DEri=

W X

T X E o] % ZAlo A trellis- 339 7 /8-shift SPSK

e R R

F@8 ¥® { ¥ @A & B #H* EEA

% B k*
E8R & 5% —* E&A # K > E®8 B &

*

=

The Performance Analysis of Trellis-coded = /8-shift 8PSK
in Digital Mobile Communication

In Tae Hwang* Han Jong Kim! Min Goo Kang® Chong Il Kim?¥
Dae Sik Hong¥ Chang Eon Kang* Regular Members

2 o

B =RdMe tUAE ol% T4 Al2He] dopdt Hold aAide] e HER WA F Ul o
/4-shift QPSK A 5& =313, 11 A%y 48 4§ MEE TCM(trellis-coded modulation) & &3}
o trellis- 3% 89 n /8-shift SPSK 4|8 A<} g},

71&9 n/4-shift QPSK WZ wao] TCM 9 =42 a7d dI9Z £4 A8 1488 210
fRslH A 5ol H2E Ao B33 o]5(coding gain) S & F Uth

ol% EA i doll A trellis- ¥ 53 n /8-shift 8PSK 4] o] Al2¥) %S 2As17] s, 714 N
A 7F-A1¢E A5 g A o] Held o] Exsl aAldolA, AFEE e wE =& Flo) o
3+ #lo]g8-0] 10Hz$} 30HzSl ¥ 7 -0l sl Al 29-S md &),

Trellis-® % 8}¥ n/8-shift 8PSKol] W3t £33} o5 HIE og] &§&& HLsld B, 7|&E
Az AgA 2dE sfol AlZde] MY g wastr] d&, TCM ] Jei+8 4, 8, 1622
ARt v pHs) £ A, 57 ALFE 9 F& A5 S JER R, 7]&9] »/4-shift QPSK A
o} trellis- &8 n/8-shift 8PSK& 7HF WAl 712418 #Eal ol 3~4dBe] H353} o]58 41,
H g o] Holgd At A 3~16dBPEY ¥ 53} o]5& IS S & & Aok

ABSTRACT

In this thesis, discussion on the performance of the n /4-shift QPSK method which is one appro-
priate method of modulation and demodulation in digital mobile communication systems under a
severe fading channel has been made. The = /8-shift 8PSK trellis-coded method has been
suggested through the TCM(Trellis-Coded Modulation), and has been used for performance im-
provement.

Including the TCM in the n/4-shift QPSK modulating method, the coding gain has been
calculated by obtaining the same required bandwidth, transmitted power, data rate and also by
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combining the coding and modulation scheme,

To estimate the improved =z /8-shift 8PSK method system performance in the trellis-coded mo-
bile communication channel, the system has been modeled for two cases of fading rates, 10Hz and
30Hz, with the Dopper effect for the varing mobile velocity under a channel that has the Rayleigh

fading effect and additive white Gaussian noise.

The bit error probability has been used to analyze the coding gain of the trellis-coded = /8-shift
8PSK. To compare the improved performance of the original system and the new modeled system,
the TCM state number has been changed to 4, 8, and 16 and each case has been calculated indi-
vidually. As a result, when the state number has been increased, a more improved performance is
obtained. The trellis-coded = /8-shift 8PSK shows obvious improvement when it is compared to the
established = /4-shift QPSK. An 3 to 4dB coding gain has been obtained in the additive white
Gaussian noise channel and a 3 to 16dB coding gain has been obtained in the Rayleigh fading chan-

nel.
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Fig. 2-2. Signal constellation and Euclidean Distance of
Trellsi-coded 8PSK
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T18] 2-6. 7 /4-shift QPSK 2] 21 &4 A dn
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Fig. 3-8. System model of trellis-coded = /8-shift 8PSK
for simulation

AH HEY A28 Y%t Trellis-F &3¢ 4
BEe 3HEY s £¢ 7IYol =eh o) 3F (map-
ping) €t} old HE U] ANEHDY FEHYEA
gle AU e 3o 2 vl M (maping) 3ok

