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State 1 &

(a) Encoder (b) Trellis Diagram (¢) Trellis Diagram with m;

g 21: 00000000

Gaussian Noise : AWGN) 000000000000, 000000000000000
gooooobobobbbboobodddddddiodoooooooooooooo
ooogoo.

22 Uggboobobbboboboboggooggoa
[ O

Oooo0Q0,00 [0)000000000000OOO0O00DooooDooOoOoO,oo,
gooboogobobbooobobobbooooboobooa.

221 0OJO00O0OO0OOOOOOO

00000,0002 00004, 00000 GD)=[,1+D000000,20
000000000,0000000BPSKOOOOOOO0.000000 (tia,tiy) =
{(+1,+1),(=1,+1),(=1,-1),(+1,-1)[i =0,1,2,3} 000,00 0,00 ¢20 AWGN I
000000,000000000000000000000000,000000 (a,y)

Opdf0O000OD0OODODOOOOOOODO.



Transition A Transiton B Transiton C  Transition D

g 2220000000000000000

o) = gy ey (- LA (1)

2mog 207
00 6900 00000000000000 pdf000000O0OOOOOOOO,O
0000000000 DO0bO00O00000DOO0oDO0,00,AWGNODODOoOoooo, O
O000oobobooobobooboboobooobobooobbooboboooooo
Oo00bOoooooob. bbb obooobobobooooooobooo
Oo0oooooooooo.

mi = ( —uie)? + (y — ui,y)Q (2.2)

0210 (000, (b)000000000000,()00000000000000
000000000000.00 ()0000,00000 s,s,00000000000
000,4000000,0000000000 ap,e,000000000.

agp = min{mg, k + mgz} (2.3)

a; = min{ms, k+ my} (2.4)

0000,00000000000400000,000000 220000 AB,CD
00000.00¢000000000000 pdf f®(ay,e) 000000 6(-)0000



oooooo.
‘//Cfmwmm&m—mﬂwﬂ@m@wwwﬁ
Cr = {(z,y, k)(mo <k +ma) A (ma <k +m1)}

/ / [ (a0 = mopaten = m) FD k) oyt
= {(z,y,k)|(mo < k+mg) A(my >k +my)}
//ﬁkarw ms)d(ay — ms) fV (R)h(z, y)dzdydk
Cs = {(z,y, k)(mo >k + m3) A (my < k +ma)}

y//[;&%_k_mwﬂm_k_WMﬂFWMMmeka

fDag, 1) =

Cy={(z,y,k)|(mo > k+m3) A (mg >k +mq)}
(2.5)

OO00,pdf 000000000000 agn 00 O O0O0D0O00D00O, z2=013 —ap O
Ooboobobooboooooog pdtdbonbon,

D(z) = /OO (g, 2 + ag)dayg (2.6)

000000000 m0 2y00000000000000,0 (250000000
Uooooooooo.

o [LLL [t

h(z,y) 4 (k)dkdzdydag (2.7)
g, z|k, z,y) = {6(cg — mg) - U(k + ms — my)
—l—(S(OéO — k’ — mg)U(mg — l{} — mg)}
A0(z + ag — ma) U(k + my — my)

+6(z+ag—k—my) Umag —k —my)} (2.8)



000,00¢00000000000000 S(i=0,1,2,3)00230000000

0.00000000000¢=00000 s,0000000000000,00000
0, 0000000000000.00000+¢=0000000000000000
000000000,000000000000000000,00¢=00000 50
0000000000000000000,00¢=1,2,---, 700000 8 0 s1, S
O s, S0 80,51 00000000000 ¢=00000000000000.0000
00000000000 00000000000000.

step 1) 00000000 pdf00O0

fOr)=6(z)00, fYx) 0000000000000 (27)000 fO(x)00000.
00,000000000000000000000 pdf000000O0O0OOOO [70]
oooooooo.

step 2) 0O O
O0t=000000000.step1)0000000000 pdf f,(z)0000, 5,0 2
000 pdf O fO(2,8) = f.(2), f(2,8: #S)=000000000

step 3) 00 DO00DO0OO
fO(,S)00000000000.

S} —o00 J—00J -0 J—00

-g(ao, z[k, 2, y)h(z,y) [ (k, ) dkdrdydoyg

000 S00000000,00¢-108,(j=0,1,2,3)000,00¢08;(i=0,1,2,3)
00000 $,0000000000. ¢SS, k2y)000000000000000
00,S,0000000 (k,y)00000000000100000000000.



Q<Sl‘S;a k,:c,y) =

1 (Zaj) :{<070)7(071)7(372)7(37?’)}

0 oherwise

[DD B]m0§k+m3DD mo>k+m; 000:

q<Sz|S;a k,m,y) =

1 <Z7]) :{<070)7(171)7(272)7(373)}

0 oherwise

(00 Clme>k+ms00 me<k+m O00O0:

Q(Sz|S;7 k,x,y) =

1 (i7j):{(an)’(271)7(172)a(373)}

0 oherwise

(00 Djmo>k+ms00 me>k+m 000:

q(Sz‘S;7 k,:r;,y) =

1 (27]) :{<070>’(3’1)7(072)7(3’3)}

0 oherwise

D000 f¢Y(,8)000000000000,00 A, B, C,D0OO0OOODODO
000000 fO(zS), fP(2,8), fO(z8), fP(S) 00000000, 0000,
fE (2, 8)), f& (2, 8,), 0000 D,AD, fW(2,8) 000000000000 ¢t00
D0D00D0D0000D000 P(t)00D0.
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step4) 100000000
000000 P=%" P#)0000000 700 step3)00000.

step 1) 00 step4) 00,0 230000 fO(,8)000000000000000
000 fD(z,8), f(z,8)0000,0000000000000 fM(2,8)0000
O00000000000000.00000024000.000000000000
02300000000 5000 S000,8%000 0000000000000
O0000000000000,S000000000000000000000 S50
0000000000 0000¢t=000000000000000000000

222 0JU000O0OOoooooboOon

00,000000000000000000000000000000. 00000
0000000000000000000000000000000000000000
D0000,000000000 f5(z,8), fP(2,8) 00000 fD(2,5), fT(z,5,)
0000000000000000.00000000000000000000,02.5
0000,00000000fM(,8) 00000000 fM(2,8),fD(z,8%)0000
00000000000000000000. 000000 fM(,8)000000 2.3
0000 fM(,8,)000 ;00000000 —0<2<0000000000000
000.000 fM(2,8,)00000 s,0000000000000<z2<o0c00000
000000000,00 700000000

0 e
PT:/ f(T)(z,Sl)dz—i—/ FP (2, 8,)dz (2.9)

—o0 0
god,gbobobooooboobuoooo, bbb ooobobobobouoooan

00 PO

Py=Pr+> Bt (2.10)

goo.
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0(210)0000,00000000000,00000 fT(z,S), fM(z,8;) 000
00000000000,00007T0000000000 fM(2,8),fM(z,8%)00
D0000000000000000 fM(,8)00000000000000. 000
00000000,00000000000,0000 fM(z,8),fM(2,8)00000
Do0oo0oo0o00000, fD(2,8), fD(2,5),fM(2S) 0000000000000
D00000D0,00000000000000000000000000

026280 AWCGNDDOOODODOOO 1000000000000 000 (E,/Ny)
D000000000000000. 026,270 7=1,200000000 truncation
00000, Smulation000000000000000O0O0O0OOOQO, w/o truncation
000 [71]00000000000. 000000000,000000700000
00000,0000000000000000000000000000, 00000
D0000000000000000000000000 f(2,8)000000000
D000D0D0D0D0D000000,000000 f(2,5),f(z,S) 00000000000
0000000000000 0000000000on0.

0280 E,/N,0ODOD,0000007T00000000000O0O0ODODOO
O0. 0000000000, w/o truncation 0000 00000000000D00O0
OD00000000000000000,00000000000000000000
fM(z,8)000000000000000000000D000. truncation 00000
O000000000000000000D0000000000000O0D, 00000
OD000000000000000D0000D0O0D0DODOOOOOOOOOD. 00,70
ODO0D0D0D0D0O, w/o truncation 0 truncation 1000 00000000,000000
00 fM(,8)000000000000000D00T0O0000,00000000
00000000 0D00D0D0D0DDDOO0O0o0o0o0o00.
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e JOODOODO S;000O0,00000ODDOODOO S}DDDDDDDDDDDD
gboobobooogn.

e J0DDDOOODODO mODOOOO0O0DDODODO (waeuy,) 0OO0DD0OO0O0O0O0O0OO
gbooboogoboboogoon.
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0000,0000000000000000000 pdf0000000,000000
000000000000 0000000000000000. BPSKOOOOOOOO
000000000000000000000000,000000 (z,y9)0 pdf000
ooooo,

L oo (—@) dv, (2.11)

V2ot

000 v, 0000000000000000 w,,vy, 0000000000, 0 2.7

0000 h(z,y) O h(x,y) 0000000 0,0000000000000000000O
gbobobooogaon.

029 210000000000000000000,0000000000004000O

gbooogogoo 1DDDDDDDDDDDDDDDDD%DDDDDDDDDDDD
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0¢%,=1/2000.000,000000000000000000000O00O00OO
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go.
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Probability of Error



Path memory Iength =1 Probability of correctly

decoding
t=0
o (@)
f(za SO) : v . .
> O e -7 |0 Contribution to

the truncation error

f(Z,m o '-._.> ° f(Z,Sl) z < O/Z -

0 Fah x 0

o

f(z,S2) . Al® f(2,.5)
—> o0 o o 5

f(za S3) L ‘ i f(Z,Sg)
_— ° PY

Probability of Error

Prob[z > 0] corresponds to the event O——O ()
'state 1 is survived at time t'

o —0 =
t=0 t=1
Prob[z < 0] corresponds to the event 0
'state O is survived at time t' i><;
Z

025 00000000000000O0O00000ODOO0
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10
10°
10
10"
10

10

Bit Error Rate

10
10

10

Bit Error Rate

T T
simulation ——

truncation =---%----

w/o truncation - -

0260000000 (T =1, AWGN)

T T
simulation —+—
truncation ===
w/o truncation s

0270000000 (T =2, AWGN)
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Eb/No=2[dB
<>\--:m-- U[Y\/ < [d ] <
10 £ oo
_____ )?__-W U ¢
® .
g 107, 6[dB]
s = = o ‘
o .41 truncation ——
&5 10 w/o truncation --x--
8[dB] simulation -

1 2 3 4 5 6 7 8 9 10 11 12
Path memory length T

028 0000007T0000000O00OO (AWGN)

10° _ - |
simulation =——
truncation ==--s=---
107t — w/o truncation - o
0] Lo, L . "\,\
Jré L 2 . \
~ 1072 b e, N"‘&.._‘a
.
3 ..... L "*\‘.\
“ ..ql-.,.. \
1073 = .
10 g -
m ]
10 *
107°

E, /Ny [dB]

029 0000000 (T'=1,0000000000)
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simulation =—+—
truncation =---%----

10} w/0 truncation - LS

CErTos o, [ ey

(D Sl ST -
I B Ly
-

10 """ -,
g ...... 1N
m 73 "'1[..

