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Pattern Design of Multiple Indices in Trellis-Coded CPM System
Based on Super Trellis
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Abstract;:  Schemes of trellis coded multi-h continuous phase modulation (CPM) have been shown in the literature to
have attractive power-bandwidth performance at the expense of increased receiver complexity. In these schemes, the format
of multiple indices is made to be associated with the specific pattern and repeated rather than cyclically changed in time for
successive symbol intervals, resulting in a longer effective length of the error event with better performance. In this paper,
the pattern of multiple indices has been designed based on super trellis which is constructed by trellis encoder and continu-
ous phase encoder. The effective length of the merged encoder and the Euclidean distance of the minimal error event have
been increased greatly based on further analysis. Simulation results show that a scheme combining rate 1/2 and 2/3 trellis
codes with 4-and 8-level dual-h CPM is shown to achieve 1.4dB and 1.7dB performance gain respectively than the scheme
with single-h.
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R 2 it o ) A RIS BE ik vl DLtk — 2P e —
LT 22498 i 15 B 4 2K (Pattern ) G145 P AT
AT - — A~ ] 4 RO B H 55— A R i 4 R0
Jal S o SR RO SPIAR E 8 1 RCRH A
MR RGN Z 4550 CPM J5 sRBETHI R K
LHESE 208 8] ] 45 KPR S A0 A A A A X i L
AR

X A4 B CPM 7 32X TR AT AR A
Q(Q=3) RHMFEBAE XN [hoy - by by oo
hiy 1, iy = Q, FRTEZAE R e F Ry BIECH
SRR @ R o AR B JE ) Q ORI AR LY
B it oA SOk o, ATLR R, S D
xR AR AR Q fe R Abad R IS,
I Q A B R AL R 2 B0 UE R UL DY X Y
BER R 2 A~ (15), RS R Nk 2
IR o
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Tab.2 Details of the maixmization of Q

. . AL
FARIC0) B Patiem) ot (1)
3 LAy, hy,hy ] No
4 Lhg,hg by by ] No

Lho s ho yho Ry by ] No

: Lho sho yho ho s hy ] No
Lho ko b b Ry SRy ] No

¥ Lho ,hg b hg R SRy ] No
Lhy hg by b by Ry SRy No

7 Lho ,ho sy b Ry s hy by ] No
Lho s ho sy ko Ry s ho Ry ] Yes

Lho b P R s Ry SRy SRy ] No

8 Lho ,ho b yhg s by Ry SRy ] Yes
Lhg hg g g s by by Ry ] Yes

Lho sho s b by S hy sy SRy by ] No

Lho sho sy b by s hg s by Ry By ] Yes

’ Lho ,ho R R o R R Ry SRy ] Yes
Lho yho R b g R g R SRy ] Yes

[hg,hg by g by by by Sy Ry SRy No

Lho  ho sy kg by s ho yhy Ry Sk SRy ] Yes

10 Lhoyho R R R R s Ry Ry SRy ] Yes
Lho ko b b s R s R Ry SRy ] Yes

Lho yho b yhg s s s s R R Ry ] Yes

Yes

HRAE S 2 AT S KRR 0 Q B2 10,
h—H. Q>10, fr A Al R PR HIHE ke, 12 S D° X
PR I R A (15) o QniRaE— 23 n
PHHITEEEE H R4 Q B KAEX IR Q=5H,H R
—H Q>5H , WIRTETH IR EOE b 2 R B4 22 6 M4H
[ IR 2, % F D7 X 1 AR Rt S5
T single-h ] CPM J7 2, Hb gk 2 A2 (15) 6

— B RHIE R0 R Q S RMERIE TR, T
*iﬁjﬂ%ﬁ%ﬁﬁﬁﬁiﬁ[% ,ho ’h() sho aho ’hl ’hl ’hl ’h1 ’
hy 1T BRE dutas ol ISR A 0K . B 0=10,
XFRE J' ) “ back-loop” F44 R A iR 2R % 7 4 5/
FETRER A, LG A 5 T 51 24 00000223112231100000-

22311000000000022311 (XF JD° f4“ back-loop " {5
= 4) A1 00000000002030303211-20303032110000000000
(XFRE J* D" ¥ back-loop” 1R F 14 ) , IR 4 Z%FER
TG & A BN 20, FEA KR
Z e T ) /N R A BT R B A 2 ik — 25
BB,
4.5 H—LWIE