FH FAGNME n/4-shift QPSK HZ%4Q
Afole AA AuFo, A9y slu, H2E HE
718 AA iAWY §# 8 BCHYIHE ¥343
F AE5E B4 o g dolelel gy
oA HAF diolele) HluEte o2 &8-S Tl
T3t trellis-F 339 n/8-shift SPSKHZE wH2] 9l
A%, dlolgd o v J}AIQE FRol S 2L
F2 A3E dA¥93E A MLSE(maximum-
likelihood sequence estimation) ol 2]&] ¥ 5 3}
o Bz g shie fAyoz F3gicHi12] 471 4
AR AE FHY AXE Bavle gelges
A AEgedAM BAr s B7hE A e &4(r-
reversible information loss)2 %& 4 it} 28 %
n/4-shift QPSK HEzw2 3 g2 gges o
gE& 7

3-2-1. Pairwise Ofj3{ &8

Zo]7k N3l trellis-¥ 3.3}l n /8-shift 8PSK 2] 4
Al AE AlBA(sequence) = A(3-1) gol FHEE
L=

X=(X1, X2,-**+*,XN) (3-1)
Ad-E FAR 4 A5 AlE2e 4 (3-2) 2o
Y=(y1, yz,+++++,yN) (3-2)

kA 94 e X8 kA Ao gdsa,
Az kAol A4S el A (3-3)9F ol JEhd

Vk=ak X k+nk (3-3)

A71M axis Flolgol 23 AFsE NEWES
el dY daoin, mk.2) sFeAh A& v
EpdTh TheF Rl BH oL o] 88 4 e, 9] 3
FEE 27 AR Aldse Z2 b

o] 4% ¢l CSl(channel state information) &= 7}
A B AR AY Wy o Aoy Ay W5
7} B5 3tk 2ujolti[13]. T3 o) A3 <l QE g

m
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W Rl el & 7Hgstng AJ2g QgL 17
2] 29 (memoryless channel) 2 7F3&lm, ARk
271 aAd md-g 19 3-90 ERA Y whelkA
o FPA] WY Wyoln, AdEdES 4 (34)
& WS

X | 719 23 a0 Y
—> A3y > —>— tlig |—>
pn(YIX,2) |, qn(Z)

| z

T3 3-9. dukAEgl Yol ad 2y
Fig. 3-9. General memoryless channel model

o371 N& Al 2~ X YN, 28] 31 Z2] Zolo|t}

Qele] mg Apde] B A A, Ty ¥}
= m(Y,X:2)3e 9 AZzHmetric) & o] &3t}
o\ AEap7p e HEA Thol], 4% Al HA
AEAbeE 7oA el fdHy 284 W2 ghe
2 Z#d€h Z 2 (3-6) 2% VEbITh

N
m(Y,X:Z) =Y m{yn, Xn, :2n) (3-6)
n=|

A FEEH ZA=2Zz2E= m(Y,X:Z) =inpN(Y,
X:Z)olt},
pairwise olg] & P(X—>X)= A4 H4H A|f

2 X(x1, xg,eexn)o] Ola) REE AR XS
ddlsl= SER TEEHA, (372 Fol3t

P(X—X) =Prim(Y,X:2) >m(Y,X:Z)|X}  (37)

pairwise ofl2] #-&2o] 4341 & Chernoff bound-&

o] &3tod 41(3-8) 7 ko] VERATH ).

P(X—X)=MElexp(A[m{yn,xn;28) —m(yn,xn;28) ) DX

neyn (3-8)
A7 g xnvEw BE nol Agoltt 1208 HF
38 4 Qe Hrod,

3-2-2.H|E 0l2{ &8
pairwise ol&] #5255 € BE o8 &Fo] A
78

18 F=a 5z}

P(X—X) =TIlexp{—Esén /(4No)=T1(Z)§n  (3-9)
n€;7

Z=expf —E<én / (4No)=exp(Eb /(2No)e] Bhat-
tacharyya ¥ =ojt}. ©]42# <l CSl{channel state
information) ol 4 gn énlxﬂ—;(npo]nq, gn% = N
A AA X9 Xo| §3e= Age 35S Y
=3

B HE de] 88 Poi 4 (310022 vely
t}.
Po<1 /2(b)a{T(D,1)} /(al) |1=1, D=z (3-10)
A7 T(DI) & A8l "ol thelojadyl o] Au3g4s
ot} biz hellioHolw A2 B ES JebATH 14],

V. M5 2430 2ot o&

719 A d(memory channel)3lol|A] 33315
A A" 2 BBsE ] ok Al AT B RE $E)
chernoff bound& ©] &3t TCM&] HIE o8] &5
o] g3l MAolx w8 of7xf He vlaz
flah Aol Al F1= 8k 2 (3-9) 9} (3-10) & AM ST},

4-1. 7HE BHA 20l Mo F A|AE M= Hln

A YA dioleh= 107 Y E LA Ao AAdE W
HE doletE ol &3, 7hat WA speAIt et
EAG 4, dutHow nH ey e M /2-PSK
o} trellisv—risi}?l M-PSK Afol9] A% Blwg 23F
3f ol FHoA duud F 4-1 2 pri2].

