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A Study on Efficient FTN Decoding Method in Satellite

and Terrestrial Broadcasting System

Sung, Ha Hyun

Department of Radio Communication Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

In next generation satellite broadcasting system, requirement of high
throughput efficiency has been increasing continuously. To increase throughput
efficiency and improve bit error performance, FTN (Faster Than Nyquist) method
and LDPC codes are employed in new sattelite standard, DVB-S3 (Digital Video
Broadcasting - Satellite - Third Generation) system.

This thesis considered three kinds of methods for increase throughput
efficiency. Firstly, as conventional one, high coding rate parity matrix in LDPC
encoder is considered. Secondly, punctured coding scheme which delete the
coding symbol according to appropriate rules is considered. Lastly, FTN method
which transmit fater than Nyquist rate is considered. Among of three kinds of
methods, FTN method is most efficient in aspect to performance while maintain

same throughput efficiency.

Therefore this thesis focus on FTN method to improve performance and

throughput efficiency. In FTN method, it obtain successful performance improve
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by minimizing ISI ( Inter Symbol Interference). To minimize interference, we
analyze conventional FTN signal decoding method and propose a decoding
scheme to have optimal bit error performance. There are two methods to
improve performance of conventional FTN scheme. First, it is the SIC (Successive
Interference Canceller) method that removes the FTN interference by obtaining
it from subtracting the LDPC decoded bit stream at the receiving end. Decoded
signals through remapping them using the FTN mapper and again subtracting
interference from the received signal. It is hard to get the accurate amount of
interference at the stage of remapping. Second, when a signal has much
interference, BCJR (Bahl, Cocke, Jelinek and Raviv) equalization method, which
removes the interference firstly and then passes through the LDPC decoder
demonstrates a better performance. However, it has a disadvantage that, with
iterative decoding using the conventional BCJR equalization scheme, its
performance does not improve significantly due to inefficient iteration, applying
the same extrinsic input that is applied as the input value for equalization to the
LDPC decoding signal.

In this thesis, to improve the efficiency of the iterative decoding scheme of
conventional FTN decoding, it propose a scheme, which separates the LDPC
decoding signals and applies them as extrinsic input, and investigate the
performance of the iterative decoding scheme proposed in this paper by
comparing it with the conventional scheme in a simulation according to the
increase of the throughput. Using these results, the proposed scheme that it
updates extinsic input value closer to the raw signal is more efficient than two

conventional schemes.

KEY WORDS: High throughput; Faster than Nyquist signalling; LDPC Codes; BCIR
algorithm; Turbo Equalizer; Channel coding;
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Table 2.2 The coding rates according to throughput

FTIN7I®elA 9 2+ vl & LDPCY| #=3&
0% 1/2
25% 2/3
33.33% 3/4

FIN &Aooz Qlste] dAskes g @2 FATedA BCR F371H-<
o] g3l EsaslE whAlS AR5t A, Fig 2.7 ZH7 e 593 AEEd o
2} BER A%< vlug Axolth AFEC] 25%Y W FIN dEF2 o s <

o]

1.3 dB9] A5<S Holia 9om ol H-matirx®} puncturing 7]
ssbgo] 239 web Z+2; 1.3 dB, 1.7 dBe] AE AolE Kol

FE°] °F 33% Y o= FIN dE2o4 oF 1.4 dBe] H5S Holw yn

A F 7o FE3hso] 34 wiet A7 2 dB, 25 dBO| A% Apolrh B

Collection @ kmou R



15
EbNo(dB)

| =@=Punctured{2/3)|

=@=Hmatrix(2/3)
=@=FTN(25%)

10°L

0

10°

5

2.