L T
| Folie
- ..'
m

107

107°

E,/N,[dB]

0 210: 0000000 (T'=2,0000000000)

10-1 4 ;

P VN Ep/No=2[dB]

© e U\4[d|3]

o S

° 107 \ 6[dB

(0]

= - N

@ i N[dB

- truncation ——
w/o truncation :-x--
simulation ¢
1073

1 2 3 4 5 6 7 8 9 10 11 12
Path memory length T

0 211: 0000007T000000000OO0 (DOODDOOOOOOO)
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30 Uudbobobtbdbbbtdtdun
Jobobogdug

3.1 00O

gobbgooboooob,ggobugobbooobuooobbouoooboad,
guodoobobbbuodoogoou. bbb, gooooooobbbuogooa
O0000. 00000000, CSMA (Carrier Sense Multiple Access) 0000000
000 [72]00,000000000000000,0000000000000000
gy U,oUUU U
oo, oooooaag
god,goobb,booooobbboooooobbbooooobobbbouoo
googg.

OO0 [73-75)00,0000000000000O0OCOCO, 00000000000
goooobobbbtuooooooouoobobobb.oooobobbb,bbooooo
gobobooououboobouoobboobobuoboboobuoobboo,uo
oo, bbb boobuoboboobuobouo
O000000000. 00 [rv6-0000000000O000000O00oooooo
g, UuU o
goooooobooobooo. bbb oobobooboboobbuoooobuo
goooboo,gbobodooobuoooobb oo ooooboboo.bo,o
O [79,80)00, 0000000000000 (Signal to Noise power Ratio: SNR) O O
ooy o, oo
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gbbboooobobbooooobbbooodobo. bbbodaa,bbbooodn
gbobbooog,gbbbbouodgobobbbbooooaobo,bbodoooadn
gboobog.

gbobob,g0d0bbbogogobbbuooooobbbodg.ooobobboao
gbbooogobobogd.

e DU UOOOODLODO :ODLDLDLOUOUODLDDDOOOODLDDLDOOOObLDODO.

e I0UU0DLOO0O : D00O0ODLDLDLOOOOOLUDLDLDDLODOOOOLODLODLODbOOOO
go.

e DU UOODLDLDUO :ODDhULOO0ODLDLOUOUODLDDLDOOOOD.

00000000000, 0b0ob0obOo PSKOOO,00,00b0bO0ODbODbDOD
gbobobooooobbbooodo. go,bboggoobbbooooboboooon
g, 0ooggobooougoobn.

go,3200000000000000000,33000,00000000000
goodbooobobuoogobooobboobboooboo.34bog,bbooooda
gooboooooboboboooooboobooog,obboooob.bbobboooon
gobogobob,gbbooobbooobbooobbooobbooobboon
obO,0b000b0b000bo0boobbobobuoobboob,oobo0bobobbo
obobog. bbobooobbboooobboooobboooobboobboo
obob,0bobob0obuobobobooboobo.bob,obo0obobbob 3.5
gboboobod.

3.2 UUuguog

000000 +¢+000000000000000 s, 000,00220000000
O0ng, 0000 200000+ 0000,00000 »00000000.

Tt:St+nt+it (t:].,Q,) (31)

22



00000 [69)00,0000000000000000DOODOOD0DOODODOOODOOO
gbbuogdgbb,gbbbodobbuoobbboobbboobobboobbboon
O0,000000000000000. 0000000000 (Additive White Gaussian
Noise: AWGN) OO O00D0,00000000D0C000D0OC0O0DOOO0O,00000
00000000ddooo »0 s, 000000 m(sg,ry) DOODDOODODDOODOOOO
gbobobooooob.bb,ooobbbbdoooobbboooobbbooodn
goo.

m(sg, 1) = |1 — 8¢)? (3.2)

gobobobooogooobbbbo,ooobobbbbouoog,bbbbodgo
gboboboooobobbbuoooobbbodo. ooob,boooobboboooon
Oooo0oooooo0o0oooooOo,0pboo0oobDoooUoDooD. AWGNOO
gbobuoggbbuooobbuoobobboobobooobbog,bbuoobobbaon
gbobobooooobobboooobbob.boooo,bboooooboboooon
gogooobobbbbobobbboooboouoouououoooooooooooonon
O000000000.0oo0oooooooO,00 Rojoo,ocoooooooooOoO
gbobogbbogobbuoobobbuooobbuooobbuoo,bboobbbaon
goboo.bobooa,ggbobboboggooobobbooog,bbbooaon,
gbooboobogobug3buggbbooobooobboooboo.gbboon
gboobooooobooo.

e JUUOUOUOOLODODODO
gbboodbbuobobobbodbbqggbodobbuob,g0obbobbod
0. 0000000000000000000 m(s;,,m) 000000000, 00O
U,;yooodgoboog.

m(ss, T ry <
m(st,rt) _ (t t) |t| MR (3‘3)

m(se, ) |ri| > g

’

r, = mnrexp(j arg(r:)) (3.4)
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e JUUOOOOOO
goooobbggdppgdbbgoobboobbooobboon. b
gugoooooooobbbboooooooooooon.

(s = 4 0T Il < (3.5)
0 |7l > np
go,0oobobobbbbbbbbboooooooobobobobobobobbbobbn
goboobboog,bboobboog,bg¢«togbbuooobbooboobooo
gdgddoodddodooooooobooooobbbbbbbbbbbbn
gooooobooobbbboboogod.

e JOOOOOOOOO
DDDDDDDDDD,DDDDDDDDDDDDH%DDDDDDDDDDDD
O00ooooooooooooo0. ooooooooooooooooooon
oooooooooon.
m(sy, me) m(sy, ) < 1
m(se, 1) = (8¢,7¢) (86,7) < My (3.6)

Thr m(si, 1) = 03

gbboggbbooobbuoogbboobbuooobbooobb,o0bboon
gbobboboooogbbbboooooobob,gs31bbobouoooobobod
gbo,bbogggobobbuogoooobbbboooooobbooboog,dn
gboboboooobbobooooobobooogboooboboooobobo.booboo,
gbbogobogdao,ugoobbuoogbbuoobbooobbooobbboon
gbobog,bboggbobboobbuogobboobbboooboboboobbboon
gboboggbbogobbuoobbbooo,ogobbuooobooobboboon
gbobbooggobobooogbobooooboobooogbn.
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m

|
A T
{ L] msere) = |7k — sif
R
Sl .
k [ ] mlse,re) = vk — il
] [ ]
(a) Amplitude Limiting
Im
A
/77( ’ ] mlser) =0
~ »Re
& . L msery) = ek — skl

(b) Puncturing

m(sg,re) = 77?»1

=
|:| m(St,'rt) = |T'k; — Sk ?

> Re
(c) Metric Limiting
® Signal Point OReceived Symbol @ Clamped Symbol

g3l o0bbogggbbbooogbn

25



3.3 Ubuobogobooobotoobooobooonoon

0000,0000000000,00000000,000000000000000
000000000000000000000000000000000. 000000
000000000000000,00,000000000000000000000
00000000000000000000000000000000.

03234000000000000000,0000000000000000
000000000000000. 0000000000000000000000
n(=nrmp,y)000,000000000000000001/2,000700000
0,0000000 QPSK, 000000 AWGNOOOOOOO,00000,0000
000000000000,0000000000000 (3.3),(35),(3.6) 000000
0O00.00,0000 |s/=1000.000,0000000000 0000000
00000.00,0000000000000000000000 (Squared Distance)
000000000000 0000000. AWGNDOODOOOOD, 000000000
000000000000000000,0000000000000,0000000
00000000,000,701~2, 0000000000000000000000
000000000000000000000.00,SNRODOOD0D, 000700
000000000.00,000000000 70,AWGNOOOOOOOOOOOO
000000000000000 700 SNROOOOOODO. 000, SNR=4dB OO
00 ng =20, np=2.75,qy =2.25000000.

34 UO0O0ODOOOOOOOOOOOO0O

3.4.1 000000

OO000,0000000000000000O0OOCO00DODODO0OO0DODOO0oDOOaO.
AWGNOOOOOODO QpSKOOOOO,0000000 (Signal to Interference power
Ratio:SIR) 00, 00000000000000000O00O0O0. AWGNODOOOOO
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] SNR=0[dB]
-1 S
10 — 1[dB]
m 1072 T~ 2(dB]
] | —
g .
z N
a 10'3 ~
TN 3[dB]
L -
10_4 \ \\ Squared Distance ————-— |
\\\ Amplitude Limiting ——
5[dB] 4[dB]
107 _

0 020406081012 141618202224262830232
MR

032 00000000000 (0D00000ooooo)

109
~ . '——‘\\ _
1 \\\\\\\\\\\SNR_O[dB]
10 AVANE RN
A\ T~ 1[dB]
w \\ \ N
o 1072 N e
= LU\ L
3
= \
& 10° \
\ \ \\ 3[dB]
4
10 . 5[dB] \
Squared Distance————- \
5 Puncturing —+— \ \\\ ﬂ d Bl
10 L 1 I L |
0 02040608101214161820222426283032

np

033 00000000000 (0000000OD)
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100
] == T 3
1 ~ T~ T SNR=0[dB]
10 \ ~
\ N\ N T~ 1[dB]
w \ NN
o 1072 N ~ 21dB
3 \ AN —_ [dB]
o
g \
& 107
NN A 3(dB]
T Squared Distance ————— |
5[dB]\ AN Metric Limiting ———
\\ 4[dB]
107 - -
0 02040608 10121416 1.820222426283032
Uas

034 00000000000 (DOU0DODOODOOOO)

ooogbdboboobobobobooo, NOOooboboboo 1oboboobo
oooootoot=1,N+1,2N+1,---00000000000000O,00000
ooobobobooobotooob obob.0oboboo pOODbObDOOD, DO
gobuoggbbuoogbiliggooboogobooogbbooobbooob,uon
LO000000 X, 00000 X;000000ooooooo [81).