E 4-1. M /2-PSK¢} trellis- - & 88 M-PSK Al % v w
Table 4- 1. Performance comparision of M /s-PSK
v.s. trellis-coded M-PSK

VE Ads | el dolo) e | Ael4: | M/2PSKel g
W Hol4 MPSK #53 o5
(dB)
8 2 4 3.01
8| 1 8 3.6
8 ‘ 1 16 “ 4.13
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R /UAE o) BNANA trellis-+ & 8HE n/8-shift SPSK WZE w4 o] A5 £4

2 e=RdMe dA &4 olF FAAA n 2 A
5 oA QY Wz =942l 4-shift QPSKol
TCME& #H &3 trellis-¥ 5. 8}¢ 8-shift 8PSK 2 4
5 LEE AMA T el i HE oy A%
< 2% 419 et

1.0E+00

T Uncoses Pre
“+1c 201
M Ng e+ - L ey

1.0E-01 1 s '™

*1c 081
H1c rany

1.0E-02F:::::: 1

: Log Scale

1.0E-03::::

1.0E-044: :: 1 @t

Bit error prob (Pb)

1.0E-05 7 ;

TOE-06F: +p i

1.06-07 +————+——+—T—T—+—1——"

0.0 20 40 6.0 8.0 100 12.0 140
Eb/No

T18l 4-1. 7 /4-shift QPSKe} Ael 4, 8, 162 trellis-F
3.38l9 n/8-shift SPSKe] B E &) 45
Fig. 4-1. Bit error performance of r/4-shift QPSK and
trellis-coded = /8-shift 8PSK for 4, 8, and 16
state numbers

H 4-2. 74 @A 7h AT g Mgl M, Pb=1073¢1 %

2t el o uhE R 338 ol 5
Table 4-2. Coding gain for the varing state numbers
when Pb=107% in the additive white
Gaussian noise channel

e B Hol& | 438 o)%(dB)
4 2 2.75
8 1 3
16 1 3.7

HIE og] Hd5& 43E 43 4-shift QPSKH T}
trellis- ¥ &8} ¥ 8-shift 8PSK7} ¢F 3~4dBAHE 4
T RS Y-S 4k, H 42 w Uk s vhe
AlQt g Aol A, BE o g&o] 10759 A%
4-shift QPSKel th§} trellis-¥ % 89 8-shift 8PSK
9 B33} olE& z el uke}l el o
714 HE oj#] 88L& 107528 A4 o]lf B4l
Al2e Az ube AolvH[15][16].

4-2. H|o|E MESIHM F A|AHAME bR

HE3E A e 4-shift QPSKe| #Holwdgo)
10Hz{V=10Km /h)?] #d13} 30Hz(V=40Km /h)
Ql A28 8% AAE T7 4-20] Y3, el
4, 8, 169 gt % Al 2w A5 248 Zhzt apg 19

aAgool] thal A 19 4-3 9 71 4-40) R U

1.000E +00[—gm

1.000E-01

1.000E-02 .

Bit error prob (Pb) : Log Scale

1.000E-03|: . ::.:.

1.000E-04
10 15 20 25 30 35 40 45 50 55 €0

Eb/No (dB)

1% 4-2. 7 /4-shift QPSKol A sll'd13} 2 d22] v E o
2 A%

Fig. 4-2. Bit error performance of channel 1 and 2 for =
/4-shift QPSK

79

www.dbpia.co.kr



BRI $Ew Lt '93—1 Vol.18 No.1

1.000E +00;—

1.000E-01[\; \ : :

: Log scale

1.000E-02| :

1.000E-03] :::

bit error prob (Pb)

1.000E-04}: . ::::::0:

1.000E-05
10 15 20 25 30 35 40 45 50 55 60

Eb/No (dB)

32 4-3. Ad10l A «/4-shift QPSK e} Ael 5 4, 8, 16
of thah trellis- 5 849 x/8-shift 8PSKe] V]
E o] A%

Fig. 4-3. Bit error performance of = /4-shift QPSK and
trellis-coded = /8-shift 8PSK for 4, 8, and 16
state numbers in channel 1

ol% Z4l Al dol A Eb/Nov} 19dBY W 3%0] &
o] B1E o] gEold et A Alade] A%
£ 712 = dv{15][16].