L
2
EbNo(dB)

1.5

J=@=Punctured(3/4) | T

=®=Hmatrix(3/4)
@=FTN(33%

E

)

0.5

10

10°

0

10°

b)) 7 =33%

Fig. 2.7 The performance for

d coding rate

T an

’

A AT, FIN 7]

HAe 71Hogn FIN AE7H

ERE I 2 S

ks

Bl

2 AA

o

A

AR AolH, 3FM = ©

o
=

Collection @ kmou



Al 3 & LDPC¢ AFE FIN 7oA &3¢ B35 Wy

A L

71E2] Walo A= LDPC HE353) ¥ H gt oy o= FIN 719
o] Hgo= Qg ISIE sastr]ol olz o] Ut wekaA At DVB- 53011*1
= 71€9 D

VB-S29 Al Abg-3st= LDPC F39} 28 eA 493 FIN 7|He 2
H

Ae ARSI Yok dwdew SIC #AL olgdlel B AY TakE

53 BR36]7] LDPC H57]9F A4S BCIR 371 o] Al=Ho|A L Ut

(8l 2y o] F+ WAo=E vy BE3E & 45, BER d59 AsE =gt
o B FolME SIC 713t BCR S3brlmel tatel sy, ¥ wang
BER 4%& £°17] $]3ke] LDP NE BelE ol WE BE /YS
A kg th
3.1 SIC 714
LDPC - /i FTN X
encoder mapjper
To
Source bits G;
AWGN
LDPC —1
decoder mw
t(d;)
FTN
A mapper

Decode bits

Fig 3.1 Structure of iterative decoder based on SIC method

Collection @ kmou - 18-



AFstazt st A 435 HEYE De 209 #Zo] yerd 4 gt

Asstnat sle Y A5 HEILS Ko =275 /M3, N& 133 d HE
£ Yehddg. WA LDPC Ad F337I(NKE 53t F538E (XA
Hed, #3538 Hojx vEYE Ce o 4 99 2.

bgshe] 2(10)3 2Al Ak

= \/EEcj(n)h(t—an), r<1(j=1,-,N) (10)

$4 A% x5 AWGN(Additive White Gaussian Noise) AH'3-& F3ate] 2

(D} 22 Feol H7F Hox AL g5 47 drt

y; =xz;+n; (1D

o] FAMTE YIE st LDPC H3 7|0 FHAZ|A ==, °] 34
oA F4 AsE AE F4 e Fohe 2718 AR, A == §EE T}
= CNU #A4, HE »& &&ES F3l= BNU Ao 2 A dAZE Yo At
3kl 2](12)¢F 22 LLR(Log-Likelihood Ratio)gtS €& 4 SUth

L(d.) =Xu (12)

Collection@kmou  ~4-



HolAa d7t 02 W] &EY% L(d)Ee 0Bt e FFE AtE
. o] w, LDPC %&7]o| A mpAutoz A4kslo}zl LLRF Ld) e 2/A0)e) A
By e rehge) FHAlEel EAlshs AdEleolth o TS TE] Aske] SIC
Z1gel AgHoldt. L(d)E oA AEweA Audso]x & FIN
mapperg &3l Al mapping =o] XA =H=d o] FAeA A} 22 ¥

e Ed 4092 2e F A

xAj: \/FSEL(dj)h(n—nTT), T<1 (13

213 2% 2159 LLRg L(d)e] 2ol tald e 2, 704 b
LDPC B37]9] LLR#S L(d)E AAsIA 2 149} 2o HHFS 78
Atk

Y= \/FSEh(n—nTT), T7<1 (14)

TR AT y, ' A0S} FE Ao F4l AD ro A AASHHE

Ty, (15)

g #e] AAFAR 4E - F T LDPC HE7]o YHAIAFLEHA

J

255 st 4%g FPAAT 28 AEES ALt FA7EA 2

=
e

ﬂd
s

Collection@kmou  —15-



3.2 BCJR 5371
BCIR 7|H& o] &3le] <
43 ElR 53 7]

U:E
>
2>
oo -
ol
rlr
T
=
>
o
v

LDPC c
encoder

To

Source bits

x;
IT FTN i
mapper

LDPC —1
decoder I

BCJR ( 3 )E
Equalizer ;

Jj
L(r;)

L(d;)

=) %,

Decision

Fig. 3.2 Structre of iterative decoder based on turbo equalization

Fig. 3.29] EE%¢| wie} LDPC #353l7]E FHstal QAElgHolA Aujdst
¥ FIN mapperg °]&3sted 93 M &S DA AIA AWGN Ads FHso

