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Joint Channel Estimation, Symbol Detection and LDPC
Decoding in Time-Varying Fading Channels

Student:Pi-Chung Chao Advisor:Dr.Sau-Hsuan Wu

Department of Communication Engineering
National Chiao Tung University

Abstract

An iterative receiver structure for joint channel estimation, symbol
detection and channel decoding is_proposed for the non-coherent
decoding of the low-density patity checkieode in Rayleigh fading
channels. Performance of the proposed algorithm is studied for both the
flat and frequency-selective-fading channels without using any pilot or
training symbol. In flat fading ¢hannels, simulation results show that
the performance of the non-coherent algorithm is only half decibel
inferior to the coherent one, whichimatehes the analysis using extrinsic
information transfer chart, while in multiple fading channels, the
performance gap against the coherent one is still large, which requires
further investigations.
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Chapter 1

A

AR AL T, AR 091598 § % B BF 4 R A 1 (time-varying fading channels)
Ao T bt & 2 @ AR (AWGN) 89 % 8. A 2 3lom ) 188 H 3R % 8 & A4 by, 25
A8 A AR R AR AP R T B EE A P, AAHTAIR (pilot symbols) =
4R AZ 98 (training symbols) #9 e % —AAAR A AL T R AR Sk 3R 3 45 B 69 — 18 77 7k
{238 % 89 7 40 G A% A HLAR R AL — M F (capacity). & T # LBk Kk, KMLA
1% A & (blind) 8 18 1 B IF F- ik TR R AGm \ —3e €, Jo 2R 5% A 3 B AT 18 1 45 R 89
7 k. BbA-1R 1 4k ) $243 3818 B (joint ‘chammel estimation and symbol detection,(JED)
A — BT A R R R A S SRR B 69 B R A R R AEAT 89 S e ARk
KM JEDE R H— KRB BIEE AL [1]. £ 2] 9= XEM % H % (recursive
expectation-maximization algorithm), JE D& F & T AL B A AEAT F S € 40 69 38 18 2,
ZREART, HE— BRI RRE G EATHRRBAEREZ IR, BdAKMIEDIR
FoRAER gl KRG A AL I ) B AT ARM E A RN ITEDE B kB £
2% A5 (differential code) 4% F VA fif ik 15 {8 B .

& % & Fl 4% 7UAR & #5(low-density parity check ,(LDPC)) 4 #5 & — 84 A 3F % A
A R AR & 48 IR 69 SR M B R A%, 12 48 45 25 7T »A42 #t 3F % 4% 2 Shannon % 7+ 89
$R B EARS. LDPC H A5 H — RAMIR H & L B L1960 F w1 Gallager AT3% H 3.7
ERBBGIBFRGH R B ORI AERZETR MR ERZGRR



B Tanner 71981 442 £ 89 Tanner graphs [4]. /£ Tanner 85 £ % F, €M LDPC %
G B AL A B A 09 7 N AR AR FELDPC % 4. B 21990 £ ¥ 8, LDPC % a4 £/ %
B R R P AR EATRAL [5-7]. £LDPC A#AS Y+ &A@ F 4R A A2 47 5% I % (sum-product
algorithm, (SPA)) 89 A2 #5 % [8]. /£ KM eyt wAE# F | — KM EZ H9LDPC A8 k-
A~ Fa 3% B % (min-sum algorithm) [8] A A4 4% A .

SRR (9], [10]F, A AR S £ 9 B AHFLDPC HASEN S F& X AAETH#
IThedt, ERHALT, MAKRAMN A FEMER. T EIRBERERMEGTELK
& AR AN 8 R 4 AR P e ST (11, [12), (18], AEF m A T ARARAS ALK B
TR A4 B T 4% 3% A 18 (block-flat-fading) T 69 18 3 4% 2] 43 3818 8] #2LDPC f##%
0 A AERM R T, ROV IED EREFK G EESBCIR £5 ##EF %/ LDPC
FRARAE B A BB 4R 0R . SR Bl SURR LI, R BR AR TEToME A a8 P& R
WA T AL B Ak 7T VA% B 72 BF % 15T (interSymbol-interference) & iR i i T, i34 43 &
69 AL BE A 45 B RS B BRI T eS8 A% SR URR [11], [12], [13] R R, &A1)
B 5 F BRI € e 09 AR AR (DN AR)S IR, phhe Bl AT AL A 35 AR AT T A B4R K
Tl B8 5 (capacity), 3 A £ B89 2.