P, < i > ). B(X})P(X,)P(X,— X}) (3.7)

L=1 X1 X|#X|,
000, B(X;)0DOO0O0D X;0oooooooooooooooooono, P(X,)O
00 X, 00000, P(X,—»X;)OOOOOooooooooo,t=10000000
000 X, 00000 X, 0,t=L0000000000 X ,0Oooooooooo.
0000000000, X, X; 0000000000 ooogooooooooooo
00000000000000000000. 00 [82]00,0000,0000000
0000000000000 O000b00bO00bO0, 0000000 bOobDOobDoOooDo
0000000000000 O000O00b0O00DO,00000b000DbO0obOOoDooOoOooDo

000000000000, 000000000000000000000000O00O00O0,0000
obooooOobooooboobooon.
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000,000000000000.

00000000,00000000 KOOOODOOOOOOODO00OO00O0OO0o0a0O,
p000000000000000. 00,00 ¢2000000000000000
O000t=1,N+12N+1,---000000000000.00¢000000000
0 ¢, 00, ¢ =61, dnw,dovet,--- 0000000000000000O00O00000
P(X,— X,|¢)0000, P(X, — X,)000000.

P(X) = X)) = /¢ P(¢)P(X, — X}|¢)db (3.8)

000,00000 0000 KOOOOOOOOO,00000 ¢ = 20820 (k=
1,---,K)00,¢,000000 P(¢y,) 0000, L<NOODOOOOOOOOOOO
0o0oo0o00ooooon.

K
P(X, — X1)~ Y P(ors)P(X, — X |d1s) (3.9)
k=1

00000000000000000 P(gx)=+-000.0000, P(X, — X}|éuk)
000000000000000000000Z0000000 px(2)00000 Z>0
000000000000000,0000000

P Xilow) = [ pal2)az (3.10)
0
L
t=1

ze = m(sy, ) —m(s;, ) (3.12)

000,mO00 (33)-(3.6)000000000000,s,s,000000 X, 0000
000 X,000¢0000000000.00 L<NOOOOOOOOOOOO00O0
00000,L>NO0000 (3.7)001000000000000,0000000
000000000,000000000000000000000000000000
000000000. 0 (311)0000 px(2)000000000000000000
0000000000,000000000 Z000000 Z°0000,000000
000 Gram-Charlier 0000 [83]0000000 py(2)00000.
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3.4.2 0O0OO0OOO

0000 X000 pdf (X)DOOODODOOOO,00x,0 (0OO0)0ODOO0OODODODO
gboooogg.

X" = /Oo X"f(X)dX (3.13)

OO00O000,0000 XOpdfOODOOODOO,0D00000D0OOOODOODOOD
000000000 pdf0b00D00OO0ODOODOOODOODOODOO.ODOOODOODODOOD
OO00000DbO00DO,0000D000D0O0pPDO0000D000DOO0 pdfODOODO
O00000. Gram-Charlier 000000000000 f(X)OOODDODOOODODODOOO
f(X)ODDODODOOOOOOOO0OO0O0OO0,0000000000000000000000
OO0000000000000. Gram-Chartlier 00000 XOOOOOOODOOO
00000 Chebyshev-Hermite 0 00 He,(X)0OODODOODODODODOOOOOOOODO.
0000000 1,000000000000000000 py(X), Gram-Charlier 0 O
gbbbd e, 00O0O000LDODOOO0O0On.

F(X) = caHen(X)pn(X) (3.14)
(5] m e,
He, (X)=n!>_ 7(7;(12 _()2(731)!% (3.15)

(3]

&y
n = 2) ml(n — 2m)12m

(3.16)

000,0000 Zz0DOOODODOOOOOOO. OO00O0O0 ZzOOO, 000000
Zn zrooon

Z=Y z (3.17)

0000000000000, Z0 00000000000 a(t=1,2,---,L)000
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gbbbooodaon.

_ n!
a1+ “Farp=n

/ / Zt Tt,9t|¢k)d7”td9t

(t=1,N+1,2N+1,--)

/ / Zt Tt, Qt drtth

(otherwise)

DDD,ﬂm@wwDDDDDD¢%DDDDDDDDDDDD,ﬂmﬁgDDDDDD
000O00000000O00ooOd - 0060000000000000.000,0
00000000 t=1,N+1,2N+1,---000000000000000000 27
000,0000000000000000000000000000000 z000,
0 (3.18)0000000 Z*00000

00,0000000000000000000000000000000. X, X,
00000000 t=10000,s, s,000000002s000.000,0 350
000 s, =sexp(j0), s, =sexp(jm) 000000 SO000,00000 S0000
0000000 »000600000000000 f(r,6|¢:), 000 2000000
000. 00000000000000000000 wOO000, w=|w|exp(j0)00
0000000 $00000,800000000000+,00600000000
000000000, =r, 6,=0,—e00, f(r,0,]¢) 00000000

Ty

0 =
.f(rty t‘qbk) )
2 2
e 4 |w|? — 2ry|w| cos(f; — ¢)
exp (_ o (3.20)
¢ = tap-! 0SNGk (3.21)
s+ o7 Cos ¢y
lw| = \/32 + 0% 4 2507 cos Py, (3.22)
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OReceived Signal Point @ Modified Signal Point
@ Signal Point

035 000000000 s, s, w
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0000000000000 0,0 (31990000000 360000,0000000
OoOobOnOO00000,000400000000.

o z,: OO DUOOOODLDDOO.

o z: UUU s, 00OOOO0ODLOODDODOOOODODO.
e ;.. U000 sjO000000OOODODDOODOOO.
e z,: 8,5, 00 00000O0DODOODODOOOO.

00000,z 00000000000000000 27,20,27,20000000000.

o= mAgtatey (3.23)
2 ga(6’t
gy = / / f(re, 04| dx)drydf; (3.24)
Ta
- gb(et
zy = / / f(re, 0] or.)drdb; (3.25)
a
2 Jge Qt)
7 = / / f(re, 04l dx)drdb; (3.26)
qc(0t)
o 9d 9z)
zi = / / f(re, 0] @r.)drdb: (3.27)
qa(0t)

000,0¢g¢0ny, 0000000 s (s>00000000006000000,0
000000000000, 0000000000,0000000000000000
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M/// > Re
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gbboogad.

2 = a4+ (3.28)
2m ga(et
Zn = / / —4rys cos )"
da(
Tt79t|¢k )dr:df, (3.29)
o 95(0t)
2 = / / (n3; — 12 — 8% — 2r;5cos 6;)"
a(
7“t>9t|¢k )drdf, (3.30)
o 9e et)
2T = / / 72 — 2ryscos O + 57 —n3,)"
qe(0t)
Tt70t|¢k drtth (331)
9a(0t)
% = / [ 00 donyinan (3.32)
qa(6t)

0000000000000 0000000,0 (3200000000000000 QPSK
0000000 62=0,e=000000000000000,SNROODOOOOO,
obobooobooobb,ooboobboooobbooobbbooobbog.
obog,o0bob,0bogboobboobobooboobboobooboboobbo
OoO0,0000000000O0DOO000bOOO00DOOoOOoDOOO.SNROOOO
000000000,QPSKODODONODONONONONONONOOOGO,O (3.2),(3.18)0000
gbooog.

3.4.3 0UOO0OO0OOO

0373120 00000000000000 ROOCOOOO0OOOO. 0000000
00,0000000000000000000000000000000 Gram-Charlier
0000000000000, 0000 1/2,0007000000,0000000
QPSK O OO, N = 100, SIR=-15, -10, -5dB 0 0, Gram-Charlier 00 00000000
000000000 1500000000000000.00,00000000000C0
0000 KO8OODDOOOD,KO8OODDOODODDOODODODOODOODOOODOONOOOO
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162 B
\\!ﬁ
o AN
Z 163 N
>
g 10? RN
z N
g 107 N
-6 | Upper Bound (Amplitude Limiting) _, \\\ N
107 F Simulation (Amplitude Limiting) o AN
10'7 [ Upper Bound (Metric Limiting) ——— ™
3 Simulation  (Metric Limiting) . AN
10_ " " " " " r
0 1 2 3 4 5 6 7 8

SNR[dB]

0 3.7:SIR=-5dB(0000,00000000000)

109
1
10-1 s \\
i S
\\\\\ [ ]
1072 Tl '\\
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g -3 \\\\\
;m* 10 1.\\
g 10? N
z 5 ™
& 10 ™,
II\\
16°® [ Upper Bound (Amplitude Limiting) —— ¢
_7 | Simulation  (Amplitude Limiting) . \\,\
10" | Upper Bound (Metric Limiting) —— N
1 0_8 Simulation  (Metric Limiting) " AN
0 1 2 3 4 5 6 7 8
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107! 1N:\\4’\‘
10 2 T~ \
\\\\K \
UJ - \\
= 107 T
t N
= 4 \\\\
Sc 10 W
g 5 N
a 10 N
6 . N i\
10~ FUpper Bound (Amplitude Limiting) —— >

Simulation  (Amplitude Limiting) & \\\

10 ° F Upper Bound (Metric Limiting) ~ —=-- AN
_g | Simulation  (Metric Limiting) - \\
10 L - L I L N
SNR[dB]

0 3.9: SIR=-15dB (0000, 00000000000)

gob.0b,bogoogobbobobuodooooobbbbooooooooboobod
gbooboogog.boood,

e NODOUOODUODODO,0bOObODbODbDODDbDODDbDODDO,DO NOODO
oobooodoboooboobooboboboooboob.oboobooboboo N
obobodobo,obgooboobobboboobon,

e HOUODOODLDOODODOLODLOUODLODOODLDOODOLOODLOODLOOD
oooOo,00bboooobboooobboooobboooob,buon
gbboodgbobboodobb,oubbbo.odgb,ooobbbooobboo
gbogoboogbboooboabbodobb,oboob,gobbodgbod
obooboooboobboooboo1booobooboo,boobbon
gbbobuoogobbbooobbboooobobobuooobobog.