FET b1 2 T HCA i i 2 A RUCK BE iR /)
WK PG 3 1 e KA e e, 75 B0 — 25 1) 360 DA £
R E A k) WY P L eI Y L S ko = ]
TG RRE , — NS FA B KL R 72
IR (AR LB A5 ) S
GCDL g (D) g (D), ,g" (D) ]=D",1=0

(16)

X B D) — AN B UE A O A H A T I
PR B e AT HR S A | . 284018, — 4>
B R R RS, A6 R G(D)=[1+
D 1+D* ] B84 GCD(1+D,1+D* )= 1+D# D', ik
A (16) , [FB HARS A E K 7 s,

00, —>»input 0

9 --»input 1
;

K7 — A HA RS 7 AR SR 1A

Fig.7 State transfer diagram of a catastrophic code

R HAR R IE W B AR I A AP A — SR
B4 abdd:---dee  FEIRHEAR L, TCIRTEN i d ERAE
Z/W AW, HREJE RA 6 R, R E—
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RAET ZAKEL E TR TR Viterbi 13
Mgl PRI AR B R AR I A R d EILS %
K A PRI TCTS Z A FIRAE DR (0 BRH D 1) o Kk
T, — S A GO R R, TR S 2
] e s S A2

(DFET A d ERY B W5l 5 2% AR
SRR (1254007 ) 5

(2) e i d By A A S S F AR A
AR (A 217 5 H=Z07) .

BAER AT AL S it i R A b, HOAR S #%
BEE 8 i, M4E, A d ERY B P
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Fig.8 State transfer diagram of trellis code designed in Fig. 5
RN AR T AR PR AR 14 1007 AN 2 iR
F— KM IR 2% T A BA R R,
AT 7 AT AR I ol A T R S T % 1T 1Y
77 AORBUESE 75 HA KMELAR R
H x4 (13) i — A 200 ' (7T<20)
AR R 5 AL~ X (15) , AR A — A~ 2 i 5K
]T“(T0<20)?’£1~$;’cﬁ[h0,h0,ho,ho,ho,hl Jhy hy h,
hy IR BIET E A 3 (15) A8 A FLHR 5 4 i 45 19 A
BORBERL 247 0 T , #E10 H e /N iR A BB G
PREGUL 2B AR B AR 3K — B0 ik i AR A X R 4%
JEHR AR 48 ECE B AR BRI AL, R
AN 1B FE AN RE B W, T8 TR L B
(477 AT LA 36 R AR A SO A K

5 tERESR

5.1 IE4SSERMERENEE R
BET BRI B G it s 1) e/ NV 1R SRR
LA A RS BE ST 20 BB R R P81, Lt R I
HEAX(B) s LA TR E2m AR
“back-loop” F iR F . A (13) IR # s B0
&2 — LA AT
]3D3
T(D,])= I (14])
+2)°D°+]'D’+]° D" +3)' D +3)° D+ )’ D"
+J7D15 +4]8D15 +6J9015 +4J10D15 +J11D15 +JSDIS
+5]9D18+10J10D18+10]11D18 +5]lle8 +J13D18
+]9D21 +6JIODZI +15]llDZI +20]12D21 +15J13D21
+6]14D21 +]15D21 +JIOD24+7]11D24+21]12D24
+357°D*+35]“D*+21]° D" +---  (17)
AR A (17), %R 2 A T D" (FD°
“ back—loop" zIﬁit> ,4JI()DIS , 10]10D18 ,6]10D21 %ﬂ Jl()
D™ 1) back-loop™ £ 15 5 1 g JIr B 3136 A 4 A0 245 1)
TR/ IV R, X B dg /N R R X A B
T 0 de /N 7 BR R BE

=]3D3+]4D6+]506+J5D9

SCHR[22 1451 T 4t CPM iR F SR i PERE | 5
P, < z szQ(x/ dzEb/No ) = C(lme

d>. E,/N,) + other terms (18)
R LR R X T R LR RE B SR AR 201, 47, 0
XS I R FP /N R UE — A - 5 R R L, E X
N Dy /2B, BRELQ(x) & LK

e (19)