9B H B W 8 (extrinsicsinformation transfer(EXIT) chart) [14] #= % & i
{t(density evolution,(DE)) [15] & % M8 GHLDPC #&E X A 46 T & dizg &y
A TE, RMTATAB KM B G X RALGITE, ERTUAE HZ LA RL T
RAAECLDPC %45, i A T AT & 09 K Z 85 M & [16], [17], [18], [19] T EkAZ 1F
# A A TEXIT chart 247 &4 1 Fl 4 A5 69 8 8 X A & 0947 BAR K. /& STER [11]F 4
F AL 69 ZEXIT chart & 947 & %, @ & [12], [13]42, &1 0 69 RDER 547, £ &K
Teger 7 F , KAV 5% [16]89 7 F AL AEXIT chart R 547 K169 & & JEDEBCIR
ALDPC &8 X A 46947 B AL X,
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Auto-Regressive 8 RN E X4 T
hm = F}:lm,1 + BVm

i

Xm - {x17$27.” 7xm]7hm - [h17h27”' 7hm}7}_fm = [3/171/2,"' ;ym]

Kk T AT T A4 B 4R 38

~

i1 = maxarglog p(y, . by,) = qpxamﬂogg:p b x,)

—m

KMTAREM EHEFZFB RN T

o B X)) |y, By, | (3.1)
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~l- ~l-1

Qu(b, |h,) £ Ex [logp(y ,h,.x,) |y .h,]
= Ex [logp(ym | hm; Tm) + log p(zm)
+ logp(hm | by,y) +logply,

~l-1 ~l-
= Qm—l(hm—l ‘ hmfl) + E}_{m [logp(xm) ‘ }_fmv hm]

~l-1 ~
+ Ex [logp(ym | hin, Tm)y, by, ] +logp(h, | hy,_;) (3.2)

hm_laxm—l) ‘ }_7 7hm]
1

] 7 og p(x,y,) B—F &, RATT A L Buk AT vl 8 3H B KA T A4 8]

~l-1 ~l-1
Ex [log p(ym | hmvxm”ym?hm] = —Exm[l/gi | Ym — P H2’ Xthm] (3.3)

10gp<hm | ﬁm—l) = _(hm - Fﬁm—l)H(BBH)_l(hm - Fﬁm—l)

(3.4)
A RATAE(3.3) F(3.4) RA(3.2) Ao (3.0), &AT T 2T 3]
i, = max(Q,(b, | b,))
~l- ~ -
= max(Qpua(By s | By) = By (1702 | g = hnin |17,
— (h — Fhy )" (BB") ™) (b — Fh,, 1))
~l 1 B B -
= r%i)defl(hmfl ‘ hm1—1> - ;[yghmxm + ymmghg— ” hom, ||2 Nm]
~ (hw — Fhy )" (BB¥) " (hyy — Fl,, 1)) (3.5)
LAz, FR, TERLT
5 NS
T = Ex [tn]y,.h,] (3.6)
~ ~l-
R, = BEx [l o |?y,.b,] (3.7)



T RAGH B B A AR ] 38 X 69 s AR AL 8 77 K R AE B

L1 11 L1
Bl _ Fhm—l N aQQm(hm | hm) -1 an<hm | hm) 3.8
b, = [—7—1 -1 L e T e e ] (38)
hmfl ah;*nﬁhm hm=FQ,,_, (9hm hm=FR_
By I g 90, ) . T vy 45
SRR (Chlall) | (el ) RIS
1
an(hm | hm) o I * X ~ -1
(Pl L)y )= Gl = K 39
) A1 ) L1
[(a Qm(hm | hm)) ’ . ] — [(a Cszl(hmfl | hm—l))]
Ohx OhL fim=F 1 Ohx,_OWT
1 _ 1.1.~
= [l BB L —F] = S [5IRa[L ] 0]
(3.10)
KMFETRER(3.10)2 — P &M T AT A
Pl=_pt SU N
£+
0 0 1 B B BB + FP, \FH FP,_,
0 Prgl Pm—lFH Pm—l
(3.12)