Table 3.1 FIN A% 71H<S A

=

op

3RS W, ZF AlE7F AZF o Az wg}
. B =% Aq+= SRRC(Square Root Raised Cosine)
JEE Agsly A Y4E 12 51 roll-off A4S 0352 F+d 8 7}

Collection @ kmou - 16 -



Io]a, A% st R ENAN F&FS 7] W&o 459 = 77 &

=k

Fig. 3.3 Trellis diagram of basic method

Fig. 3.3& wlEH S347]9] AAES yehdl 2909 00,10,0 1,11
FEE owsta o el dlolelel wek BMeo] uxAl "k o E S0 @
Aol ezt ‘00 o2 HolEr, olof] wE BMES S'T's's el 000” <
-1.3900800] |, ©]E Fig. 330l s o= A AT wekA Fig 3.39)

flo

b™o| A abcE Table 3.19] #Z= g'*lgigt 12 vehH o]9 e g'tlglgi!
ol w2 el Table 319 2 kS vebdth BM#: b, 7ol w2 3b

AS Table 317} o] ARt 4 dolgste] §2HvA Age 2
Ta) A k.

Collection@kmou  ~ 17 -
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s aj(S) - max*[aj_l(s'l) + }’j(S’pS):aj—l(S!z) + }’j(sfz:s)]

5102 ¢ y(5)
(a) FSM
yi(shs) Bi(s1)
Bi-a(s) = max'[Bi(s1) +y;(5, 5. Bis2) +15,5)] <

1i(sis2) e Bils)

5
(b) BSM
Fig. 3.4 Trellis structure and metire calculation

Fig. 3.49] (@<} (b9 A& GuksisiA o534 2t

aj(SJ):maX oy SJ)—F% S/ 69)] aan
B;-1(877") = max [3;(57) +,(577",57)] (18)
olol we}, LLRZHS A4+ 4 (197 o] ol A,

L) = max*of |+ ¥ +67](s77 187 1d; =0 (19

—max*[a | +65 T+ 7188 1d; =1

7—1
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2 Al 7@ L(r,)&= BCR §3719 LLR E83%s 7@ oz o &
°] LDPC &%) YEgtos So7H dth

L(d)E 4 (12elAd % LDPC B57]¢ LLRFOZ, W 2Bzg 3uA

gl 9% ggel Gk o Fe 4 Q0% Lol YBHOE Hstel BM
o gulol= Hof k.

olFAl 2% d=Hko] HaX BME o]&3sto] 2193} o] LLRgtS Alttst

L( ]) max*[ bSJ S]—Fﬁs (571,87 - d;=0 (21)

— max* [afjl ij Sj+ﬁfj](5j71,8j) dy=1

Fig. 3.29] &==°] weh 4 @DolA 73 LLRgLoIA <7 948 HARE G
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3 B8 ol 47b 1 old +@te] & e UEIT 0 oj® - e YEh)
= SE gol7] WEel AE 57k (07 B 17 A ASE wE TERH %
25 5o LIR@S 2E BMakol ool Esl A v B5o) ufg BMk
o) Aol A sHeEl o] EEHOA Ponw WEL A Aol /A
2 eret)
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3.3 LDPC 43 B3I E 9

B =FAA Agkst= H B35 7|¥He& LDPC E37)¢9 LLRE L(d) 7}

BCJR S3}7]2] BMztdl gaixs 7|2 wads gz24 Ld)E “07 ==
£

J
“17 o e} HEE BEste F JEfo A

Source bitsL) LDPC c T FTN ol
encoder mapper
y
AWGN
L i
LDPC —1 @) [ Bar
decoder T Equalizer
L(d;)
- 7
. Bit
T —>| Normalize [—> 5
Separation 20

