i ‘0ox Y ¥
=t} dHolHE 2% A#sta W Fo, row ©E 191719 dHolg Ad
S o]&3te] 64 AR RS dEE e FEErt Ed dolHE
column o=z = 71 A& columnFH 7V 2EZ9 column7t
A B f¥E A AduE dsHnh dE == [P deolHE RS 2%
% CRC ddE &<

ﬂ';

i
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IP datagram

Network Layer 1P header (20B) | Payload (0-1460B)

L—App\lcatzon data t,zﬁbe—. u— RS data table
4 i 64

LLC sublayer ] e O1f1
FEC 1] = o
MPE-FEC frame &l 2|y o -l
= == @ ] o
T|= = el
HNE 3|z n BBy = =
5] 8|a I ol == 2o =
EELE =y B3 2 E4E 313 5
st7lg 2 =)= e 2
E1 = = 16 M E =
3151 = B E1 B o = 2
y B & al,lw ad = =
=1 =
Bl =|8 Sl (3 mf & w
a al= =4 -4 (@] Ko
o =l B EH BE 8 2
213\ -] E E| HIE H S
Nbr of rows 1B =1> SH=n el E S
256, 512, sa }f.; g:’ =
= a
768 or 1024 -

MAC sublayer S 5 /
MPE and MPE-FEC sections MPE header (128) | IP datagram | cRC-32 (4B) |
(Header includes 4B 7
Real time parameters)

[ MPE-FEC header (12B) | Column (max 1024B) | cRc-32 (48 |

MPEG-2 [ s Header sB) [ Payioad (1838) [ Ts Header 48) | Payload (1248) |
Transport Stream

1% 3-4. MPE-FEC Z#¢ 3%
Fig. 3-4. Frame structure of MPE-FEC.

FAT ZHo A B, LDPC 359 A8 734 (hard-decision) ¥ o]
ZAst 1P 7 B
T5 2HAAIA MPE-FEC Hxglo] Agst & wigle] do]grt 25

S
B
Y
o
fr
L
L
(@)
=
O
o
G
L
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of
:CI>L_11
fo
=i
)

1 bit ¢ SF7F &
A= [P HA RFE Ao z2H o F glo] A4% HolE X erasure
A4S . 3 UL-FEC #-%9] 7}
ol TR AR Qi HEEAGS 3t
o] ofe] Al JAHFHME Q3 AP o7 Kl T ThA] MAEA ¢
o] Z3E vetd + Srh

S0
=]
KeN
=]

EEetel] 7)&Eo] Qe 7]Eo WAle ¢-RS(255,191,64)004 kA%

HE 57k 647 olatolw LRARol Ttk AAE AR 7 6470

z3ek, 44 WAS ol Wi FAH AES FuAste] Ll
A et £ B35 wWAe /)£ CRC $A42 T £8ed oF
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% 3-6+= 1% 29 MPE-FEC "X 2lolA 7259 255 A& 4}
A HE F Qe AARE SFIF YA @ AE F, Pe, o HAs
Eb/Noell w2} vhebdl 18]t}

& E° Eb/No7} 0.1 dB & wjol= 25570] 2HAlE Al Foll 196

F7F WA ke evlst, Eb/No7t a5 4 8etA

el el & =
AAgE 4 A

i i i i i i i ?
DG1 0.15 0.2 025 03 035 04 0.45 05 0.55 06
Eb/No(dB)

% 3-6. SNRel W APAl Aol @R o ARl Hws

Fig. 3-6. According to SNR, average number of non—error symbol.
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AS & =l A-starat shis DVB-SSPAlA 9] E¢He adow
o] F 3z ol s Al td TS Hoolmwg B =FdAE olFAE VA
2 AAste] ATt sidlvh 7Ad R dHE a§ 4-1e YRRl 7]
27 A2 915 &9 ], electronic line supporterel] ]3] $142] 23]
A7 dolyAl H=d, 2 we] Az A= ¥ 4-29F 2o
electronic line supporter®] F7]¢l 50mvit} Az e ZHa7F @A
7Hggn. 2 =AM Ad REE By o] obygt g AR 9l
A e 7Ake] HETF A= 7IREe Fatolet PR ([5]

Celenary
—
\ |
Elaclrlc Lhe H Electric Line

-‘l Electric
L_Line Pill

I
1
L
H
i 43.5m

| Sleeper

| Ballast

E/N,

= e time
0.006sec

a9 4-1. 93 A= 3

Fig. 4-1. Circumstance of train line.

7127 A2 915 @9 W, electronic line supporterell 93 $1/4<] 4l
o A7F dojupAl sz, 2 we] dme) FEl= i 4-29 #a,

electronic line supporter® £7]¢1 50mv=}t} 259 7H 7 2HAY o}
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Attenuation relative to an 0.4 m wide obstacle in Ku-band

G o
| |

Attenuation [dB]

N
<]

19 4-2. Train interruption 7+3j
Fig. 4-2. Attenuation by train interruption.