W R AR R R

1

2
In

P, = —-P -

mlm—1

_ o IR B _
= Prjs = Papnalgllon + 77 101 [0 7 [01F,
_ _ o d _ _
= Pm\lmq - Pm|1m71 - Pm|1rn71[6”a’z + JH(BBH + FpmleH)J] 1[JH ’ Q]Pmﬁnq
(3.13)
#(3.9) #7(3.13) KA (3.8), &ATT 473
-1
. Fh, BBH + FP, F!
b = [+ ]
i P, F
=m—1
x [1—JJ"(BB" + FP, F"J'J"(BB" + FP,,_F")]
1. ~ ~l-1
KA RV IED % ik 69 F Bl Fdo T #Bmuh 812 3%,
T AR EF AR WA a,
FEE2 BT A XFHHE7, and R,
~0—1 ~f0—1
p@m |y, by ) ocply,, | Zm, by, )
(3.15)

YRS . #E(3.14) SHHERL, RK A TR,

128 %R T R Ao F RS 6 E A, KA T AT B D, 0T, N, BT RIE B



TAREBMBEGFEF (m + 1)th BER.

P HA - 4R (3.9) AP, 691 REAL R Dy, &R AER T, AR

TS . W (3.14) HHERL,, ABEE .

W BEG : T EL BT ES B3 ik —RIEIE.

ym—l ym ym+1
I%m—z I:\]ml_/g I:Im _% .............
[ — * "
» LLK{ x, .} LLK{x,} LLK{ x, ..}
m-2
v hm_l v hm hm+1
____________ ~—,(B | <—%> —
BCJR

O : LR S5
G P HER=RP TNy Wat

Figure 3.1: JEDE A% T~ & H.

10



3.2 AHFZISIRRAATIAAEMERL A LA
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R F WA Ky B

i

8 P54 B m: B M S

Auto-Regressive 18 #y A & K4 T

A
}:Im - [h£7 7h?n p+1]
g - [F1>F27”'7Fp]
p: AR 6 1% B
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BT Rde Bl L b3t B 4% 3 BGAE T 89 0L KA T A3 3] e B (3.2) 9 B R

~l-1 ~l-1
Qn(hy, [hy,) 2 Ex [logp(y, by x,) |y, by

~l-1 ~l-1
= Qm—l(hm—l ‘ hmfl) + E}_(m [logp(a:m) ‘ Xm’ hm]

~l-1 ~
+ Ex [logp(ym|hm,zm)y, 0y, ] +1ogp(hy | byy)  (3.16)

BEERMTEZRBE S =k FRX:

My ) 2 = = B ECE By — B (3.17)
(b, Fly ) 2 =[hyy — Fhy,J(BBY) [y — Fh,, ] (3.18)
(3.19)

hooe RS ) s

~ N
Co ' =B emly b, ]
~ -1
Sp' 2 Ex [rmly ,b,]

FEA(3.16) BB EAM (3.17)F(3.18) RATH T X

~l-1

Qb [ D) 2 Qi (s [ B ) + AP, Pon) + (B, ) (3.20)
BETREMER

Bl = max(Q,(h,, | b))

hm
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sh—F T A E G R T @ =k X th,, A=, %L 2k X F

_[hm - hm]Héy_nl [hm - iLm] = - [hm—l - Bm—l]Hé;@l_l[hm—l - Bm—l]
Function Block Mean and Variance
X y . m, = (W, + Wy)H(WXmX +W,m, )
L V, =V, (v, + V)PV,
5| x y , m, =m, +m,
V, =V, +V,

X z m, =Am,
3 v, =AVXAH
BARR: —(x-m)" W, (x=m,)
B —(x-m,)" W, (x-m,)
H: w=v?

Figure 3.2: #aiRiEA X &.

