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Complexity reduced partial transmit sequence for
PAPR reduction and performance analysis with
nonlinear high power amplifier in MC-CDMA
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ABSTRACT

MC-CDMA(Multicarrier code division multiple access), which is based on a combination of OFDM/(orthogonal
frequency division multiplexing) and CDMA(code division multiple access), has gained a lot of interests in
wireless multimedia communications, as high speed data transmission is required for mobile services. MC-CDMA
has many advantages for broadband high speed data transmission in multipath environment because it can offer
both advantages of the CDMA and the OFDM. However, A high PAPR(peak to average power ratio) problem,
which is a major drawback of OFDM, is also shown in the MC-CDMA. In this paper, we proposc a new phase
factor optimization scheme to reduce complexity in PTS(partial transmit sequence) to reduce PAPR. We also
analyze the performance of the MC-CDMA with various PTS schemes to investigate the relations between PAPR
characteristics and effect of nonlinear distortion of a high power amplifier. Our simulation results reveal that the
proposed PTS scheme reduces PAPR about 0.2~0.5 dB even with 25% reduced- complexity compared to the
conventional scheme. ’
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Modulation scheme QPSK, 16QAM
. Walsh
Spreading sequence Hadamard
Processing gain 16
symbol per frame (M) 4 8 16
Number of active user (K) 1716
Number of subcarrier (N) 64, 128, 256
Scrambling code Random code
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Table 2, PTS parameters for simulation

PTS NS |NR | IDFT |Complexity
Type| type
A PTS 4 4 4 64
B C-PTS | 4 4 4 12
C C-PTS | 16 | 4 16 48
D P-PTS | 4 4 4 12
E P-PTS | 16 | 4 16 48
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Table 3. Code rate and power loss according to the side
information(maximum number of user, N=256)

PTS Side code
Ns| Ng . . Loss

type information| rate
PTS 4| 4| 6(bits) 0.988 | 0.052(dB)
g C-PTS| 4| 4| 6its) |0.988] 0.052(dB)
S C-PTS | 16} 4] 30(bits) |[0.945 | 0.246(dB)
P-PTS | 4| 4| 6(bits) 0.988 | 0.052(dB)
K P-PTS | 16| 4| 30(bits) | 0.945 | 0.246(dB)
16 PTS 4| 4| 6(bits) 0.994 | 0.026(dB)
C-PTS | 4| 4| 6(bits) |0.994] 0.026(dB)
i C-PTS | 16] 4] 30(bits) |0.972 | 0.123(dB)
M P-PTS | 4| 4| 6(bits) 0.994 | 0.026(dB)
P-PTS | 16| 4| 30(bits) |0.972 | 0.123(dB)

F 34 F3ge (HEF AE HER)/(HED
A HESR AR NEMZ el 5 gle
W MC-CDMAS A H% wlolgols Hust
AR HES JEhle Roj)h oE =W Ryl
F3te) 47k 25690 A% Al AL} S8
) MC-CDMAS®| & A& 256782 g 44k
del HEe dE ¥ F JAHQPSKS A
512bit, 16QAM®] 7-¢- 1024bit). ™} F-EH
F7h4, A @ S7) 49 A9 e wobg
o] <k 6hit7t HoE RIIAHHC o3 HEge
QPSK®| 7% 512/(512+6)=0.988°] =™ 16QAM
o] A% 1024/(1024+6)=0.9947}F €k

o
=
T
[e)
<
9]
H

v.4a &

olF AMERIE 93 m:E FEntie] Ay
g 837t SUkstel e, Fa< Ay &
¢l ol&7 tEe] olF Bl A %
AR OF A2 Held |4
e MulaE u%o®
MC-CDMA ol tigh el FIF:Hm itk
a8y MC-CDMASH 22 oE vl 24 7]
Hel 73 & WA PAPRol Z7lkshAl =
HPA 53 & uAdy o o3 gIFoz <l
3 Az dEA Jd. B EAAE
MC-CDMACIA A& 7153 PTS 7oA 5
A8 HF3 Ao ERITE F42A717) 9% 4§
A g oA FHHs 34 AAEA o9k F
A ¥AE T <% MC-CDMA Al=ge] A
3 PAPRZA 7[R0l ALHUE W A&
A BATOoER PAPREA 71Eel gloixe) &
Aot Alzd AT Alolg HAG BAE et

314

S QA shick =e) 4Y A% AdkE PTSe A
SR A45 Bge 7189 WAl wish o 25%
Zo|E B4 PAPRO| % 02705dB AT 3
Moz AMsE A @ 5 oM R
PAPR 4% Aol7k % o3el et A5olA
5 g3l 9ee & 5 Ut

3

kil

Rt

[1] K. Fazel and L. Papke, "On the
Performance of  convolutionally-coded
CDMA/OFDM for mobile communication
system,” Proc. of IEEE PIRMC93,
Yokohama, Japan, pp. 468-472, Sep. 1993.

