W X

T E o] F B2l A trellis-F 33} 7 /8-shift SPSK

M A Yy B4

© LT
EEgA ¥ - ¥+ 8B & ¥ #* FEA E R K+
EFgR & 5% —* @A #t K fM* E®R B & B*

The Performance Analysis of Trellis-coded n /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 =RdHe UXE ol 54 Alade] ot ol Add HF3 HER A Fe] Ul g
/4-shift QPSK A%5& =31, 1 A% N4E& 943 N2 TCM(trellis-coded modulation)& &3}
o trellis-F %39 n /8-shift SPSK 48 A<} g},

71#9 n/4-shift QPSK ¥Z o TCMe =9& 878" ddZg $£4 A¥n A48 2d
fAslH A B3 slel HzE A T2 M B35 3 o) E(coding gain) S & F Uth

ol% EA Mgl A trellis- 2 5 3HE n /8-shift 8PSK 4] o] Al 28] A%S 24817 YA, 714t
A 7F-A1¢ s dd o] Hlold #HAo] EAdte AdolA, AFEE Wl utE =Fe] FEafol o
3+ #lolg8-0] 10Hz$} 30Hz1 5 7 9ol thsl Al 258 nd g,

Trellis-® 2 8}¢l n/8-shift gPSKell that ¥33} o5& HIE og] 88 g3l EAsin, 7|&
Az AgA 2d8 ol A 2ge] AHE H5E viasty] A8, TCMe e +E 4, 8, 1622
ARt viw 7 & 2, Fe 57 ADAFE o £ A5E e R, 7)E9) 7 /4-shift QPSK 2
o} trellis-2 & = /8-shift 8PSK& 74 wj A 71-2A1¢t FSalgo] M= 3~4dBe] $33} 0|5 & 11,
H g o] Holgd A detol A 3~16dBHEL F 33} 0|55 FS& ¢ & Uk

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 = /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 n /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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T3 trellis-F 338 7 /8-shift SPSKHZE 12| 9l
A%, slolgd z v 7}AIQL FLo FEg¢E we
F2 A3E dA93 S A MLSE(maximum-
likelihood sequence estimation)®¥ ol oj&) & 5 3}
o Bz g shie Aoz #yPgci12] v o
AR AE FHY AAE Havle geges
A ZAdgodAM BAr s B A AR &4 (ir-
reversible information loss)& 2-& 4 it} 28 %
n/4-shift QPSK HEW2A 7 £0e BPo g oy

&g 73h

3-2-1. Pairwise Ofj3{ &8

Zo]7k N3l trellis-¥ 5.3} = /8-shift 8PSK 2] &
Al AF Al@A(sequence) = 4(3-1) gol FHEE
L=

X=(X1, X2,-**+*,XN) (3-1)
Ad-g FARN 41 AE Al 2E 2 (3-2) 2o}
Y=(y1, yz,+++++,yN) (3-2)

EH kA Y4 yee X kA Y40 951,
Az kiAol A4S0l A (3-3)9 #ol Jeld
(=]

F Q.
Vk=ak X k+nk (3-3)

A71M axts Floldo) &3 AFsE JNEYEL
el s dY daoln, mk2) A 8 U
EpdTh whef Byl GH L o] 89 4= o, 19 3
FEE 27 AR Aldae Z8 vehd,

o] 4= ¢l CSl(channel state information) &= 7}
AL Hr AR Ay Wy o) doly A W a
7} B85tk 2ulelti[13]. & ol AF < Qe g

m



EEE (SRR it "93—1 Vol.18 No.1

W el g 7Hgstng A2g] gL 17
2] 29 (memoryless channel) & 73 &lm, 2wk
7Y aAd 2dg 1d 3-99 veERd ) ulebA
o FPAR] WY Hpoly, AdEES 4 (3-4)
& WS

X | 719 L33 24 Y
—> A3y > —>— tlig |—>
en(YIX, Z) | aqn(2)

| z

T3 3-9. durAEel 2ol Ad 2
Fig. 3-9. General memoryless channel model

o371 N& A4 2 X YN, 28)31 Z9) Zolo|t}

Qejeo] mg aAde] Al Al AEelA, tjay ¥}
= m(Y,X:2)3e9 AZzH(metric)E o] &3}
oW AEap7E e HEA T, AW Al 2o WA
AEAbE 2 A =" 8o HEte] §he
2 Z#€h & 2(3-6) 2.2 Vet

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

A FEEFH ZA2Zz+= m(Y,X:Z) =inpN(Y,
X:Z)olt},
pairwise olg] & P(X—X)&= A4 Hid A1d

2 X(x1, g, xn)ol dal REsHE A XB
Adlsl= SER THEHT, 2(3.7)F FoiF,

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

pairwise ofl2] #-&29] 43442 Chernoff bound&

o] &3to 41(3-8) 7 o] vrebHTH9].