031000000000, 00000b00000bOO00O0SNROODOUODODDOODO
00000, Amplitude Limiting, Puncturing, Metric Limitine 0 0000000000
o000, b00b0b0o0ob0,00b0ooboboob0boooobOoo. 0og, b 3.2.340
O00000,00000qpD00000O0DO0O, AWGNOODODODODOODOOOD

37



000.000,70000000000000000000000000000000
00,p000000000000,00000000000000000000000
0.0000,031000070,AWGNOOOOOOOOOOOOOOOOOO0O0O
00 p00000,00070SNROOOOOOOOOOOOOOOD. 00,0000
0000000,0000000000000000000000000000000
0.0373900000000000 (Amplitude Limiting) 000000000000
(Metric Limiting), 0 3.10-3.12 000000000 (Puncturing) 0000000000
000000000000. 00000000000 SNR=0~3dBO SNROOOOO
000000,0000000000000000,0000000000000000
000,000000000 10°0000000000000 SNR=4dBOOCOOOO
0000,00000000000000000000000000000000000
000,0000000000,00,0000000000000000000000
00000000000000000000,0000000000000000. 00
0,SIRO0D00O0000C0O00000O00000O00D0N0N00ND,0000000on
0000 SIROOOOOOOO0OO0OO0O0COO0O,0000SIRO0OO0O0OO0O0O0
000000000000000000000.00,000000000, SIR=-10dB
0000000000000000,SIR=-1dBO000000000O0000000
oooooooooooo.

0000000000000 00000000000000 3.13000. 0 3.7-3.120
0000000, N =100, SIR=-15, -+, 0 dB, SNR=6dB, ng = 1.2, np = 2.0, nas = 1.8
000. 00000,000000000000SIROO0OO0OO0OO0O00O0000
00000,SIR=9dBO00O00O000000000O00O0O000O00. 000,0
000000000,0000000000000000000000000000,
SIR=9dB000000 100000000000000000000,0000000
000000 SNROOOODOODOOOOOOOODOODOOOOOOO0. 000000
0000,00000000000000000000000, SIR=10dBO0O0O000
0000,000000000000000000000000,0000000000
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OO0. 000000, 00000000000 SIR=-1dBODOODOO,000000
gbobbobouoooogbbbobbo,ogobbbbouoooobbbb,o000n
gbobbbouoooogbbbbboogo,obbb,ooooobbbbboooogaann
gobbbbbodudgouooooda,bbbbbbboooooooobobbobb,od
guogubbbdodubobbododo. boodoboouoooooo,boooobbn
SIR=-10dBOO0O0O0OD0O0O0OO0, 0000000000000 0000O00D0000O0
Oo000O0O0,00000D000C00O0,000036-(b)00D0DO0O0O Z, 00000
Oooooooobooobg. SIR=9,---,-6dBOO0OOOOO, 00000000000
gbbouoggbbodgbbooobboodo,buoobboobbboobbboon
O0,0000000000,000036-«(b)000000 4,2 000000000
OOobooooooD.oob,000bo0boog SIR=-10dBOO0OOOODO,DO00000
OooooooooooobooooooobobobOoboboboboog, SIR=-9,
---,-6dBOODO0ODO,0D00000O00ODOO0O0ODOODOO0O0ODObOODObOOn
OO0bO0o0o0oobo0obo0obooboobobboobooboobooDO. SIR=-5dBOODO
ooobooobO,0b0ooboobgoboboooooooobD,obDoo SIROobooo,
gogbbobbbbdodddddoudooooooooooooooooooobn
O00,00000 [79,80)0 000000000, 000000000O0DOOO0ODOODOO
gogoobbobbobo,bbbbbdgoooooooobbbbob. oo, o0ooon
Onp000,00000000AWGNOODOOODODOODOOOODODODODO,nDO
SNROOOODOSIRODOODODOODOOODOOODOOOOODOOO.0DbO00D00O SNRO
SIROODO00O0O0O0ODO0ODOO0ODOOOOOqpOODODODOOODO,D0 310000000
goboogobboqygbooo,bogobbooobb.ogoobbog, g 310
OoooOobOOooocoboo,000b0b00ob00 AWGNODOOoOOooDoo,0o0obooo
OO0O0D0O0O0,00000SNROSIROODOODOOOpOOO0O0O0O0O0C0OO.DO0OO
OoooooboOo,AwGgNOOooooooooooooobooooooooobooboo
gbbuggbbooobboa,buodbbuoobbdooobboobbboan
gbbboogobbbuoooobbboooobobboooobn.
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SNR[dB]

0 3.10: SIR=-5dB (00000000, 00000000000)
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8 Simulation (Metric Limiting) = \\\
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0 3.11: SIR=-10dB (00 O00O0O0O00,00000000000)
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10 . . . i
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U31:0000000b0o0b0040goo

SNR[dB] || Amplitude | Puncturing | Metric
0 2.00 3.05 2.50
1 1.87 2.92 2.42
2 1.72 2.70 2.25
3 1.62 2.57 2.18
4 1.48 2.35 2.05
5 1.36 2.22 1.95
6 1.20 2.00 1.80
7 1.12 1.85 1.60
8 1.05 1.75 1.52

3.5 UQ

goood,buogoboodbbogobbooobboobo,oooboobo,onooa
goobooooobbbooooobooboo,obboboooooboboobobooo. oon
oboboobobg,bobobboobobboboboboboboboobuobbobo
obooboobobooboobo,bboobuoobbooba,bboobbobbo
gbboodbbuogobuooobbooobboobboobobooobboobboan.
O,00000000000O0000D0O0,SNRODOOOOOOOODOOOODDOOO
gbbboooobbboooabn.
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040 Spinal000000O000OO
Jobobogdug

4.1 OO

gbobobbooooodoobbbb,oooobobbbbodoooa,bbbbbodao
000000 (Signal to Noise Power Ratio:SNR) 00000000000 OOOOOO
O.000000,0000b00b00bo0booboooboOo,ob0o SNRODOOOOD
gbobobooooobbboooo. gobbbuoooobbobooooo,bboooon
0000000000000000000000000000 [59-62. 0OoOoOoO0O0O
O LANOOOODOO 80211 2900000000000, SNROOODO, 000000
gbbuoggbbuooobbuooboboboog,buoobbuooobbooobboon
gboboo,0boggbboodgbbuooobbuoobbuooobboobobboon
gobobo.ggggbbo,gooobobooooobbbooooboboooon
OOobOoooobo,SNROO0OO0OODOOOOODOOobOOogDo. oo, SNRODOOODOOD
gobog,boggbboodgbbuoggbbuooobbuooobboobobbaon
gobob,gggbobogouobbbooo. oobbbooooboboooon
0000000000000 00O00000000oOO 300000000, 00O
gobob,dgggbobbodgooobbobbouoooob,bbooooogn
gooobobobbobobobobobobbbboobotoddodooooooooooooon
goobod.ggooobbooooobobo,oobbboooobobobboooon
gooboooboooooga,obobbobbbodoooooboobboboo.oooon
0000000000 bO0bO0obO0oO00o0bD0obobO0obOOooObOobDOooDbOon, SNRO
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ooooobooobooboo.booboobo,booboobUoobUoobOoobo
000, TornadoO O [64], LTOO [65|00000000000000. 0000000
000000000000 000000000000000 Raptord O [66] 0000
O,Raptor UOUODODO0OD0DOOOOO0ODODOO0ODOOOO0ODOOO0ODOO. Raptor 00
O LDPCODO 4]0 LTOOODOOO0OOODOOOOOOODO,LTOODOOOOOOO
OAWGNOOODODOOOOoooooooooooo [e7rjoooooooooo. o0,
LDPCOOO0O0OO0OO0O0O0OOOOOODODO Hsu-Anastasopoulos 00 [84,85] 00000
Oo0oooo,0bo0bo0b0oooboobooboboooboobooooo,bo
0000000000 0oo0oboo0obooooooo. ooooboog, PerryOonog
O000000000000000 Spinal00 [68,86,87] 000 0000000O0OOOO
0000 ML (Maximum-Likelihood) 00 O0OOO0000OO, AWGN, O DODOOOOO
0000000000000 D 8SmooooO. Sspinal 000000000 OOOO
O0000o0o000ooo0o00oooo0oooooooooO,0n Beooooo
00000000 Beam-algorithm, M-algorithm OO0 OO0 O000000. OO0OOO0O0O
O0O00000ooOo,0b00000ob0b0o0bo0oboooobooboooo,ooDo
00000000000 bO00O0o0bO00oO0Oo0obOOobO, 000000 bO0obDOoooOooo
00000000000 00.0000,00 [8e00000O0ODOO0O00O0OOOOOO
0000000000000 O00000bO000bO0obO0o0oDbO0ooODOoo0bOobOOooO,000
000000000000 0000000000000000000 (bits/symbol) OO
O0000000O000b0o0b0o0bO0.0bo0bO0o,b00b0o0bOoOobOoOoDO
0000000000000 0O000bO0DOO00bO0obOOo0obOoDo0oDbOoD,0bOooOO
0000000000000 0DO00b00bO0DO0O0O0. 0DOD0obOooOOoooOobOooo
O00000000,000000000000000000O0O [gOoOOoOoooO [69]0
ooobogoobobooobo,oobobooboboooboboboboobUubobobo
000000000000000000000000 [16). 0000, Spinal000O0OO
oobooooboobobooobooboboobo,booboboboboobooboog
oooboooobooobOo,0bobooobobobooooDooboboboog.
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0 4.1: s, 00000

4.2 Spinal0 0000000

4.2.1 Spinal0 00000

Spinal 00O 201100 PerryUDOODDOODOODOOOOOOODOODOOODOODOODO
OO0,000b0db0obobo0oobooboobo0ob0oboboboooboOo. bo, 00 LAN
gobobooooooobbobboduoooo,bbbuoogogobobo,o0d0n
oOooobobooobooooboo.obobobo,bPCObOO0bObOObDODOD
ooboooooobobooooooboo,0MLObOOOoOooooboooooobooo
god. dud,ggoggooobobbobobobobbobb,ddddugooooooon
00000000 0000oo0oo0o000oooo0O Be|DOoDoooo00. oo, o
gbobogoboboooobuoobbbooobbooob,ogbboobbboon
pair-wise 000 [90]0 0000000000000, 000000000000000 s
gopooobooogoboooboogo. ogogobobobboooooog,bboa
OO0D00000DbO0O0D00oDOO,SpinalJ00000DO0OOOODOOODOODOODOODO
O0000,00 8800000, 0000000000000 000D0D0DU0OOOOO
O00 pair-wise 00O 000000000, Spinadl 00000000 OCOOOODOO
gboogobodab. bdg,bobobbdodobbodgbobooboobboob,on
O0000,00000000000 JenkinsO one-at-a-time D 00000 [91]0000.
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0000000000000000000000000000.00¢0000 v00
00000 s ={0,1}, k000000000 my, ={0,1}*00000000 A000
0,0 (41)000000¢+10000 s,,00000.