712ke] £2=7F 300km/hehal b tha A 413 Zo] £o] d9E
m/sZ HERd 5 3

3
300km/ b =200XL0m _ g3 aas s @.1)

0mx 60s
=, Z1x= 1%l 83.333mE &gttt wElx|  electronic  line
supporter?] @& WA = FIHe] AR U A 4.29F o] ALtE

F qlek

rlo

15:83.333m = x5 :49.5m

x=0.59s (4.2)

18] al electronic line supporter® J8FS Whe= 17ko] AJ7FS 2] 4.3

o] Wt o] AtE 4= gl

15:83.333m =x5:0.5m
x=0.006s 43)

Hlolg 9] &£%=E SMbpsttil 3t} ™ electronic line supporter®] <3 k3
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WA e 73] HelE] Fe g 4 449 Pk,

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

T3l electronic line supporter?] 9eS W= 719 dioly #HL the-

A 459 2.

5x10°%bit : 1s = xbit : 0.006s

4.5
x=30x10’bit (43)

electronic line supportero] 93+ burst oS HAS ] 3l
interleaverE Al2=®lol 713k 4= Ql=d|, FIFTHIIAM = v 2ol A

2714 WS Aloksta 9tk [5]
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Iy 5-1. AlEYeld EStolol 1
Fig. 5-1. Simulation block diagram
3} Physical Layer(PL)

DVB-SSP+= =LA Upper Layer(UL)
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Fig. 5-2. Frame structure of MPE-FEC & Virtual interleaver.
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compute the erasure polynomial M)
replace the erased symbols with zeros
cornpute the syndrorme polynormial

compute the modified syndrome polynomial

Slgd = (Mgl + Fe)] —1) mod ™

v
k=0
A" =1
L=0
Tl =
k=&k+1
L
o ® = “E+v T EAU:_I)EJ:—sﬁu
1i=1
No

A®g) = A% 1) — A W)

'

Yes
s Sl )
W) = 4% () Mo | Twi= I,,_\.u;)m
L=k—07L
¥ Yes
Tal=wTx) |4

i

SToP

13 5-3. Modified Berlekamp Massey &i18]E
Fig. 5-3. Modified Berlekamp Massey Algorithm.

Qe AHAlE AAsH] 98 19 5-3% 2 BMYALEES AR

Chien search €¢igFE& AHEE w 2= A & 72 F UL,
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ol wek o] AAE & 4 A Ak ek Al AvE AAst
7] $1elM = 1A Fet AMAle] 91| thEkAS AdsloF gt

Y(x) = A(x)T(x) (5.6)

Q(x) = A(X)[1+ E(x)Jmod x> (5.7)

Forneys &21& AR&sHH Q7o 2HAle] A7]E5 4 5.8, 4 5.99 o]

A%g % qle,

_ -EQ(E, ) (5.8)
TowE) '
_-FQ(F
fl"x - \P’(Fx,l) (59)

A 5-3 A DVB-S2¢] d£3 LDPCHZ

DVB-S2 LDPC FE9] parity check matrix= sparsed A|#x UwHA

©] generator matrix= encodings gl Feslyg. B2, ddbz9]
linear code¥ parity check matrixs <3l 07]9] generator matrixe=
Gaussian elimination method& AF&3le] FFsA f=E 4= Aok 18

Y 1 A3} generator matrixi= Ul o4 sparsedtA| gt} o)A A &
%3} encoding complexity EAZE ofr|sit}. uwebA o} 7] A= parity

check matrixE t3 4] 5.109 =2 A &A1 71t}.[6]

H(N K )x lAN K)VKB(N K )x(N- K)J (5.10)
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714 B the ¥ 5-49] Fejoln

o]:= Low Triangular parity
check MatrixZ }epAT}H

a9 5-4. 92 E HAF 34
Fig. 5-4. Sub—matrix of Parity Check Matrix.

Matrix AE cycle-4E 33}aL, cycle-6 43} A|7]H A sparse 3H
matrixs 7S, Z4zbe] Z27IA % g sHA EEAIH

DVB-SSPell 8357 & N=16200 ¢ we] LDPC %% mevHE &
5-13% Zom o]o] A 34 19 5-53 Zth
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¥ 5-1. 7 %

&

23S 9% JEE(N=16200)

Table 5-1. Coding parameter.