[21 N. Yee, J. P. Linnarz, and G. Fettweis,
"Multi-carrier CDMA in indoor wireless
radio networks,” Proc. o IEEE
PIRMC93, Yokohama, Japan, pD.
109-113, Sep. 1993.

[31 K. Fazel, "Performance of CDMA/OFDM
for mobile communication system,” Proc.
of IEEE 2nd ICUPC, vol. 2, pp. 975-979,
Oct. 1993.

[41 A. Chouly, A. Brajal, and S. Jourdan,
"Orthogonal multicarrier techniques applied
to direct sequence spread spectrum
CDMA  systems,”  Proc o IEEE
GLOBECOM'93, Houston, vol. 3, pp.
1723-1728, Nov. 1993.

[5] S. Kaiser, "OFDM-CDMA  versus
DS-CDMA: Performance evaluation for
fading channels,” Proc. of IEEE ICC'95,
Seattle, vol. 3, pp. 1722 -1726, June 1995.

[6] R. O'Neill and L. Lopes, "Performance
of amplitude limited multitone signals,”
Proc. of IEEE 44th VTC, Stockholm,
Sweden, vol. 3, pp. 1675-1679, June 1994.

(71 Fazel, K.; Kaiser, S., “Analysis of
non-linear distortions on MC-CDMA,”
Proc. of IEEE ICC98, vol. 2, pp.
1028~1034, June 1998.

[8] N. Ruangsurat and R.M.A.P. Rajatheva,
"An investigation of peak-to—average
power ratio in MC-CDMA combined with
partial transmit sequence,” Proc. of IEEE
53rd VTC, vol. 1, pp. 761-765, Spr. 2001.

[61 S. H. Miller and J. B. Huber, "OFDM
with reduced peak-to-average power ratio



=&/MC-CDMA 4] PAPRAAE 9% 23 =7} 24

FEASY 713 A 2EY 2570 9T 4% €4

by optimum combination of partial trans-
“mit sequences,” Electron. Lett., vol. 33
no.5, pp. 368-369, Feb. 1997.

[10] S. H. Miller, R. W. Bauml, R. F. H.
Fischer, and ]J. B. Huber, "OFDM with
reduced peak-to-average power ratio by
multiple signal representation,” Annals of
Telecommun., vol. 52, no. 1-2, pp. 58-67,
Feb. 1997.

[11] S. H. Miiller and ]J. B. Huber, "A novel
peak power reduction scheme for OFDM,”
Proc. of IEEE PIMRC97, Helsinki,
Finland, pp. 1090-1094, Sep. 1997.

[12) A. M. Saleh, "Frequency-independent
and frequency-dependent non-linear mod-
els of TWTA, IEEE Trans. on Comm.,
vol. 29, pp. 1715-1720, Nov. 1981.

{131 L. J. Cimini and N. R. Sollenberger, *
Peak-to-average power ratio reduction of
an OFDM signal using partial transmit
sequences,” IEEE Communications
Letters, vol 43. pp. 86-88, Mar. 2000.

7 o+ A(Kun-Seok Kang) A4
7' L 19973 29
EEUER
| 1009 29 ¢ AUt A
g akat A}

1099 39 ~ @Al @A
AEARFUETRD 2ol

FRgRoR 0% ¥ A4 B A2y, Ada

Tt R —

<
9, OF s 3%

2 4 94(Soo-Young Kim) 3
’ 1990 29 : SR
A7) 2 AR T gal
1994'd 2€ ~ 1991 99 :
S AAEAATE HEA
A=A AT

19923 10¥: Univ. of
Suurey, UK &3 24}
19953 2€¢:  Univ. of

Surrey, UK &3} 2}
19948 11¢€71996d 64€:
Univ. of Surrey, UK
1996.87&dA 1 FFAATAATE AaEFATA
FSF A

Research Fellow,

<FBARP LRAA Fusk B, ols/ANE

2. 9 Z(Deock-Gil Oh) AF Y
19809 MetEtm AAE

EEC
1984 : A TjstE  ojskel
gk (A,

1996 : AgTieta sk

HArsekat (A,
1982~ &) : FZAAEA

Fo AT AEANATH

34
19749 2¢ - @Yt A
Al-gsha} shat
1981 84 : Univ. of
Southern California Z71%
s} AA}p
19873 8¢ : At
| AEEtat 2ha)
19823720033 39 : gh=A
AT FadeaTLY
2003\ 497EA: JdstEal HRFANEY e
1996378 A : =328 AglolAL
200197 EA - eggEete) R
200187 &EA - AN - A dTE REE

2o

<FRARol TABA

315