St+1 = h(St, mt+1) (41)

00,s, 0000000000, N, UOOO0Oo0o00o MO AODOOOOOOODOO
000.00,MO0 k000000 Ny(=[¥2=))000000000 m, (t=1,---, Ny)
O000,000000000 so, 0000000 mO0AO0O0¢t=100000000
0s0000.00000,t{=N,00s.,,m0h00s000000000.04.1
0s 0dogoooogog, s, 0ogoodod m 00 s, OO0O0OOO0OOOO
oo0dooooo. ooo, s, 02000000000, 000000ooooooon
Oo0o00oOoO000o0ooooD. oo, s d0b0bobO0bbo0oooooo 2c00000on
O00000000000000 ®e|OOo0O00000,0000ooooooooO, o
0000000000000 DO000bO000D000o0boOOo0DDOog. Spinal 000
doodoooooooooooooooobooo,goooooooooooooon
doooooo, oo oooooooooooooon
goooaa.
O04200000000000000000000DO0O000DOO. Spinal0O0DO0DOO0O
O00000bOO00oO,00b00 20000000 coooobooo,bo0o0 cooa
00000000000000000000000. 00 Be)0ooooooooo, o
0000000000000 000000 (Quadrature Amplitude Modulation:QAM),
gdtdoootuooouboooobooooooouo, oo ooooouooooobo
000000000, 000000D00D000000D0O0O0D00 QAMOOOO. 00O
OO0 z,; 0000, 70 passcount UO O, 000000000000, 00000
T11,T21," " TN 1, T1,2,T22, - D OOOOO passcount j U OO0 N, OOOOOOO
OO0000,passcount j 0000000000000 passcount j4+10000000
gdddododo. oo ooouooo, oouououoo
oo oouo. oo od eoooo
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00000000000000000,000 R (bits/symbol) 0 R=Ym2 000, pass
count {00000000000000000O0.

N, N, k
R = msg msg _ 4.2

0000000000000,RO0000 000000000, 00000040000
0000,000000000000000000000000000000000000,
00 [87]00 k=400000000.0000,00000000 4 (bits/symbol) 00
00000,SNROOO0OOO00000,0000000000000000000000
0000000, Spinal000000000000000000000000000000
0000000,00 passcount 0000000000000000000000000
N,080000000000,q=8¢=4¢=6qu=2,q=>5q¢g=1,q="7q¢¢=3
0000,0000000000000000000000000000000000
oo.

1. passcount y =10 00.

2. 000000000000000000v0v=10000000,2;,(i=1,---,Ny)
gboooboooooooo.

(a) D000 Zypsuy(u=0,1,2,---,% 1)0ODOD0OO. 0000000000,

oooooooo0oO0 2(b)0,00000000000000000000
gbobbooogbbbogg.

(b) v<80ODDODO vOOO +100,2(a). 0. v=80000 3.0.
3.j000 +1002.0.

oo, 0b00bdbouobdoibd »; 0000000 ¢, 00000000000,
gbogbuogbbuogobbuoobbuobbuogbbuoobboobbobooobg
gboboboooobobod.
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4.2.2 Spinal0 00000

Spinal 0000000000000 O0O0O0O0O0COOOO0O00,00000020 vy,
0000000 «,;, s, 0000 s, 0000000000 «7,(si;),0000 Spinal O
Ooooooobodooboogooooo vioooooo s;00000000.

I Ng
V=" lyiy — &ii(si,)) (4.3)

j=1 i=1

O00000,000000000000000 [68]0000M-0O00000O 92000
0. 00, 00000000 oooooooooooooog, oo
0000000 98]0 a—p0O00 R70000C0O0ODODOOOOOO.

4.3 O0O0O0OOOOOOOOO

4.3.1 O0O0O0O0O0OO0OO0OOOO

000000000000000,0000000000000000000000
0000000000 N,0000D0000000D0000000D. 0000, 0
00000000000 00000000000000. 000, pass count [ 0000
T11,%21, TN, 2y, 0000,i=N,00000000000000000OOOO
00000.0000,0000 N, 0000000000000 RO

Nmsg

R— __ttmsg
(Ni + Niaar)l

(4.4)

O00,00002()00000v=1000000000000000000000.0
0,0 (43)00000000000000000O00OODODOOOOOOOOOOOD.

Il Ng+Niail

V=" g — dag(sig) o (4.5)
j=1 =1

000 pi;0 4,/ 0000000000000000000000 p;;=0,00000
0O0oooop,=1000.
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4.3.2 0O0O0O0OOOOOOOOOOO

0 (44)00000000, Ny Ny 0000000000000000,0000
0000000000000000000000.0000,00000 NOOOOOO
00000000000000000000000.0000000000000000
000000,000000000000000000000,00000 (160000
0000000000000000000,00000000000000000000
00000000000000000000.000,000000000000000
0000000000000000000000, Spinal00000000000000
00000000000000000000000 [86,87. 000,00000,00 N,
0000000000000,00000000000000000000000000
00000,0000000000000000000. 00000000000000
0000000000 Spinal 0000000000, 000000000000000

00,0440000 N,OOODOOOOOOOOOOOOOOOOOOOOCOOO
00000 W, W,00O0OO,00000000000000 pass count D j1,5. 00, O
000000000000000000 v,v»000.000,N,00000000,0
00 N,ON,=N,/2000.000000000000000,Ww,0W,000000
00000000000000000,0000000000000000000 W,0
0000000.00,00000000000000 W,,W,00 440000000
0ooOo0o0O0O0O0o,WwW,00OOW,00000,0000000000000000
000C0O00. 0000000000, W, W,000O0OO0oO00ooooooooooao
00000, W, O passcount O 5y >, 0000000 W,0000000 2,000
0000, =40000000 W,,W, 0000000 y,,,,2),, 00000000
0.0000000000000000000000000000000000.

1. passcount j; = 1,5, =100, vy, =1,v,=1000.
2. j1>j2|:|[j 2(&),]1:j2|:|[j v > v U0 2<b),j1:j2DD vy =v, U0 2(0)[]
() 0000 W,00000000000 &, g,,=0,1,2,---,% —1)000

20



Ooo.gboooooogobo,w,0bobooboooboooooooobogon
02.(a)il, 000000000000 3.0.

i vy=800 4000 +10,0=100020.v<800 v»000 +1
00 2.0.

(b) DODO W, 00000000000 2, ,,w=012-,%_-1)000
00.0000000000,Ww,00000000000000000000

02.(b).i0,0000000000003.0.
vy <800 OO0 +1002.0.

(0000 W,Wo 00000000000 Zyssuj Thrsu,t =
0,1,2,---,% - 1)00000. 000D0O0ODO0ODO0,Ww,000000
O0000000000D0000D 2(0)i0,0000000000D0O 3.0.
i.01:U2:8DDj1,j2DDD+1D,U1:U2:1DDD2.D.U1<8DD

v <800 v,v, 000 +100 2.0.

3. 0000000000000,00000 W,000000000 spined00 W,
00000000,W, 000000000 spine0000000000. 0000
O, W, 0000 W,00000 j; =jo,m =0, 0000, W,00000000
jao=1w,=10002.0.

00,0000000000000000000000000000000000000
00000000000000000000. 000000,00000000000
0000000000000000000000000,00000000000000
00000000000000000,0000000000000000000000
ooooooooo.

000 000000000000000000000000000000000.
C=6,k=4M00000000000000000000 B=64, Nygy=100,0
00000000000,000000000000000000000000, AWGN
0000000000 (bits/symbol) 0000

o1



0 4.5-4.8. 0 Nps = 256,128,640 000000 SNROOOOOOOOOOOO
0,000 Capacity D AWGN O OUOOODODOOO, TalODDOOOOOOODOO
O, Sliding Block UD O O0OOD0OO0OO0O0OO0OOOOODOOODOOOOODOOO. OOO,
Nmsg =256,128000000000000000000, Nyee=06400000000,
0.2—0.6 (bit/symbol) 0D DOO0O000,00000000000000O0 N,sO00OO
gooobbbbbbbbbb. oo, 00oobbbbbuooooooooooo, o
Oooooooooooboooooboooon, Ny, dooooooo,o00o0o00ad
gboboooobooo.

0 4.80 SNR O 10,20,30dBOD0OOO, NO 64,128,256 00000 0O00O0O0OO0OO
oobooboob Rs,O000000O,b00b000b0bbOO0DOobOobOobOoboooDo
R, O00o0oooooboobobobo RRODbOD Rgy=R;—R,O000O0OO.DOODO,
Nnsg=2560000000SNROOOOO,000000000000, Npsg = 128,64
Ooobooooooobobodooooobooooodoonoooboodgond, Ol NysUO
gbogobobogoubuodbodooboobobooboobogbooboboob.

4.4 OO

OO00O0,Spinal DO0O00O0O0ODO0ODOOODODODOODOODOODOOODODO
. ototod,gggooooogooobbbbbotboodd,ggooooooon
gbooboogbbogobbooobbo,obbuobobbooobboobobbaon
gboboboooooboboooobood.
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We determine the best path
in the forward block.

jl .......

When the forward window is decoded,
the window is then shifted to the next block.