N=16200
Maximum Maximum
R N K . . q
Column-weight | Row-weight
1/4 16200 3240 12 4 36
1/3 16200 5400 12 5 30
2/5 16200 6480 12 6 27
172 16200 7200 8 7 25
3/5 16200 9720 12 11 18
2/3 16200 10800 13 10 15
3/4 16200 11880 12 13 12
4/5 16200 12600 3 13 10
5/6 16200 13320 13 19 8
8/9 16200 14400 3 27 5
9/10 N/A N/A N/A N/A N/A
Short(N=16200)
0
i ——R=1/4
—8—R=1/3
= R=2/5
-3 —3—R=1/2
T, i * —%—R=3/5
m X * ——R=2/3
-5 ‘ L S| | R34
: CoL =
———R=5/6
-7 ——R=8/9
-8
-4 3 =2 -1 0 1 2 3 4 5 6
Es/No

13 5-5.N=16200¥¢ W] LDPC #3&3l&c] & A5
Fig. 5-5. BER curve about LDPC coding rate (N=16200).
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offri TI AWelA] obr] s 52 Ao AAe A%t HS 6471E
Moluhdehs, AR AR Qo] b A ghe A A8 AR

T7F EATG= orjolt

| —8B— conventioanl(Tl)
Cla—se— hyhrld(‘l’l)

BER

a 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Eb/RaldE)

Iy 6-2. £9¥ H35 WA CRC W29 A5 Blal(TD

Fig. 6-2. Performance comparison in train interruption channel.

A 6-2 A TI AdelX £ B3 34 4%

o] Ao el A3 DVB-SSP2] Upper Layerol #|¢tg &34
B35 WAg AEsta 71ake] £, dlolE WEE, IP A7 Ale]=29 ®is
o W AeTS AlEHelA F¥T. AlEd o] AdA Physical Layer o+
B33} fo] 1/2¢] short LDPCE AH8-3tith ofe & AEd oA gt
HE S YeEh A

1]
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% 6-1. AlEHo]A et H
Table 6-1. Simulation Parameter.

Layer Parameter Parameters
PL-FEC DVB-S2 LDPC N=16200, R=1/2,
Iterations=40
RS code with
UL-FEC hybrid decoding algorithm (255,191,64)
UL interleaving Virtual interleaving [bytes] Depth=256,512,768,1024
Block interleaving [ms] 40
PL interleaving
Time interleaving Depth=10
Data rates [Mbps] 5-145
Source parameter
IP packet size [bytes] 184 - 2048

Channel parameter Length of line supporter [m] 50

Modulation QPSK -

Train speed [km/hr] 10 - 150

6.2.1. JIXtQ £&0 & A= Hlw

2 HoM 7Ae] £xo] @2 ATS wusd. FistE 559
Abo] 2= 255 X 8 = 2040bitsolth. 7]}
g WA IAA AlEdeld @ Az, 71AHe] £27F 10km/hd Wl 7H
AE ¥ Alo]ZE 1024bytes7FA] ¢ % Train interruption®] 2] 3%k
FE AAT F AAAT, 7IApe] &= P AW Ale]=d| we}
EsNo7} 0.3dB ~ 0.5dB Alelolx 2 o /= A4 5= JS & 5 9
% 6-3%H 1¥ 6-67HA= 71z &Eet 7Y AE W Apo] =
02 Aes JeEAY

IS
iy
il
S
~
ox

O
_rg
=
IS
>
o,
[N

fo

W
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BER
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—a | =512
— gy~ =B40

| =768
— e |_=895
—a | =1024

0.1 02 03 04 05 0O 07
Eshlo(dE)

a8 6-3. 71%}e] £%7} 10km/he )
Fig. 6-3. Train speed = 10km/h..

0.8 (IR 1

O 02 D3 G#: O H©HF oOf
EsMofdE)

% 6-4. 71x}e] %7} 20km/hY )
Fig. 6-4. Train speed = 20km/h..
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g |_=768
L | | =B0B
T : : ; ; | a1 =1024
1D 1 1 1 1 1 1 1
0 D01 02 03 04 05 0B 07 0B 09 1
Eshlo(dE)
1% 6-5. 71%}e) &% 7} 30km/he )
Fig. 6-5. Train speed = 30km/h..
[
LLI
oo

1 1 i 1 i
a 0.0s5 0.1 0.15 0.z 025 0.z 0.35 0.4
EsMofdE)

18 6-6. 7)xFe] £%7} 150km/heY o)
Fig. 6-6. Train speed = 150km/h..
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6.2.2. UIOIE 8&SE0 HE &5 Hluw
B Aol A= el A F5 st Was ULl #-83fe] doly dE
02 1 Aes AlEdelAste] 1y 6-70 YERAL. 71xke] &

ol
T 150km/h, 7H3 S1E @M 9] sizet 512bytes@ 13 Alejol A b
ol8] A+ES 5MbpsollA] 40Mbps7A S5Mbps©9l = AlE#o]Ad S &3

o 2 Ay iAoz dolE dEEe] wokd S BERY ol AdtE =

S 1T 4 e, ol doly HFEEC] =S5 F electronic line

— — — Data rate-5h
| —e=— Data rate-10mM
Data rate-150
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Fig.6-7. Performance for various data rates.
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Fig. 6-8. Error rate about IP packet size.
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& 6-2. FAe] I H
Table 6-2. Optimal parameter.

Alternative Optimal
Parameter
parameter parameter
Train speed[km/h] Up to 150 150
UL interleaver size[bytes] Up to 1024 1024
Data rates[Mbps] Up to 40 20
[P packet size[bytes] Up to 2048 184
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