P(X—X)=MElexp(Alm{yy,xn;z8) —m{yn,xn;zx) ) 1) X!
neyn (3-8)

W EE no Aot A202 #H 3
3-2-2.HE o] &8

pairwise 2] #&25¥ H|E dg Fo| 47
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g fEal )

P(X—X) =Ilexp{—Esén /(4No)'=I(Z)n  (3-9)
n€;7

Z=expf —E<én / (4No)=exp(Eb /(2No) o] Bhat-
tacharyya ¥ o]t} ©]4# <l CSl{channel state
information) of] A gn cfrnlx[q—;(nlzt?]ﬂ] gn& oAl
IAA2 X9} X fZes Ae] 35S Uehd
=3

B HE ] 88 PoE A (310022 Jehg
t}.
Po<1 /2(b)a{T(D,1)} / (5]) |1=1, D=2 (3-10)
o714 T(D) & 48l o] tholojagl el Aags
ot} bz hellio¥olg &2 HIES UepdoH 14].

V. ds 240t gat o0&

719 A d(memory channel)atol| A %35 3}%
Al 2R3t B 3sbu 2] oF e Al AE|ZEe] BlE &)
chernoff bound & o] & &t TCM <] HIE oe] &5
o] g MM 738 o714 A% wiag
flah Aol Al £ 8 2 (3-9)9} (3-10)& AML-3hT},

4-1. 7H BHAY XS0 Me| F A|AH M= dH|ln

T A dolele 107HYE Ao MAE e
G slolerE ol &3, 7F4k WA LAt F2uk
AT 49, Advtro g 25 eE R e M /2-PSK
o} trellis-H- ESE}?] M-PSK A}lo] o] M= v E 13
gt ol FWHoA Ay F 41 3 2rH2].

E 4-1. M /2-PSK9} trellis- 4 & 819 M-PSK A% u]i
Table 4- 1. Performance comparision of M /s-PSK
v.s, trellis-coded M-PSK

VaAds | e dolo) e | Ae | M/2PSKel st
W Hol4 MPSK #53 o5
(dB)
8 2 4 3.01
B 1 L8 3.6
8 ‘ 1 16 “ 4.13




BL/UAE olF B trellis-# £ 8 n /8-shift 8PSK ¥ Z w2

o

4

olf
M
A

2 =RdMe dA §4 olF FAUNAM uZH Y
5 oA Qg Wx Al 4-shift QPSKol
TCME& &3 trellis- & 3}€ 8-shift 8PSK ¢ 4
5 LEE AAM Z e e vE o] %
< 2% 410 vebdoh

1.0E+00

1.0E-01 1 ey '™

1.0E-02F: :::: 51

: Log Scale

1.0E-03::::

1.0E-08+: : : -

Bit error prob (Pb)

1.0E-05 7 ;

1.0E-06 1 : : : :

1.0E-07 T+
0.0 20 40 60 8.0 100 12.0 140
Eb/No

T18l 4-1. 7 /4-shift QPSKe} el 4, 8, 169! trellis-
3.38l9 n/8-shift SPSKe| B E ol2] 45
Fig. 4-1. Bit error performance of = /4-shift QPSK and
trellis-coded = /8-shift 8PSK for 4, 8, and 16
state numbers

H 4-2. 74 9 A sk Al g Mgl M, Pb=1073¢1 %

2t el o uhE K38 o5
Table 4-2. Coding gain for the varing state numbers
when Pb=107% in the additive white
Gaussian noise channel

e B Hols | 458 o]%(dB)
4 2 2.75
8 1 3
16 1 3.7

HIE o8] Hd5& A3E 47 4-shift QPSKr}
trellis- ¥ 58} ¥ 8-shift 8PSK7} ¢ 3~4dBA % A
T RS BYg 4k, H 42 & R Wy ve
AlQt g Aol A, BE o] g&o] 10759 A%
4-shift QPSKel th§} trellis-3* 3 319 8-shift 8PSK
9 B33} olE& z el o} veldidel o
714 HE oj#] &£ 107528 A4 o]f= B4l
Al2e AR g ue Aok 15][16].