044 000000000000D0OO
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rate [bits/channel symbol]

rate [bits/channel symbol]

O = N W ~ 01 O N 0 © O

O = DD W &~ 01 O N 0 © O

SI T —
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T'xx
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045 000000 Np=260000000
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10 . | |
Capacity ——
9 Sliding Block --+--- /
© 8 | Tail -m p
= / e
% 7 / /’,..’-:-.‘. ........ k)
© 6 / x;ﬁf..--
c s
% S |
-S 4 ,:t"’ """
9, 3 //,g
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1 ’4”
ol
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0 47: 000000 Nyy=640000000
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0.6 N
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048 000000 Npeo OOOOOOOOO
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0560 Spinal0000O0O0OO0O0O0ONON
HREN

5.1 00O

Spinal 00 [68,86) 00000000 [63,6566) ]000000000,000000
0,0000000000 (Additive White Gaussian Noise: AWGN) 000000000
0000000000000, Spinal00000000000000000000000
000000000000000,M-000000 [68,92], Beam Search [86], -3 0 O
0 [87]000000000000000. 00000000000000000000
000000000000000,000000000000000000000000
00000000,000000000000000000000000000000C
00O00000000000000oo.

000000000000000,00000000000000000000000
000000 [89,92]0000000000000,0000000000000000
000, T-000000 [94,000000000000000000000 (95000
0000,00000000000000000000000000000000000
0oooo [96].

0000 Spinal 00000, 0000000000C000O00.00,0000000
000,00000000000000000,00000000000000000C0
ooOoooOoooOoooooog.
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5.2 UUOU0OO0OOOOODOOODOOONO

Spinal 00000000000 O0O,000000000000C0CO00. 00000
i(=1,2,---,N,),00i000000000000 B;00,By,By,---,By, 00000
FOO00. 000000000000 O00O00000000000000000000
0000000000000000.00 [860000000000000 M-000O0
0000000000,00000000000000000000000000000
0000000,00000000000000000000000000000. 00
000000000000 000000 MOOOO0OO00,0000000000000
0000 T-000000,00000000000000000000000000C0
oo.

M-OOOOOOOOOO:00000000000000000000 B,O0OOO
00000000000,000000000.00,004000000000 ByO
000000000000000000i+1000.0000,By2x00000000
0000000 By 0OOOOODODODOODOODOO. 00000+=N,000000,
i=N,00000000000000000000000000000000. 000,
M-O00OOO0O0O0O0O000 B,0000000000000000,00000000 By
0000000000000000000000.

0510000000000000 C=6, Npe=64, k=4, Ny =1000000
ByO0OOOODOOOO ROODODODOODOOOODOOOO0O0O000O000, RO AWGNQ
000000,00000000000000000000000.000 By0OOO
0000000000000 000000000000000000, By=64000
0000000000000000000000. 00, By, 0008,16,320000
000000000000000000000000,000,

e ;0000000000000 D00D«+10000 16(=2)000000000
gooboogon

e U OUOODLDLDULOOODLDOOUOOODLDDLDOOUOODLDDODO

o8



e By 0 l60000,000000D0DLOODOOODOODODOO,DbDO0DODOOOO
gbobboodgoboobod

gboooboogooooo.

5.2.1 T-OUOOOOO

T-0000000,00:i00000000000000000 mypy,; 0000000
0000,B2*0000000000000 m; (i=1,2,---,B2¥) 0000

M = Mapin,i < Tin (5.1)

000000000000000000. 000,7,0000000000000000
00000C0. T.00000000000000000000000000000000
00,Spinal 0000000000000 O000O000O0O000OO00O0O00NOOONno
000000000, Sl 000000000000000000000000. 000
0,000000000000000000000000000 2.(a)0000 pass count
j=100000000,000000000000000 44 8+8u(u=0,1,---, % 1)
0000 0000.0000,00000007000000000000000000
000,220 0000000000000000000000000000000. O
000, passcount 0 j=100000,000000000000000000000
0000,00000000000000,00000000000000000. 00
0,000 (4,5) 000000000000 B, 10000000000000000O
0000,000000000000000000000. 00 passcountd j>200
000000,00000000000000000000000000000,j-10
000000000000000000000000000000,000000000
ooooooooooog.
0520051000000000,0000000000000000000000
BOT,00000000000000000000000, Buee=256000.000
000000000000000000000000,000000000000000

29



O000,00000000000 (Signal to Noise power Ratio:SNR)=20, 30dB 0 0 0O O
0 BO0000D00O0OD0DOO. 000000000000000000 B, 0000
00000, passcount j =10000000000000000000000000O0
goooo,toodo

o I,y oOLOOOoDLOODLOObLOObLOODO

epasscount j =10000, 00000000000000000000000 «0
gbobogoboogdbbdog legbbood,bodgbbogbbuognoooo
00000004+000000000000000 16(=2Y0000000000
O B =206000,00000000000000

e 0D OODLDOODLOO,bDOO0DDLOOODOUOODDOODLDLDOODLOODD
0D0000000000000000,0000000000000,B0000O0

e 000 T7,00000000:0000000000000O0O0DOOOOOOOO
0,BO000000OO

0000000000,00000000000000000000000000000
000000000000000000. T, =0.250.751.25175000 400000
00,00000000000000000000000 2580, T148u, 7180, L3480 0 O
000. 00 SNR=10dBOOOOO BOOOOOOOOOOO, 000 SNR=10dB O
O00OO0passcount 0 j=1000000000,; >20000000000000,
00000000000 00000000000000000000.

5.2.2 JUOOOO0OOOOOUOOOUOOLDOODLDOO

T-0obgbobooobobooboobobooboboboobob,boobobog
gbbuggbbuooobbuoobobbodobbooobbooobbooobbo,n
gbobobooooobbboooobbboooooboboboooo.ob,b0000n
gbbuoggbbuoogbbuooobbooobbog,boogbboobbboon
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*
-
o
-
o
3

I———— e I R it

bits / channel use
N

2 SNR=30[dB] ===+ |

SNR=20[dB] = = —

SNR=10[dB] ——

20 40 60 80 100 120
B

0 bs5.1: By 0000000 R

O00oooOoO0o0o0ooooo0o. AWGNOOOOoOooo,o000000 »,;, 0000000
O00O0e ;000.0000,0000000000000 VelO y;=mx;;+e,;000

gogog
Ni+Niqit

Ve Z Z |yz] xz]|pz]

Nk +Nta7,l

Z Z |€zJ|PzJ—Z|6J‘|2 (5.2)

7=1

DDD,DDDD,DDDD,DDDDDDDDDD V,0000 22000000000
00.000,e0000 (,/)00000000000000000000000000
0.0000¢00000,000000000000000,00020000000,
V,0000000 R, (Vo) DO0OO 0000000000000000 Fau(zp) O
0ooooooo.

(@, 5)
I'(a)
000,000 +(,)000000000000,0(-)00000000000. 00 4,
pass count j 0000, 00000000 ¢,0000000000000000000

Ve
Fy (Vi 2a) = Fo(—;20) = (5.3)
o
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O0O0O,passcount 5, 00 +—100000000000000000000,00:00
gbboboooobbbdododn pe O

Pe = 1-— F%<9i,j> 204)
’Y(Oé, 2‘(/;2)
I'(a)
[(a, 524)
= 2207/ 5.4
000.000,T(,)000000000000000, Na,2)+7(a,z)=(a)000

g.ooo

- 1

Qa,z) = Fr(‘cé(’z')z) (5.5)
oooo,
0;; = 20°Q *(a, pe) (5.6)

000.0000,0000000000000000 p., 000062 (4,5)00000
000000000000000000000 «00000000000¢,,0000
00.00,000000000000000000000 T-000000000000
000,0000000000 B, 1000, Bne 0000000000000O0
05300 52000000000,p.0B000000000000. 000 T-00
00000000 passcount j=10000000000000000000000, 0
0,SNROODOO0OO00O000O000000000000 6400000000000
ooo.

5.2.3 0UU0UOO

0000,M-000000,T-000000,000000000000000000
00000000000, C =6, Ny = 64, k =4, Ny = 1, By = 64Bp0 = 256 [
0,7-000000,000000000000000000000000000000
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10

capacity ——
M-algorithm
T-algorithm s
Metric g

w h~h OO N © ©
T T

rate[bits/symbol]

N
.

—_

5 10 15 20 25 30
SNR[dB]

054: 0000000000000 (AWGN)

O0OO0,SNRO0O0O0O0O0OD0O0O0DO0OD0OO0OD. Os400000000D0O00O00DOO
O0000,000 Capacityd AWGNO OO ODOD OO, M-algorithm, T-algorithm,
MetricOOOOO M-OOODOOO,T-000000,0000000000000000
OO000OO00oooooo. Os1000b0bb0o0o0oooboboooooooooo
O, 0,000 T-algorithm O M-algorithm OO0 OO OO0OODOOOODOO, OO0 SNR
0000 M-algorithm OO0 0000000000 O0OOOOOOOOOOOODOOODOO.
O0,00000000000000000D000,0000 M-algorithmOOOOO0O
O, M-algorithm 0000000000 0O0OODOO0O,0000000000000O0O000
OO00DO0DOO0DOOo0ooooooogn.

5.3 UUOUOOOonooobobobooboboon

O0000000000000,00000 (bits/symbol)DODOODO0OODOODOOOO
OSNROODOODODO,0000000SNRODODODODODOO.OOO,0D00O
SNROOODOODODOOOODOooOoobobooobobobooo,obboobobooo
OO00obO0oOooO0O,00b00b0 SNROOOOODODOODOODOOOODO. oD
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0 51: SNROODOOOOOOO0O0000 B(AWGN)

SNR[dB] || T-algorithm | Metric
5 30.4 30.2
10 24.4 35.6
15 13.0 26.5
20 14.3 18.2
25 20.5 14.9
30 21.6 27.2

OOSNROOOOOOODODODODOODODODOODOOOOO.ODOooDOoboobDoobogoo
g,bogggbobuogaobobo,gbobboooobbobooooboo.
gobogobbuogobb,gbbbogbbbooobbooobbooobbon
go,bbodgogoboobboodgoooobobooogog,bbboooooon
gbobobooooobobboooo. obbbuooooboobobooooobobo,od0n
gbobuoggbbogobbuooobboooboog,bbooobbooobbuoon
goobooooobobboooo.gob,bggoobbbooooboboboooon
goobooodg,bbogooobobbooooboboooobbbboooono. o
gobogobb,gbbooobbuogobbooobbooobbooobboon
oo, oo ooooo, o0, obobobooonbon
OO0O00OO00DbOO0oO0oDOO SNROODOOODOOODODOODO,0D000DO00DOOO0DOO
obooobbgobbooobboobbuooobooobboobbooobobo
gbbh.boodgbobbuoooobbbodooobbboooob.