A2 AFACTOR GRAPH# L & A A is — 18 7 42 X 51 Fl STk [20] F 89 AR A%k
A Rde Fig: 3.2, &M %% [1]) AR REAMOHEARLBAY L E 4B Fig: 3.3,

(0

£
P& FprL O(La—p)LxL
Iig-yxa-nr Owa-1)Lxr
Jo = [Irxr,Ornxe-nzl”
LG > p

RBEEAR B A — [t — P T2 et — Tt 75 D1 89 3% SR 3% AT, #2042 By, 89

1
i 8 EAFE R — hon] T (Sn)[m — hun], 8 R L 80 55 =48 X F T 1243 5
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3
l>

[tl»
|

= H.,
TR w'—'m—le

[xdi>

3 F R 835 B — [ — o] B (
hol W AL% H= X T

m)_l[ﬁm—zm]%)\”—l—”?@f%’-éﬂ—[hjn_ﬁmH(&o )~1[he, —

—m m

>
<&
I
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3

o (3.22)
= = Z,+J,BB"JH (3.23)

BB = "% 03 B h,, £ KA T AT

B — (Z) 08, 4 T (S5 ) 5] T (Z) " T — (B) 10, + T (S5 ] (3.24)
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S & (E) 7+ 3,03

m w

MCL ANV AV A% A RSB Mo XAE A% T4 3] T 5@ a X

ilm = (I- KM)[E% + éfan(gﬁfl)Hym]
2. - 2 K
Ko = S04 G0 3,) ¢

i

KA ATSIAE T 89 JEDE Bk P 24 T

TR AE B AL G A Dy B9 A0 R4 A OB 6942 98 31 0 (3.20) 47 (3.20).

P2 & x BALIE IR B0 B4 1E, A O X (3.28) K.

Y3 R AK,, &2 A (3.27)FEE,,.

T BR4: 4R S K, RN (3.26)4F 51 by,

B RS A% R b, & VE 046 45 F) R (3.20)4% (3.20) 3 Fm+ 1B 369 CO L &S
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TG I (3.28) & (3.27) B HK 2,1, FAE A (3.26)4F 2 Dy

G EHE RSP TG A R BT A EIRAT TR E.

3.3 BCJR £ % 5

BTG IE R kP A BT €15 R BIBCIRAF A5, — B AL [STA 8 8 JEDE B
HF LT ST F(3.20)49(3.20), 5 — B3t £ JED IR F ik R AR 8 R £ BIBCIRIE F ik
R E D G B SIS B A JEDIR F ik LTt A4S SR AR € A0 4a
BPT VA RAAS 5% SURR [21)12 A 39 B 69 BCIR A ST F 4% A (3.20) 42 (3.20) B AT & X
F ALK & # (log-likelihood \LLK)M&. A JED & k2 4%, KM ZA&ABCIR & H %
RSBHG 2 5t B BRA G M ABCIRSE SR04 5 T A 4% Uk [22]. RMEBEE
1% R £ 5 A0 3 b ST R B RAVE R IED VR F % 09 05 i% | 4526938 8§ § AEM
R EGER M E AL R G AFREg A E g IR E Tl E A 180K AL
1% ) £ 94 A% =T VA AR ik 33 18 ] RESE o dg R APE9 2 S0 % T ARAEIBRBERT £
¥ F 42 Fig: 6.1,Fig: 6.2& 3.

1
na/

ase {adian/p)

Channl ph
9 )
\ T

sssssss

Figure 3.4: 4% 2|38 & 4842 40 4%
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Chapter 4

W &30 38 A B $145 SRAA Bl E ik
HMLDPCH#HI IEE £ &

Fi—%iHF, KMEHTLELLESTEDRBCIRZE F A ESLDPC %45 W &%
P X A G RE R AT AR ERERGT, KM TN BEF AL LM IR
BARIE I Fextrinsic MO BB mAERBDH ST ARBENER AATE AKX
4 € £ # ALDPC %45, M % =B &-Fa &M% 5 JEDEBCIRALDPCiEE X &
H B M B AR XM 9 extrinsic B AR R A8

4.1 LDPC /&%

- SRS

Y1 JED BCJR
W S5

A
-

Low-density parity check LDPC % #% 5 /21960 @ Gallager #% i 89 — 42 7T A4
i Shannon #% J*69 — A M B RAG. & B0 K d A AR AT R T, B T 355
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HLDPC % AHI0F R T B4 A MG R e m EHARANRTINAZTED. —
& AYLDPC % #5 7& ik 7o AT 3R A Z L 8 FAZ AR & H, MLDPC 89 A 52
A AR H 6 AR R PAT AR 1% B ASPA. SPA f# A% % & 35 o 31 B R Bk @ X g 25 49
RRXFHMEE E— R REYBEEZFR RAAEKE EHETROTE FERMAGETH
BSPAIR R B A B & 8 B 093847 7 R A SRR § 88 AR SCEARBAT IR A A&

AR Z AL 8 SPA-5& )= 3 B Fmin-sum algorithm.

