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Abstract

Considering a nonlinear high power amplifier(HPA) and a predistorter, we have designed a four-dimensional 8-ary phase shift keying
trellis-coded modulation(4D-8PSK-TCM) system, which is recommended for X-band satellite communications. Subsequently, we have
evaluated and analyzed the spectrum, constellation characteristics, and BER performance of the system. In satellite communications, owing
to the limited power, nonlinear characteristics that determine the operating point of the HPA must be analyzed because the HPA con-
sumes high power. We herein report the design of the 4D-8PSK-TCM system, with efficiencies of 2 and 2.25 bits/channel-symbol. The
simulation results confirmed that a 0.35 roll-off value is effective, considering the low peak-to-average power ratio(PAPR) characteristic
and the narrow occupation bandwidth of the spectrum. It also confirmed that approximately 15~20 dB of output backoff{OBO) value is
required at the HPA when the predistorter is not used, and approximately 1 dB of the OBO value is required when the predistorter is used.
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Fig. 1. Block diagram of 4D-8PSK-TCM transmitter.



°] 8-PSK

L

.6_/\] ]_L;

webd Yake Wue) W ane 7
Py (I)J,]. A = 4 FAS R

8PSK-TCM 41710 AHEEE A% H

A2 U A A4S Yehdich

A g

o
E
457 99 el MES
W27l 4 E 3] HEH 8PSK
NS AR, o2 AU A58

% 1 4DPSK-TCM 441719 BE25 2 1}
9

(E M
T
=
g
_m

3 ol $A81E HIEY #7717t 8,

vt o Mod
2 bits/channel-symbol®] 4 &S 913 4D-8PSK-
Ao

TCM $21719] 43E W5l A4

= [4z

_+ (4

[(4

(8)+2x(5)+:17(1)]m0d8
x<8)+2$(5)+x(1))
x<8)+2m(5)+x(1))

2% +22% ) mod8

ol 67 el w ] #HA 2E (me-
£ 7HAH, 7474 Zo](constraint length)= 7
ZEFHA 37 F 6ol dEHE
© A% BE9t BARlel BF

_\?_

3718 AHgaT. 45

7=

*, AE HESES
HoMs REZS U
o) 8-PSK 4 &S
quoiz;PSK

&

A () 2

1)

2.25 bits/channel-symbol©] A4 E&& 9]¢ 4D-8PSK-
TCM £217)9) ARE wWuo] AL A (2)9]. 7L\:].[3]

[(4x<9) + 2m(6) + m(2))
(42® + 229 + 2N mods

Z(l)

©)

43 HPA $74< 728 4D-8PSK-TCM Al 2E ¢ A7 2 24

4D-8PSK-TCM A 2~El2 8-PSK A &S 47119 AHAl
(Subset)©. 2 -3t} 4D-8PSK-TCM A1 7101 4 A A 5]
= AEE 7 ABA F stuE figEnh 2719 8-PSK
Q%Ol 7he] MBS E FEEH, OHJJJr 49 AEZ A
BA G, 13} 50 A B AEA ¢, 203 6 A ES

MBA ¢y, 33} TH AES MBA ¢, 2 FRED A
go] P 2L SRR 5719 HHE e

Gl
o3 AHHh & =01, 2 bits/channel-symbol &&=
AEste FA7INAE & Wl A= 419 AES
LL‘(O) (1) {,13(2), (3>7]_ [0,0,0,00 <, [Cy, Cp, G,
q)] tEL [CVQ, CQa 02’ CYQ]E RUE) %E} O]QJF 7]—0 Ai]jﬁ\
A A S B2 AHauxiliary trelhs) AHgy gt &