I~ T) BFPRSFRE KB T(D,J) X 22
1zt J°0° 47°D' 107°D" 6] D7 Fl J°D* 1y &2, i
C,., ISR 3 R,

23 MR RETGN £, 0 C, iP5
Tab.3 d>,, and C, _of several polynomials

corresponding to the minimal error event

No.i £t JRA SR 1) &30 Co

1 J°D° 0000022311-2231100000 8.92 24

0000000000-2030303211 8.61

0000000000-2213030301  8.34
2~5 4)°p" 20
0000000000-2032130301  7.93

0000000000-2030321301 .93

7
0000000000-2231303211 9. 16
0000000000-2231321301 9. 40
0000000000-2213213211  8.67
0000000000-2213231301  8.77
0000000000-2233130301 8. 64
6~15 10J°D" 24
0000000000-2213032311  9.29
0000000000-2030323311 8. 71
0000000000-2032331301 .24

0000000000-2032313211 .14

9
0000000000-2032132311 9.35

9
0000000000-2032333311 9.25
0000000000-2233331301 8.62

0000000000-2233313211 8.77

16 ~21 6J°p* 28
0000000000-2233132311  8.96
0000000000-2231323311  9.03
0000000000-2213233311  8.95

22 J°D*  0000000000-2233333311  8.57 32
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SF—Fh b T SO EGE 1/2 BRI, A 2
(7,5) ;55 — Mgty 7 200 2 PRSIk, HoAg s
Ui 3 Jir 7 s 2 = 05 DU G i 5 500 4 ARZS RIS
ey AT ANIEL S B, Herp i 5 FE R CPM 5K
45 et SRR BER Ao ho ho s ho s ho by
hy shy Sy TEIPIE R0 CPM 5 5X4h 455 26 T M 25 507 X
2K Turbo %, J&— & i Z 2E i & U XA i 5
CPM #4J) SCCPM HM AT R EE ™ AMI N 2/3 1
AR PR GRS, A 2 B [3D+3 1], N
TR FLAY) CPFSK JRIh] (#3 1,h=1/4) , 524
RBEAET 1000, WS AUECH 50 o

0 T T
10 5 — —-truncated bounds of coded CPFSK schemes
*fQQ;t\ o simulation result of (7,5) 1/2code, h=1/4
. - S P~ + simulation result of 2-state 1/2code, h=1/4
e ~ ~t:~9\\ | + simulation result of 4-state 1/2code, h=1/4
1 O’2 + ~e St : o simulation result of 4-state 1/2code, h=[3,4)/16.
\Q\ —o— simulation result of SCCPM 1/2code, h=1/4
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S
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Fig.9 Performance comparison with several rate 1/2 codes
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FUARAER 1207 SR B SCHR 1 R E R U TS KR A%
fh CPM 7 AR 204 2dB PR RESE 7, (FUZ (R i%
AT T 2N B2 2% B SRR ey T H A BT A 2
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K CPFSK J5 A 52 2% JB F2 SR B I e TR B2 25 T
300 TS HEME, M R AT A S 2% BE 32 AR
A HAZU FESE T 1000 , EARUEEE T 50 K o

10 45 T ARRPAIR IR BE 25 PF R i 4 R3S 172
B33 A 20 B 74 415 %0 CPM. 5 5 0 1 RE 47 FL 445
HHPGILSET 10 B, i AR I PEREIE R A IR,
BB R Ty AL 2% . HHITRIE LR
I, — et ol R AT S ~ 7 R A RO, B
D EAF RN APERE -5 B 20 ) 80 1R BB SRR 2

Bk 1A AT o AT A

10%

—
7
L
T

—+—decision depth =10
—e—decision depth =20
|| ——decision depth =40
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bit error probability
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1 2
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4 5 7
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B10 AFHIBRIREE T 1 4 R3S 172 RS 2t
PIfE % CPM Jy AR RE F
Fig. 10 Performance simulation with different decision depth

in 4-state rate-1/2 trellis coded dual-h CPM system
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[1 0 6+4D; 0 1 2] NEL K MAY CPF-
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Fig. 11  Performance comparison with several rate 2/3 codes
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Fig. 12 Superior 8-state rate 2/3 code design
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Fig. 13 Superior 16-state rate 2/3 code design
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