WA ¢ ¢ i

G & & & G & G G G G
Figure 4.1: Tanner Graph.

4.1.1 SEH BN

AA KRB R R FEMLEMAP 8 4285 &M F 2K P 6955 Fcodewordfz
FFe = Yo,y yYno1] & B AR E A Fcodeword ¥ 89 & — B4 7T 89 69 F 1% % RAPP
c=[co,cry e Cnn). B T FEAMGIE T KM A ETF AT ARIERMAR JHFL
£log-likelihood ratio ,LLR&FTH. 3 APPAHEMA KRB ILE LR To T

Pr(c; = 0Jy)

L(Cz) = log(P (

r(c; = 1|y)) (4.1)
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y GEEEHIEY

Figure 4.2: $ & H %K LR ETER.

WERBBOARRA, AFRG B, REBREND fHHLETRABRETRA
G = Pr(c; = blinputmessages),b € 0,1. MARZEEN ;8% &FRD 84T b i A it
e 5lc B4k & 55 B 18 A 89 S Hextrinsic A AL E A0 HHAS I KR, Wik B
B AR89 T R TARME RV R 15 BATT I () AP R MR B IOLF
L(gij), BIFTVAE T 7 89 X7

L(qi;) = L(c;) + Xjecy\; L(rjn)

4.1.2 BEH B
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Figure 4.3: & K &P RTEH.
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T b BB AR, PSR B R B i o
Rextrinsic & ML SAR & o 85 K238 K € A5 SN extrinsic B A D12 &4 0 8p B b
—REALF T R T B rji(b) = Pr(checkequation fjissati fiedwithblinputmessages),b €
0,1.

5% RK (8], MBS A HEMA JRBILFEREFE—ARLER, TAH ML T
By

L(rij) = (yevyicir) x (9(Bwevnid(Birj)) (4.2)

F ¥ a = sign|L(g;)| . B =|L(g;)| . Zo(x) =log(55).

et —1

4.1.3 & AE F & (Min-SumyAlgerithm)

B e i LR R S (4.2) XA VAL 8 ARG A, b SURR (8] T 432 T Xt m X
O(Ex S o == o(dmm () (4.3)
=i i (4.4)

e BAAEAR 0 B4R P R APTAFARR S AR ST AR B R AR SPA R Bk

4.1.4 LDPC BV B2 L

KMBLDPC REH T BB ELT
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FBEL . dsit

L(gij) = L(c:) (4.5)

TR . R B A B AR A BB A

L(ry) = (Myevpiai) X (¢(Zvevid(Bij)) (4.6)
> (Iyevpiair) X Zlél‘}lil Bir; (4.7)

Ao =sign|L(g;)|, 8= |L(gy)|

W HES . oy 8 B B AR % AUE BB AR & A B
L(qij) =2Ac;) +2ec \GL(T5:) (4.8)

TER4 RS EEH BLLRY S

L(Q:) = L(ci) = Yjcc, L(rji) (4.9)
4.2 B A5 E AR AT A B E MLDPCHEHZ K
T # &
BCJRE
] [ e
3 ].c R
I—Il
o i
T wE | | {
g e L DPCiig
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¥ 2. M IEDAE Al 89 12 SELLR % ABCJRIE £ 7% A B VR 38 4% /U 89 LLR % A AR 8k 4
B ARKEALDPCHRME 2

¥ B3: LDPCA & ®2X 1% f# B #extrinsic & A £ 3| 4 & A & £ & &BCIRE B
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Chapter 5

EXIT Chart 2-#7

IR0 R A @ EXIT chart & —F8 M A 44 78 21 5B X A295 48 8 450 & 4 69l
$AT By 8 7 ik AR — B ARG AR AR B B AT R I A 6 R R R . AR AR
% Z M #9 9h R extrinsic & éﬂiéﬁz%«i; E A BXIT chart -, #8208 e 5, &ATTAH
P& A3 898 KR 40 A 4B 1 R