FA7N 2R 15710 29 vE .08 23

2,2 e, % = 2430 ol 2 A5

BE ABAY FHo] HEAA A6 T gtk
2-2 Receiver

4D-8PSK-TCM A7 & Woll 4] dEg &
who} A el gttt A7 LubA AK(general trellis) 9k 1.
A7 AHE o] &3t Viterbi ELE|F S o]&3to] 21
£2 359000 guAAE £4719 22TH ¥
7ol <l ARSI, BRAAE $A7]9) Y= W
¥ nE = m(O) m<1>, x<2) B) 4 nES AT W
#e] Axtel] ofs AAHh I8 2= 4D-8PSK-TCM
A1719] EEXE Yepdth 4D-8PSK-TCM F4171= TMU
(Transition Metric Unit), VD(Viterbi Decoder), SDU(Symbol
Detection Unit), DMU(De-Mapper Unit), DFD(Differential
Decoder)Z T4 ¥t}

o> PN

4 bits

BM Xg~ X3
—{ VD >
Rx
—»{ TMU DMU || DFD |—f R*data
v bit stream
Lo Delay ] of opy |
chain

5 bits

zZB3) z(2) z(1) z(0) X4~ Xg

finm

1% 2. 4D-8PSK-TCM F41719] £5%
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Table 1. Auxiliary trellis information for 4D-8PSK-TCM
with 2 bits/channel-symbol.

State of auxiliary trellis Parallel branches

State x3,x2,x1,x0 Combinations for BM
0 0000 CO+CO+CO+CO, C2+C2+C2+C2
1 0001 CO+CO+CO+C2, C2+C2+C2+C0
2 0010 CI+CI+CI+Cl1, C3+C3+C3+C3
3 0011 CI+CI+CI+C3, C3+C3+C3+Cl
4 0100 CO+C0+C2+C2, C2+C2+C0+CO
5 0101 CO+C0+C2+C0, C2+C2+C0+C2
6 0110 CI+CI+C3+C3, C3+C3+C1+Cl
7 0111 CI+CI+C3+Cl, C3+C3+C1+C3
8 1000 CO+C2+C0+C2, C2+C0+C2+C0
9 1001 CO+C2+C0+C0, C2+CO+C2+C2
10 1010 CI+C3+CI+C3, C3+C1+C3+Cl
11 1011 CI+C3+C1+Cl1, C3+C1+C3+C3
12 1100 CO+C2+C2+C0, C2+C0+C0+C2
13 1101 CO+C2+C2+C2, C2+C0+C0+CO
14 1110 CI+C3+C3+Cl, C3+CI+C1+C3
15 1111 C1+C3+C3+C3, C3+C1+C1+Cl1
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State of auxiliary trellis Parallel branches

State x3,x2,x1,x0

Combinations for BM
COHCO+C0+C0, C2+C2+C2+C2,
CO+C2+C0+C2, C2+C0+C2+C0
C2+C1+C2+Cl1, C2+C3+C2+C3,
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1 0001

2 0010
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4 0100

5 0101
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7 0111
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10 1010
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12 1100

13 1101

14 1110

15 1111

3-2 Predistortor
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Fig. 8. BER performance of 4D-8PSK-TCM system consi-
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=
=

>
o,
e
[
ofl

X

e}
5 [e) [e) O
g A s =2 5
oIl =
P 3T

131 103 T8 112 dbAARe 22
F ol&-stH, vl HPASH

rﬁi
o
JH
N
N
)
fd
S
i
N
=

8PSK-TCM A28 9] A4 g8 w2 BER ASS e
e} o] Al&HoA AL E AT A, AF
HPAE AHE-Sh A] 2] BERY FAFS A5 S 18]

%o

g8l 27%= OBO w1 dB W9l 28 13 5

306

4D.3PSKTCM (2.00 bits/channel-symbol)
alpha = 0.35, w
T

T
-G eoretcal apSK

-3 theoretical-QPSK
Q—oao 0dB, wi Predistortion

0BO=1dB, wi Predistortion
0BO-3dB, wi Predistor mon

4D-8PSK_TCM (2 bits/channel symbols) |4

BER(Bit Error Rate)

7
SNR, dB

J8 10, AN G719 148 HPAZF & ¥ 4D-8PSK-
TCM Al elA] OBO®| W BER “3°(2 bits/
channel-symbol, =0.35)

Fig. 10. BER performance of 4D-8PSK-TCM system con-
sidering nonlinear HPA and PD according to OBO
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Fig. 11. BER performance of 4D-8PSK-TCM system con-
sidering nonlinear HPA and PD according to OBO
(2.25 bits/channel-symbol, «=0.35).
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