Decision

Fig. 3.5. Structure of decoding iteration based on LDPC decoding symbol

separation

“0" o) BHE e o, *17 o FHE Ge 2 TOW, L4)7h 9% Ay

ol 0BT 2& AP, & Ld)NA A7) Aol Aoiag Hsted mE ghol
W, el L)l Ak AR golth Wi, L(d)7t 0BT F A, )L
A7) Axle] gholaL, el L(d)ol Arigte Hstel A7l AxlolA wE Ftol
o} o] FHL T 4 237 4] @)k o] YehfoliT)

e = L(d;)—|L(d;)| (23)
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e =L(d,) (24)

o] W, AtHANE L(d) e 13} 0o A 7HA 317] 15t A7) 24
o] Hhzte. 2 U normalizeE # 3o}

A=A o eighe 209 2ol AE Sy 07 # <17 4 w2 Uy
o] BSMell 4t|olE AlAET

B‘?j:ﬁf#eq =0 (25)

~ g

o] & =ojzl BSMat 37 & ol&stel A A9l wet o3t 2ol Lir)
[e3]

of 3t e Ae ¢ 3k

L(r;) = max*[a | +65 ¥ +57](s7 189 1d, =0 (26)
max*| +b¥ S]+ij](5’j 1.59) =1
ol w, 0} 1o T3t Ztzhe] max*ghol €7 €& BA HalE H, 4 @Dt

o] LLRZHS 743,

L(r) = [max*a | +05 ¥ +55](s77 189 +¢)] +d;=0 @7)

J

[max*[ +st 'y ij](ijl,SJ) —f—e;] d. =1

J

71E FAAE AUelERE ol L(d)E Jd28A W, Akshs B4
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Fig. 3.6. Process of trellis calculation based on M-BCJR
(M=2)
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2 AAZRH. a2gar olek 2 e 4 299 & BSM HAFANAE G,7k

o =yl (28)
B =11418i 41 (29)
()=, (i)3,(i) (30)
Pr{S, =S, =j;Y, — Yy}=ay 1 ()1(i,5)8,(5) 31)
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Fig. 3.7. Performance of M-BCJR algorithm

according to M

Collection @ kmou -2



A 4% AEHClE A L A 84

B =RoiAe FINY 7o wgt SICZ1'H3 BCIR 53719 A%S =AH38)
I, Aetsls WAl LDPC B35 4139 HE 2g 7|He A5z vudth )

sl7do dnbA el AWGN(Additive White Gaussian Noise)S 1183t oH,
LDPC R 3g&2 1/2, & HolHZFS K=3240007), ¥E = roll-off factor’}
0.35, §<7F 1<l SRRC HHE A&t wHE<+ inner iteration(LDPC) 603],
outer iteratione 53| = IASIHTE kv o3 Fig. 3.19] ®2(SIC w4
7} Fig. 3.2¢9 2(71&9 BCIR $371%) Fig. 359 Wal(Aersl= W)l 7
of & des vlud AL o7 2o

_I{N'
ol

105 T i F I 3

=@=SIC
i s BCJR 1
10'”“&?‘ ; == Bit-Seperation  |_
e , & ]
TEC T Jd NSRS O
o
107
10°L ]
R
107, 0.5 15 2 2.5 3 3.5
EbNo{(dB)
’
(a) 7=10%

Collection @ kmou - 26 -



Coll

BER

BER

10° ¢

107

10

T T T =

' == SIC 1

BCJR 1

=i Bit-Seperation E

10'5_ 1
| | | | |

0.5

1.5 2
EbNo(dB)

(b) T =20%

2.5 3

«
()

10° ¢

107

I F T 3
: === S|C E
BCJR B
=mfjes Proposed E
i
. ; | ]
i ]
| | | | |

10

€Cllo

0.5 1

1@ Kmou

. 2
EbNo(dB)

(c) 7=30%

2.5 3

«
()



3.5

|
2
EbNo(dB)

1.5

BCJR

e a Proposed

10°

10™]

10°L. | =@=SIC

10°

=40%

4

T

(d)

4

T

Fig. 4.1. Bit error performance according to

o)

Nr

3%,
Fol7F glar BCIR

QJ
=

7} 10%

4

T

Fig. 41& X,

SEE
W} 4

o] 7]& SIC

N
o

0.2 dBY A

A
o 4

40% o1& o, Al

s
Holm, BCIR

Z

HFA)