LDPC#i54s

i o (e R S B AR IS o

{EHlEs
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Figure 5.1: & &% Ko BAHE R R Bvs R E G BRHE
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EBETROLET, EMH5E [16]:%%&:& & &SR B ALDPC %A% H T
#BLDPC % & B EXIT chart 947 B 493
F B . 4% A Monte Carlo B# 3 F AR S EXIT L HEZTEE

Isper(Iaper, SNR) (5.1)

B2 . BEHMABEALDPC %A % B HOEXIT J & 8 £ &RMTRABREI I, per
I, ynp A BB Mg MR XTARTET X

Iaper=J \/_‘ [AVND)) (5'2)

HPd, REATHFRG LG BREAT() & XD AL KESUE [16] 48 B AT AL S48
A R BRLDPC %A% HIHEXIT ZHTERTE

IEJ/NL):Zz](\/(dv‘—'1)L7*1(IAJ/N1)HQ + [J~'(Ig,pET)]?) (5.3)

T3 . LDPC A0 & I 69 EXTT & AT A T

D
Iponp=1-Y bieJ(\/dey— 1o J (1= Iycnp)) (5.4)

i=1

dej : FFERREBEET Fith BEK
BEB TS B, HE

T4 . AR (5.1), (5.2), (5.3), (5.4) KT AREMRE X ALAH (1A R) K HHHEXTT

Chart. Extrinsic # &L LR R ~EB L SR BREREMETET —
TP AE
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Chapter 6

B#RER

6.1 HASIJEDEBCIREFBX A& GEFELEFE

ideal
—&— fdTs0.01

5 10 15 20 25 30
SNR

Figure 6.1: Compared BER of JED4+BCJR case and Ideal Channel case in flat-fading
channel
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Compared EMISI v.s. IdeallSI fdTs=0.005 10’ samples
10 F T T

IdeallSlI

—<— EMISI

BER

107 I I

SNR

Figure 6.2: Compared BER of JED+BCJR case and Ideal Channel case in ISI-fading
channel
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FARY, HEIEIABAZA R IST KA E T 6969 £ 38 P AR B8

6.2 LDPC#hmagiz s}

F g — i P A R RPVATAE A 9 LDPC R 45 35 69 A2 45t % 9 R AR A T Jpm
P B AER(AWGN) A E AR & F & R B AERARFEBET AFERR AR B
MEXIT chart =2 RAELFE @A T LR RFESHER) £ T otk 547 & 430
TEXIT chart 27 69 B4 3F F A AL A B S F B RABGR AT RIR 2w K 12 £ 617
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i AWGN+LDPC
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10°F
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SNR

10

Figure+6.3: LDPC‘"in:LAWGN

1

AWGN EXIT 1.8dB

Figure 6.4: EXIT Chat analysis of LDPC in AWGN in 1.8dB
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Ideal Fading +LDPC 100itr
10" ¢ T T T

BER

107 I I I I I L
2 25 3 35 4 4.5 5 55
SNR
Figure 6.5: LDPC in ideal flat-fading channel
| ]
Ideal fading EXIT 4.3dB
l T T T

Figure 6.6: EXIT chat analysis of LDPC in ideal fading channel in 4.3dB
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6.3 BASIJEDEBCIRELDPCEEX 2L GEBELER

B3 — A R A A SR AR 69 R R A T R R R T

BISIRBRAEAREFRREFTEMOBASTEDEBCIRELDPCHEE X A 4609 L #k 45
x.

6.3.1 BFE & X XEE

EE—HFRMETRTENE FERAAET KMOBSIJEDEBCIRELDPCE

X ARG ER B KLFig 6.8 FoFig: 6.9F, KM G A ABREZ LI LA F & R
Wi T, 4 ADBPSKAY B &BCIRELDPCEEE X AL 9 EHE R A1 a‘;-ﬁuzaFlg
6.7FT . WA E R T4 &35 L £ BCIRA R ALDPC#, 2L S &l %

38 89 R 8
45, B T — R KA, DAL R WA AR R, T A

T A9EXIT chart 247 4 % 6.6dBR] 2R AT o Bdiedd R 3R £ 491 4 1dB(F Rl 8 B & 4 K
AR F 0 A SR E R B 6 RARR AR AREEFLDPC A 3R % 09 PIR4R ).