1. OSNROOOOOOOCOOOOOOOOOOO,000000 64, 00 SNROO
00000000000000 RODO (U, R) 000000000, 00000
OO0 ROOOOODOOODOOOO

2. 00¢t0000000000000000 o,0000000 Ny, dO,d0000
Uod0dbboboooobboood R(a)z%DDDD
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0 52: SNROOOODOODOOOOOOD B(0OO0O0ODO0O0000OO0D0O00000)

SNR[dB] || T-algorithm (count) | Metric (count)
5 28.5 50.6
10 37.8 33.7
15 32.7 26.1
20 18.8 17.5
25 17.0 14.2
30 13.0 27.7

3. 000 R(a)0000,000000i000000 Ri(fer) 0000, R; > R(a) <
R, 000 RO0O0ODOOOOOOO,00¢000000000000000
0oooooo

oo, ooooooag
guoouobobbbooooouoobbuooooouobbbouoooooo,bbbuo,od
gooo T-bogdob,oobbooobbooobbboooobbooob,o0on
gobobobboooooobbbbouoooo. gshbb 4o boo, M-O
00000 [M-algorithm|, T-00 0000 [T-algorithm], 0000000000000
O [Metric|, 000 T-00000000000000O00O0O0O [T-algorithm(count)], OO
00000000000000000000000000000 [Metric(count)] 0 00O
O00O00ooogoog,nb0s200 SNROODODOOOODODOOODDOOOODOOOOOoDO
goooooob. o, dggououobobobbbboooooouobobbbouooo
gooobooboob. ooobobobobbob, T-uddobob, bbb ooooon
gobibbdoobbooobbuoooobboooobbuooobbbooobobbuo
0000000000000 00DO00000o0obO0o0ooDOOo, 00000 SNRODOO
godd,ggduooboobbbbuooooodouooooboobobbooooa.
0565900 4000000000, 000000000000 DLObOD0O0bOObOOO
O0000,0000000,AWGNDOO0ODOO0ODOOO0ODOOO0ODOO0ODOO0ODOO0ODO
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10

capacity ——
M-algorithm
T-algorithm s
Metric g
T-algorithm(count) ------
Metric(count) ---e--

W > O O N 0 ©
T T T

rate[bits/symbol]

N
N

—_

5 10 15 20 25 30
SNR[dB]

055 0000000000000 (00000OO0COOOODOOOOOOON)

guoooobbooog. bg,ds3-s3u0bubuuoooooouo. bob,bgagad
OO0000 AWGNODOODODOODOOoDOoOo,0000b00000,0000000
O000000000,00000000 (Signal to Interference power Ratio : SIR) =
0,-5[dB|0 0000000000000 0D0O0OOOO0OODO. 00,000000000
1000000,00000007(>000A=0.1,00l00000000000000
guoddoooooobobbbboooooag.

f(1) = Xexp(—=A1) (5.7)

goboboog,gobobbbbouoooobbb,buoooooobbobbodan
gbbuggbbuooobbuoobbboobobooobbo,obbuoobobboon
O T-algorithm, Metric DO O DO O0O0OO0O0O. OO0, 0000000000000O
O, AWGNOODOOoOooooooooooooobooooooboooooooooo,
gooobobbbobbobbobobbbbobobododuggooooooooooooon
gbboodgbboobbuoobboobobbooobooobboobbuoo.bboon
ooobd,gbooboboboobdbeubobo,boboboooobobog
goooboog.
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capacity ——
- M-algorithm
T-algorithm -
" Metric
T-algorithm(count) ==--s---

Metric(count) ---e:--

rate[bits/symbol]

N W A 01O N 0 © O
S T

5 10 15 20 25 30
SNR[dB]

0 5.6: 0000000000000 (A=0.1, SIR=0[dB])

capacity ——

- M-algorithm
T-algorithm  «--seee:

- Metric g
T-algorithm(count) - -
Metric(count) ---e:--

rate[bits/symbol]

N W A~ O O N 0 © O

5 10 15 20 25 30
SNR(dB]

057: 0000000000000 (A=0.1, SIR=-5[dB])
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capacity ——

- M-algorithm
T-algorithm -

" Metric
T-algorithm(count) ==--s---
Metric(count) ---e:--

rate[bits/symbol]

N W A 01O N 0 © O

5 10 15 20 25 30
SNR[dB]

058 0000000000000 (A=0.01, SIR=0[dB])

capacity ——
- M-algorithm
T-algorithm  «--seee:
- Metric g
T-algorithm(count) - -

Metric(count) ---e:--

rate[bits/symbol]

N W A~ O O N 0 © O

5 10 15 20 25 30
SNR(dB]

059 0000000000000 (A=0.01, SIR=-5[dB])
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053 SNROODODODOOOOO0O0O000 BOOOOO, A=0.1, SIR=0[dB))

SNR[dB] || T-algorithm | Metric | T (count) | Metric (count)
3 1.0 50.3 29.9 50.6
10 1.0 34.5 37.2 33.6
15 1.0 26.8 33.3 27.0
20 1.4 17.7 18.8 18.2
25 3.8 13.0 16.9 13.7
30 8.8 26.8 12.7 274

0 54: SNROODDOODOOOOOOODOD B(OOOOO, A=0.1, SIR=5[dB])

SNR[dB] | T-algorithm | Metric | T (count) | Metric (count)
) 1.0 49.0 28.0 49.3
10 1.0 35.0 36.7 32.9
15 1.0 25.5 33.1 26.0
20 1.5 17.7 18.6 18.1
25 3.6 13.7 17.4 14.7
30 8.9 26.0 12.8 28.5

055 SNROOODOOOOOOOOOO BOOOOO, A=0.01, SIR=0[dB))

SNR[dB] | T-algorithm | Metric | T (count) | Metric (count)
) 1.0 50.3 29.9 50.6
10 1.0 34.5 37.2 33.6
15 1.0 26.8 33.3 27.0
20 14 17.7 18.8 18.2
25 3.8 13.6 16.9 13.7
30 8.8 26.8 12.7 274
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0 56: SNROOODOOOOODOOOODO BOOOOO, A=0.01, SIR=5[dB])

SNR[dB] | T-algorithm | Metric | T (count) | Metric (count)
) 1.0 49.0 28.0 49.3
10 1.0 35.9 36.7 32.9
15 1.0 25.5 33.1 26.0
20 1.5 17.7 18.6 18.1
25 3.6 13.2 17.4 14.7
30 8.9 26.0 12.8 28.5

057 SNROOOOODODDOOOOO B(OOOOODDDOOO)

SNR[dB] || T-algorithm | Metric | T (count) | Metric (count)
) 7.1 36.2 7.7 33.6
10 1.8 29.6 29.2 34.6
15 1.1 0 36.6 0
20 1.0 0 39.0 0
25 1.0 0 38.4 0
30 1.0 0 38.4 0

051000 40000000000, 0000000000O0DODODLODOOD
obooboboobobobooobobooobob,bsropboboboobobg.
O0,000000000 AWGNODOOOOODOooooDbo,oooooboogooo
gbbogobobobugobboooobbooobobuogybbooobbog, 0
000000000000.000000000000000 ¢%=1/2000.

2
10) = 7 ep(=57) (5:8)
oo, bbbttt guoaaoaad
000, M-algorithm O T-algorithm(count) 00000 OO O 0.2-0.5(bits/symbol) O O
goooooob. o, bggobobbbbbo Mg,

T-algorithm O OO0 1.0, MetricO O OO 000000000, 00000000000
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—_
o

capacity ——
M-algorithm
T-algorithm s
Metric g
T-algorithm(count) ------
Metric(count) ---e--

rate[bits/symbol]

N W A OO N 0 ©
T T T

—_

o

5 10 15 20 25 30
SNR[dB]

0510 0000000000000 (0OO0DO0DO0O0ODOOD)

gboboboooobobbboooobbbooogo. bb,ooo0oboboboooon
goboobo,gogobbobbouoooogbbobbooooogbbob,bouooo0n
gbooboo,gbbobugobbbboogobobuoooobood.

5.4 [0O0O

oboobo,0bgbo0bobo T-bbobogb,bbooboboobuooboboon
OO0DO000oOobOoobooDo spindl 0000000 ODOOOOO.O000ODO,0000
obooooMOOOODOOODOODOObOOODbOoODbOobDOoOobOobObOobLOoOoDbO
OOoobooooobOooboboboboooboo. Do, 000ob00o0ooboOo0oDbDOooO SNR
gobooboooodg,bbobbuoooogbbobouoog,obbobbooooon
gooobbo,bbbbobobtodddgooooooooobobobbob. o0,00o0n
gobooboo,ggobbobbogoooob,bodoooobobboooooon
OOoooooboo.ooobo,AwWGNOOooobobooooo M-OOoooogo
ooooooo M-OOObooooboobooobo,0boobbuooboboobo
gbobuoggbbuogobbuooobbooobooobb,oobbooobboon
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goobobbbbbbbbbbbbbobtbouoddouoooooooooooonon
gboobooodgobooo.
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el UOUOULOLODUOUOUOLOLODOOOODNO
HREN

6.1 00O

Perry D0O0D00D0000 Spinal 00000 (680000000000 Nypsy =24
gbbobooooobbbooooobbbooogbobobboooo.ob,bo00n
O00 se00000,000000000000000000O000O000 SpinallOO
gogd,oobobobbobbbbbibdooouobbbbboooooobbbbn
O,Spinal OO0 O00O0ODOOO0ODOOOOOOOODO0ODOOODOODOOOODbOOOOOD
gbobobooooobobobooooobobb.booa,bbbooooboboboooon
gbooboboooobbbuooobbboooonoboboooonDn.

6.2 U0O0O0OOOUOOOOOOOOOOOOOOO

OoboOo,0b0bdboboboboooooobooboooobobobon. Spinal O
oboooobooboob 4,42000000000000000DO0O,00DO0ODO
gboooogo.