4-2. H|o| e RM'ESIoM F A|ARME HIR

RE3E A e 4-shift QPSKe] #Holw & o)
10Hz{V=10Km /h)?]l 13} 30Hz(V=40Km /h)
Ql A28 83 AAE 39 4-20] BH, e
4, 8, 169 Hi& % Al 2% A5 248 2zt A 139

ald2ol] thal A 19 4-3 9 71 4-49) e}

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 S5 60

Eb/No (dB)

1% 4-2. x /4-shift QPSKol A a'd13} A d29] HE o
2 A%

Fig. 4-2. Bit error performance of channel 1 and 2 for n
/4-shift QPSK
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1.000E +00{—=

1.000E-01 [\

: Log scale

1.000E-02| :

1.000E-034 -

bit error prob (Pb)

1.000E-04|: .:

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

Eb/No (dB)

28 4-3. Aol A x/4-shift QPSKe} 4= 4, 8, 16
o thaf trellis-*+ 5 3¢ « /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% ZAl sdolA Eb/No7} 19dBY W 3%-0°] &}
o] B1E o] gEold YA B ALY MFE
g 7HE & Qivt15]016].

B33 94 4-shift QPSKoll A+ 40dBoll A
error floor(%Y 4 ¢l¥= error) @ Ato] WA, )
g27F Adiac o detgle g & dBel Mk HE
ANejgo] Atk HA7IA error floorddold A<
Alztel Mg HIE HA) vlEA] 2A1E £ QA &
ol Fuby MulA Hloly g7 st A Eb/NoE
ol gl ox HE o] FEo] MAHA g2

3y EZE]-% Al 2" A error floor& o] <F
50dBell A deojwkar, adlel A, F Al =S vl A
stz Al 169 2 38bE Al 2w B33y
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1.000E+00—

1.000E-01 ]\ NN\ :

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 55 60

Eb/No (dB)

28l 4-4. A200 M x /4-shift QPSKeE el 4, 8, 16
of thal trellis-¥-% 8}l « /8-shift 8PSKe] H
E oef dw

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

] e A2"ET) o 16dB A% AsHAe B
i, Aol A e 4 1690 “325}?1 A 2¥lo} B
st A ore AlAEEet oF 7dB AE] A% A

H 4-3 Aol Adla 2ol A Ph=10"%~ "4Q] A%
R ELRCERE E
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} o] 5(dB)
4 2 8 3
8 1 14 5
16 1 16 7




WX/ AE ol F BN trellis-5 Z 88 n /8-shift 8PSK ¥R 4o 4% £4

& YEMIT. E 53  solw Adls aAdzel A,
ME ola S8o 1072~1071¢) H$o| 4shift
QPSKoll o) 3 trellis- % 3 318 8-shift 8QPSK ¢} &
3 0|58 7 el ol wje Geph k.

v.g 8

E m=fdAe tAE olF T4 Alxdd g
4-shift QPSKo| TCM& &3} trellis-#* 5 31¢
8-shift 8QPSK9] M2 Wz wag F#dsla 1
AE Mg Lol gt

A NS A ALy mdy Yol |3 o
2 (burst error) & %237} fs TCMEY ol Al
BCHRIAY S a1 AH2)We =88 n[18], 2}
5o ug} HoldE 10Hz(V=10Km/h)Ql #d1l
7 #HolH-& 30Hz(V=10Km /h)3] #d2& 43}
o 45g vl 1 kg

B =g M shak ma 7heAlRE FE-(AWGN,
additive white Gaussian noise) 3} # dajlo] #H o
Aefoll A 71& whAQ) 4-shift QPSKel| TCM& & &
&l trellis- & 8¢ 8-shift 8QPSK-& w3 4,
AWGNsli el M= 71&4d) of 3~4dB #33}
o15g Ay, BE3 A2 e E g4t
242 g A% AL e side el Held
el = bzt Algdlat v gobdt Aid2e) ds A
FHDE S Ao, vl E JuH g AAES
B & A5MAE 1oy, 7|E Al AY e v sty
AdlolMe oF 8~16 dBAHE, Md2dMe ¢
3~7dBAE A% N Jepdoh

AE A o2 4-shift QPSKA| 23} £UT NG E
7 dolet A$H8E 712 trellis-F 5 3HE 8-shift
8QPSKA| 26l 9l 5 vl A3, 379 Jel+7}
25 AT Mol ¢S dd%n, & Holy
Ad 7o) & dotgt AeolA o & 353} o5
& A8 YUtk
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