=
-

5] U

2

)

]

<
=0

b
s7I"HEY 0.2 dB &

o
o

o

/

T

3
Fol

e]
o

L
o

=
=

L
< A

W2zt oF 2 dBe] 2 A

AEE 7T 5 ol 7o vl me

N

o

o

ZO

nld

-

Collection @ kmou



As5H AL

4o
=0

AFE A2t wEka DVB-S2¢1A 1

=0]

A2 trade-off FACIRZE F 7R =

#gol gtk aHEE

of a4

b,

3|

o] 43 F&
840 BFs glon, o

P ok

S|

7

L=

Sl
yul

FEqhe] 2%

DVB-S3#}+=

bl DVB-S3dlA+= 1A E

Gl

A

T

$13l LDPC

o
=

b 7he

Sl
yul

o=

a7

NF-
)

o
T
)

0
He
o

oy

2~ =
=

%

A

o]

Bl

Nyquist £=Xo W=7 A5 AF

|
) Y

o))

i

23 A%
9] BCJR 53}~

71 91ste] LDPC

E MAIS
71 H S

FTN A&7l A IS

=
—

st 7]

£

s
&

Bis

tel BCIR 53}7]1¢ A
I E BCJRY %

S|

s ol &

—

23 JaE

ol

H

w, AR=el A Fehst oA MA A4kl Bol

5%

T

il

gahsich.

o]
2 A

M-BCJR 7]

| —
) Y

Bl

53 =

o BCJR

Collection @ kmou



il

A

E

1

(e}

9] %

o]

Bl

sl715 A

SIC #2413 BCIR &

| —
) Y

3

AN AA

#e dE¥o = BCR ¢

3714

¢] BCJR

of Hsle 71E

#k

E

1

T AT 7 10%E 40%71A Al

-
o
oju

10%l A =

IRe W=

S|

¥} Hlw

Kot 40%7HA A F e

—
o

N
Nlo

o
=

|-
R

ol

a4 BCIR S3t71 3 Alb 2ol Blshe

‘o] F7ts
B2eg. 18z A

T

AEe Y 5 8ol

tehe

S|

np

HAl 78 AA1717] o

S|

o s o Asd ¥ <A

oju

FTN 7]

Eis

=0l A AA

B

=2 g9 w8t

1o

4

Collection @ kmou



FaEFA

[1] R. G. Gallager, “Low-density parity-check codes.” IRE transactions on
Information Theory, vol. 8, no. 1, pp. 21-28, Jan. 1962.

[2] Jaewon Kang, “Efficient puncturing method of LDPC Code for Rate
compatible punctured code.“ Yonsei University, master's thesis, pp. 1-42.
2005.

[3] J. E. Mazo, “Faster than Nyquist signaling.” Bell System Technical Journal,
vol. 54, no. 8, pp. 1451-1462. Oct. 1975.

(41 A. D. Liveris, “Exploiting Faster-Than-Nyquist Signalling.” IEEE
Transactions On Communication, vol. 51, no. 9, Sep. 2003.

[5] F. Rusek and J. B. Anderson, “Multistream Faster than Nyquist
Signaling.” IEEE Transactions On Communication, vol. 57, no. 5, pp.
1329-1340, May. 2009.

[6] Donghoon Kang and Wangrok Oh, “Joint Demodulation and Decoding
System for FTN.” Journal of The Institute of Electronics and Information
Engineers, vol. 52, no. 1, pp. 17-23. Jan. 2015.

[7] Donghoon Kang, Haeun Kim, Joungil Yun, Hyoungsoo Lim, and Wangrok
Oh, “Faster Than Nyquist Transmission with Multiple Channel Codes.”
The Journal of Korean Institute of Communications and Information
Sciences, vol. 41, no. 02, pp. 157-162, Feb. 2016.

[8] Tae-hun Kim, In-ki Lee, and Ji-won Jung, “A Study of Efficient Viterbi
Equalizer in FTN Channel.” Journal of the Korea Institute of Information
and Communication Engineering, vol. 18, no.6, pp. 1323-1329, June 2014.