B33 948 4-shift QPSKe) A& 40dBel A
error floor(£Y 4 gl error) @Ato] WA T, )
2t Adisc o gefgter ¢ dBAM R ¥E
olejgo] Ak 71 error floord 4ol 2
Alztol A BIE 7hA wls|A EAIE + A &
ol Fuby AulA dHold 73t A Eb/Nog
ol g Eox HE oe] gFo] A=A F& #HY

3y EZE]-% Al 2o A] error floor& /o] oF
50dBoll A dojywtil, sfdloNA, F Al 2EE vu A
o atztH, A 169) 58 A AHS 1§53y
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1.000E+00——

1.000E-01 ]\ ..\

1.000E-02] ::

1.000E-03( ::

bit error prob (Pb) : Log scale

1.000E-04

1.000E-05
10 15 20 25 30 35 40 45 50 S5 €0

Eb/No (dB)

28l 4-4. 200 A 1 /4-shift QPSKeF el 4 4, 8, 16
of thal trellis-¥-% &€l n/8-shift 8PSKe] #]
E ol A

Fig. 4-4. Bit error performance of x /4-shift QPSK and
trellis-coded = /8-shift 8PSK for 4, 8, and 16
state number in channel 2

2] o AlAEHC) oF 16dB AT ASMAHS By
i, Aol A e 4 1690 ‘*325}?1 A 2¥lo} B
Fohe A ofe A agurt oF 7dB B 4% A

H 4-3 el Adla Ao A Ph=10"3~ "] ¢
7} el ol W w8 oS
Table 4-3. Coding gain for the varing state numbers
when Pb=10"%~ "4 in the Rayleigh
fading channel 1 and 2

Al | Hol 4 A A2
3.3t o] %(dB) | #53} 0| 5(dB)
4 2 8 3
8 1 14 5
16 1 16 7
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WX/ AE ol F BN trellis-5 3 88 n /8-shift BPSK WZ wrale] 4% B4

& YEiT E 53 © dold Adlst Ay2eA,
ME o2 Sgo] 107107490 Aol 4shift
QPSKoll o gt trellis- % 3 8% 8-shift 8QPSK & ¥
3 0|58 7} el 5ol uje YepR .

v.g 8

E m=fdAe tAE olF T4l A addd s
4-shift QPSKo| TCMS &3} trellis-# 5 38}¢
8-shift 8QPSK2] M 2-¢ Wz wae sty 1
e Mg Lot i)

A NAE A ALY nddy ygoa a4 o
2 (burst error) & W27 $8 TCMEY o9
BCHRI=zY S st <AElelW & 88 n[18], A
5o wg} Hold-g 10Hz(V=10Km /h)3] sj4l
7 #H ol -& 30Hz(V=10Km /h)3l #d2& F45}
o 45& v 13 g

B =g ME shab wa) 7heAlRE F3-(AWGN,
additive white Gaussian noise) 2} @) g #lo] #H o]
Aefoll A 7]1& WA Q) 4-shift QPSKe] TCM& 3 &
&l trellis- & 89 8-shift 8QPSK-E v g 23,
AWGNsaj oM 7|24 8} of 3~4dB #3533
o15E Ay, B& 3 A2Y A M FeH
242 g A% NS veldc sidg o] Alolg
el = b2t Aldlat v debgh shdle) dis) A
FHDE S Ao, v E da e ADTE
B & A5MAE vy o, 7|& Al AaY ) v sy
Al e oF 8~16 dBHE, Ad2elAeE= of
3~7dBAE A% A vepdh

AEH 02 4-shift QPSKAI2dH 3} £U3 g E
7 dolet A$E-E 7 trellis-HE53HE 8-shift
8QPSKA| 26l 9} A5 v Az, R37]2] el +7}
255 AT Mol $Ee 4, 2§ Hold
Ad @740 & dolgh AelollA o & ¥-53) o5
& A8 YUtk
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