BCJIR g
B LDPCHi
[ A A
—>@—> n c >
y BCJR J g%gC
e Felifas | s
. M —O
M -

Figure 6.7: system model of "Ideal channel+BCJR+LDPC”
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o DBPSK IDEAL BCJR+LDPC 2(LDPC)X11 iterations (10g samples fdTs=0.01 BCJRside)
10 T T T T T

BER

107 I I | I I
SNR

Figure 6.8: Joint BCJR and LDPC system under ideal flat-fading channel in BCJR side
with DBPSK modulation

10° T T T T T

107 I L L i I

SNR

Figure 6.9: Joint BCJR and LDPC system under ideal flat-fading channel in LDPC side
with DBPSK modulation
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EXIT of IDEAL CHANNEL+BCJR+LDPC SNR=6.6dB

0 ! ! ! ! ! ! ! ! !
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Figure 6.10: EXIT Chart analysis of joint BCJR and LDPC system under ideal flat-
fading channel with DBPSK modulation inr6:6dB

BFETARAEMER T AR XRMODBPSKHA & @ X B A& JEDEBCIRELDPC A 4
BB R ARG B W Figd 2P 7 1 T4 B A R 1 AR 4R & R I & 3K 2 ABCIR R
ALDPCs#, & R4 TG FRTRIFEIT, mh— T RERFE AL GEHEAE T

fafedy A GEAF. T TAM 69 2R b w30 AR 18 A BRI £
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DBPSK FULL ITERATION JEDLDPC 2(LDPC)X11 iterations (109 SAMPLES fdTs=0.01 BCJRSIde)
10° T T T T T

BER

-6
10 i i i i i i

SNR

Figure 6.11: Joint JED and BCJR and LDPC system under flat-fading channel in BCJR
side with DBPSK modulation

DBPSK FULL ITERATION JEDLDPC 2(LDPC)X11 iterations (109 SAMPLES fdTs=0.01 LDPCSIde)
10° T T T T T

-3

BER
=
S

T

10°° I 1 I I I I
SNR

Figure 6.12: Joint JED and BCJR and LDPC system under flat-fading channel in LDPC
side with DBPSK modulation
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£ Fig: 6.13F &ML MEXIT chart A2 RMGBEFIX AL AR T L@y Th
SAB R RGBSR GEXIT @4, @ T @R EHBOEXIT Wi, F
A &I TR R BB . EXIT chart 9 547 & R 7.2dBIEAER M A9 R LR K E
A0.5dB3R £ | d YUk B B8 7 A7 69 IR R B9 B R AR DL a9 IR R SAn

SNR=7.2dB

09} , —
08} == -

07 i
05+ i
0.4F :

0.3 R

0.1 i

Figure 6.13: EXIT Chart analysis of joint JED and BCJR and LDPC system under
flat-fading channel with DBPSK modulation in 7.2dB
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DQPSK EM+LDPC BCJRside 10° samples
10 T T T T T

BER

7 7.5 8 8.5 9 9.5 10 105
SNR

Figure 6.14: Joint JED and BCJR and LDPC system under flat-fading channel in BCJR
side with DQPSK modulation

DQPSK EM+LDPC LDPCside 10° samples
10 T T T T T

BER

7 75 8 8.5 9 9.5 10 105
SNR

Figure 6.15: Joint JED and BCJR and LDPC system under flat-fading channel in LDPC
side with DQPSK modulation
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@i SR A A SR [0] 60 0 Sk AT R 6 KR A S AR P Sk i i

DBPSK METRIC
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BER

10

Figure 6.16: Simulation of DBPSK + EDPC metric in reference [9]
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Compared BER
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Figure 6.17: compared BER
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77T XA @ Fig: 6.18 ##Fig: 6.19F 7T vAF& 2| £ 4& AIDBPSK #9 ik ® X % & J E D BCJRLDPC %
G A ©dn 3T HABF T 4% 3% AR 1 Ao BE S IST R i 3A 18 T AR B 45 R g
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Figure 6.18: Joint JED and BCJR and LDPC system under ISI channel in BCJR side
with DBPSK modulation
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LDPC side fdTs=0.005 107 samples 2x10
10 F T T T T T

T
—<&— EMISILDPC
IdeallSILDPC

BER

10

Figure 6.19: Joint JED and BCJR and LDPC system under ISI channel in LDPC side
with DBPSK modulation
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Chapter 7
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