Collection @ kmou -8l



[9] D. Ampeliotis and K. Berberidis, “A Low Complexity Turbo Equalizer,”
Springer-Verlag, vol. 3746, pp. 765-775, 2005.

[10] D. J. C. Mackay and R. M. Neal, “Near Shannon limit performance of
low-density parity-check codes,” Electronics Letters, vol. 32, no. 18, pp.
1645-1646, Aug. 1996.

[11] J. B. Anderson, A. Prlja, and F. Rusek, “New reduced state space BCJR
algorithms for the ISI channel,” in Proc. IEEE International Symposium on
Information Theory, Seoul, Korea, pp. 889-893, June 2009.

[12] Hahyun Sung and Jiwon Jung, “An Efficient FTN Decoding Method using
Separation of LDPC Decoding Symbol in Next Generation Satellite
Broadcasting System,” Journal of The Institute of Internet, Broadcasting

and Communication, vol. 16, no. 2, pp. 63-70, Apr. 2016.

[13] Xiaohu Liang, Aijun Liu, Xiaofei Pan and Feng Chen, “Method for
carrier frequency-offset estimation of fater-than-Nyquist signaling,” The
Institution of Engineering and Technology, vol. 51, no. 25, pp. 2151-2153,
Dec. 2015.

[14] Jaepil Chung and Injae Kim, “Performance Analysis of Turbo Equalizer
in Fading Channel,” Korean Institute Of Information Technology, vol. 10,
no. 1, pp. 91-96, Jan. 2012.

[15] H. H. Manoukian and B. Honary, “BCJR trellis construction for binary
linear block codes,” Institute Of Electrical Engineers, vol. 144, no. 6, pp.
367-371, Dec. 1997.

Collection @ kmou - 82 -



A 2

3 o % A

R

s}
of

A7} A4}

Al

A=Y,
e pAgon W Ay A

1

~NH

o=

o

N

o
oju

=4

ol ZAEHUY. 18] =& YLor|7kA oMfle

A
A

a7

ol

ol
oju
or
_zT
ol
BR

A e AL

e Age S84 B 5

&

o
ol
BR

M

—
o

iof

—

N
s

[0

!

shal o5 Auid S

ob714) gkot FAW

oju

71 AgIT

Fuy.

-
MR e g ofdl AARE &

=
= —

oANA ZHAL

NG

E ="doh

Collection @ kmou



	제 1 장 서론  
	제 2 장 LDPC 부호에서 전송률 향상을 위한 기법  
	2.1 고부화율 LDPC 부호화 기법  
	2.2 LDPC 천공 기법  
	2.3 FTN 기법  
	2.4 전송률 향상을 위한 최적의 기법  

	제 3 장 LDPC와 연접된 FTN 기법에서 효율적인 복호 방법 제안 
	3.1 SIC 기법 
	3.2 BCJR 등화기법 
	3.3 LDPC 신호 분리를 이용한 기법 제안 
	3.4 계산량 감소를 위한 M-BCJR 기법 적용 

	제 4 장 시뮬레이션 결과 및 성능 분석 
	제 5 장 결 론 
	참고문헌 
	감사의 글 


<startpage>9
제 1 장 서론   1
제 2 장 LDPC 부호에서 전송률 향상을 위한 기법   3
  2.1 고부화율 LDPC 부호화 기법   3
  2.2 LDPC 천공 기법   5
  2.3 FTN 기법   7
  2.4 전송률 향상을 위한 최적의 기법   10
제 3 장 LDPC와 연접된 FTN 기법에서 효율적인 복호 방법 제안  13
  3.1 SIC 기법  13
  3.2 BCJR 등화기법  16
  3.3 LDPC 신호 분리를 이용한 기법 제안  21
  3.4 계산량 감소를 위한 M-BCJR 기법 적용  23
제 4 장 시뮬레이션 결과 및 성능 분석  26
제 5 장 결 론  29
참고문헌  31
감사의 글  33
</body>