1. Np,0ooooooogoooo sk0b00odoo, Noooooooooood
00

2. 000000000000,0000000000 s, 0000000000000
00000000 sy,s9,-sy 00000
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3. 00000 ;0 2c00000000O0,0D00DOO0DODODODOODDOOODOO
OoOooooOoooo.bogooob,2c0boo0ooooooooooooooboooo
goobooo

4. 0gboob,bobobobobobobobobobobobobo.bobob
gboboobooboobobbo,ogboobobobobboobooban.

00 [68)00000,00000000 s =0,000000 Ny, =24,0000000
00 k=80000000 Spinal 000000000000, 00000000000
00000 30000.000000000000000000,000000 N,O0O
00000000,00000000 N, 00000000000000000000
000000000000000, Spinal 0000000000000 (n,k,d)0000
0000000000000 0000O00ooO.
06100000000000000000O00000O000000. 00,0000
0000 100000000000 Spinal000000000,0000 s,000, 0
0000000000000 000000 s,00000000000000.00,00
000 Spinal 0000000000000 00O000O0000O0O0000O00N0OD
0,0000000000000000000000,000 s00000,00000
00 Spinal 0000000000 20000000000000000. 000,000
0000000 s, 0000000000000,0000000000000000. O
00,32000000 (b,bs,---,byp)0 6000000000000,00000000
00000000, (b, ,bg), (br,- - ,bia), -+, (b3, bsa, by, -+ ,ba),--- OO0,
000,000000000000000000000. 00000, Spinal0000
000000000000000,000000024000,0000000000 32
0000000000000000000.00,000(32,24)00000000000
00000000000,0000000000000000000000000000
0,062000000000000000000000,000 (32,12)0000000
00000000000,000000000,000000000000000000
000000000.0000,0000000000000 2%0028000000
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Message bits

Message bits

Y

So Pro»[st] e

....................

Encoder with
codeword splitting :

Block Codes 4—'

»[g1 ] ----------

Encoder

gel:00000gbobboooobn

76

Channel Symbol Sequence

Channel Symbol Sequence



00,(3212)000000000000000O0O0O0O0. 0000O0O0OOO0O0O0OO
O00000,0000000000 [97f0OD0O0ODOD0O0ODOD 6700 (32,12,10000000
gogoubobbobibdoooooobb,odoooaobbobuoobooaobbbb
D000 e62000.000000000000,00D00,00000000L0 64ASK
(Amplitude Shift Keying) 00000000, 000000000000000O00O00O0O
gbbuggbbuogobbuoobbbodobbooobbooobb,obobboon
gooobbbbobobobbobbbbbobouoddguooooooooooooon
I A A O 6 6
gboob32000000bbuo00bbbuoobbobooobboooobbooon
O00000000.00,06.30 Npsgg=24k=8C=6000000 Spinal 000
OO0O0ob0o0o00,00b0b0o0ob0oboooD spindlD00D00OO0O0OODOOOODO
opoog. bogobboggerdoobboob,boobobooobobooobbo
nooooduooooooooodd, ggdoooooooooodd.

o61r1r0000011100111111010001111101
111100001111 01011111110000001T1T171
010100010001 0110001111001011O010O00
010100110011 10000111110101010100
t110111100101110011111010011000T171
01r01r01000001011011001101001000O0©0@O0
110001001 00000O0110011000011010100
111110001101 00O01TO0O1O0O0O0O0OO0O00O0OO0O01110100
coo0o000000O0O11000111100001101101100
coo0o000001111001010101001010010100
0000110110001 11111110011010001F00
000011111111 0000000000111111110O00

6.3 UUOogogod

goggou,bbbbibdooouobbbbibodooouaoobbbbioodan
000000,0000000000000000000000 (Cyclic Redundancy

7



Message Nmsg bit |

(=Y
o

rate[bits/symbol]
O P N W M 01 O N 00 ©

0 6.3: SNROOOOOOODO (Nysg =24, Ny = 3)

: Nmsg/2 bit

(32,12,10)

Linear Block Codes

| Nimsg/2 bit

(32,12,10)

Linear Block Codes

> St ] > In-Phase
Component

Enc.1
| »r57]...: . Quadrature
Component

0 6.2: (32,12,10) 000000000000

| capacity ——
Spinal(depth=3) /
P
/ _____ X
/ -~ e
[ e
'¢—"t"- "’
10 15 20 25 30
SNR[dB]
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=
o

' capacity' _—
- (32,12,10)Block Codes

rate[bits/symbol]
O L N W M 01 O N 00 ©

10 15 20 25 30
SNR[dB]

0 64: SNROOODOOOODOOO (oOOOOO,00000)

Check:CRC) 00 00D0ODODO0O0DODDOOOOOODOOOO. OO0OD,0000O0
O CRCOOOO0OOOOOUOOOO,0000O00O00O0ODODODOobODODODbDOD
gboobooooobooo.

0650000000 160000 CRC (CCITT-16) 000000000 OODODODO
Oooooooo.0oobboo N—-l60OO00O0ODOOOODOO 16000 CRCOOO
OO0,00000000 NODOODOOOOD 1200000000000000000
0. 00000000000000000 (32,12,10)000000000000O,000
OO0O000OO000DO0o0boDoo0o0oDOo0oOooDbbO 4ASKODOOODODOOOO
gobobb.oooog,goobobobbbbbbbbbobodudoodg,oooooon
ooooooobobobo.ooboobo NODOODooob,crCcOogbooob,oogo
gbobobbouoooooob,buooooobbbbbouooooobb,boooaan
gbobobooogon.

6300000000 0O0ODLOOOOODOODDOODO. N =104,240,392,600
OOooboooboooooboobooobboobbooboooon. 0O LDPC envelop O
802.1In 00 00ODOO0O 6480000 LDPCOOODOO,SNROOODOOODOOODOOO
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Symbol seq. M

sub-block

Message 12bit

; N _1ng“ 16bit CRC > (32,12,10) | spine 1

msg > Enc. : Linear Block Codes 32 bit

precoded .

: Nimes bit B inear Block Codes 32 pit

: 2.3

0 5 =} :

: &8 '

> (32,12,10) | spine M-1

: Linear Block Codes 32 bit

> (32,12,10) | p | spine M

: Linear Block Codes 32 bit

: Rx.

,,,,,, Received Doc. CRG Decoded
symbol seq. 1 | Check Message

Received Dec.

P > Symbol seq. 2

; @

: : ~

Received Dec

O 6.5 CRCOODODODODOODOODODOOODOO
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=
o

capacity ——
N LDPC envelop 648 bits
104(88+16)bits -

i 240(224+16)bits =g
392(376+16)bits -~

i 600(584+16)bits ---

\

\

rate[bits/symbol]

LR

SO P N W b~ OO N 00O ©

SNR[dB]

0 66: 00000 (CRCOOODODODO)

O00000000000000000000000. 000, SNR=15-25[dB|O0O0OOO,
LDPCOOO0O0O0O0O0O0OODODODOODOD 15(bits/symbol) DO ODOOOCOOOOOO
O,0000SNROOODOO,00000 LDPCOOODOODOODOOOOODOODODO
O0000.00000000,000 LDPCOOOOOOOOODODODO 1.5(bits/symbol)
oboboobobooboboobo,oobobobooboboobuobbobo
gbobboboo,oobooboobobobobbobooboobooboon.

6.4 00U

OO000,Spinal 0000000 DOOOOOOODOOODOO,00000000D0O
ooo,0b0bg0booobooobboobbooobooobbo.bo,0bbo
OoOo0bO crRCcOOoboooOoOooooOoooooOoooooOooboooOoooDoooOoo
O.0gbgobooboobobboboobooboobooboobbon.
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70 OO0

gobog,bboggoboodgbbboogbbbooobbooobbooobbon
OOooO0oD,00000,Spinal00,000000DO0OO0O0OOODOODOOOOODO, DO
gbooboooob,ogoobbobuoogobbbooog,bboogoooo.

000,000bbbbooobooboobobobbbbbbdddug,gg0oooooon
gobodgbboggooooobooo,gbbuooobbooooooobbbooon
gooboooooboboboooooobobobooo. oo, bbooooboboboooon
gobogob,ggbboobobbuooobbooobboooboboobobboon
g.gbbobooogooboog,bbbboooobbbooouoboboboooon
gbooboooobooo.

sogg,g0bgobgoboobuoobooboobooboobooboobo
obobgooboboobobooboboobo,goboboobobuobbobo
gb,bogdbobobtoooobbbuoooobbboooobobbooodaobobo.

4000, Spinal 0000000 ODOOODOOO,00000000000D0O00ODAO
gbboodgbboodobboo,bbuooobbuooobboobbboobbboon
gbbobuoooobbbooobbboooobbobuooooboog.

sbbu,bbouogbbbooobbooa,buoogbbooobboogboba,n
gbbuggbbuooobbuoobbboobboboob,goobboobobboon
OOoobooobooobDobD. oo, Spinal 0000000 O0ODOOODOODODOO,
gbbuoggbbuogobbuoobobboobboog,buooobbooobbaon
gbbuoggbbodbbooobbuoodbbooobbuooobboodobb,on
gbbuoggbbuooob,ogbbuoodgbbuoobbuooobboobobboon
go.
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e0DO0O, 000000000 b0O000bO0bOo0bObOo0oO0bObOo0D,000bobo
gbobbobbooooooobbbbuoooobbo,bou,oobobbbboooadn
gbooboogogoooo.

OO00,0000000000000000b000000 Spinal000OO00ODOOO, O
OOooo0ooobobooooboonoooono. oo, Spinal 00, 000000000
gboboboooodgg,bbbuogoogbbbboog,gobbbboooodn
gbbobuoooobbooogbobobooaoooboo.
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HREN

I e A 6
gb o bbb ooobbooogbobooan.

gobooboo,ggbobobboodg,ggbbbobbodooooobobbodad
gooob,bb bbb o0 ogg, o0 b o0 oo, g0 bbb bbb og,o00 o

g odobbboogoooood.
go,d0bogoogoboo,bbodbog,buogbboobboobbooboo

gbooboogobbbooooon.
goo,dgobbobdooboboboogobbobuoooboobobooan.
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