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Analytical Approximation of Optimum Chip Waveform and
Performance Evaluation in the DS-CDMA System
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Abstract

It is important to design and evaluate the chip waveform with the minimum MAI under the bandwidth
constraint in the interference-limited DS-CDMA system. In this paper, by approximation we present the analytical
chip waveforms that are proposed and optimized in the reference!'. Their performances are compared with
performances of three conventional chip waveforms: rectangular, half-sine and raised-cosine. Waveform 1 of the
proposed chip waveform outperforms the conventional ones. BER and throughput performance are evaluated in
the Rayleigh and Nakagami-m fading channels when DPSK modulation is used. When the required BER is 10~
in two fading channels, the capacity of the waveform 1 is improved about 20 % rather than raised-cosine one.
When the offered traffic is 30 and the number of packet per bit(N; ) is 14, maximum throughput of the waveform
| is better than raised-cosine chip waveform about 18 % in two fading channels.
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Fig. 2. Approximated analytical chip waveforms.
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(1) Waveform 1
T(D)=a,(1— cosQnut/ TONT.—He'u(d (13)
A7)l A x=sin(T,— f)°|T}.

(2) Waveform 2
(D = ay(1— cos ®(xt/ T))u(d) (14)
(3) Waveform 3

569



a;tsing( /32Tc '—l) - () 0< < gr
T. T.
o= (@t ) TSty
(@l Te=D+7) - ul) g SK%
(ag(Tc—) Sinv( ﬁZTC (T~ t)) < ul(d) 2;‘ ST,
(15)
(4) Waveform 4
ast - u(?) 05t<%
= 27, 16
Th={ & - u(D 3 3 ( )
27T,
as(T.— 8 - u(t) 3o ST

a~ay, B FFAEE nomalizedts] $a)
AHgstE Algelth A (15), (16)9 7, € © 24
818 chip waveform¢] FALE A7) Y3 A
Fo|t}.

3-1 Phase 954 H|

Continuous phase transition 548 F4Jgit}. ¢
o] &AL envelop AT #Eo] Ho whef
B E AAA

9A}o] Ao L A5} oW
HE 285 E= ASE envelope E401 AXA H
t}. ©}a}A maximum transient phase: o} 9} 7o)
At

[ _wL0h)
7.(2%)

A71M 0’3 T ;& t— 03 t— T Jolth 4
(16)°1X, T0)=TF(T)=0°ltH gp=00]Th
F 19 A & phase?] F&AE Hrtsle AR A}
st B A9 A WA A5E Ay 0° g
N0 A% SAelth

L] FLT)
L

Agd= |t

1 (17)

3-2 Envelope Comparison
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Table 1. Phase continuity comparison.
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Table 2. Envelope comparison.

Waveform of | Proposed Analytical
the ref!"! [%] waveform [%]

Waveform 1 99.82 100
Waveform 2 98.14 100
Waveform 3 94.23 100
Waveform 4 83.06 100

B 3. MAI(multiple-access interference)2] B]xl
Table 3. MAl(multiple-access interference) comparison.

Waveform of Proposed
the ref!"! | Analytical waveform
Waveform | 0.01° 032°
Waveform 2 0’ 0°
Waveform 3 0.28° 0°
Waveform 4 227 0°
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Waveform of :r0§)ots.edl Approximation
the ref!" Wzsé(;f; error [%]
Waveform 1 0.2117 0.2158 1.94
Waveform 2 0.2337 0.2405 2.91
Waveform 3 0.2667 0.2752 3.19
Waveform 4 0.2886 0.2891 0.17
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Table 4. Power bandwidth comparison.

Waveform of Propqsed L
the ref! (99 analytical |Approximation
%) waveform | error [%]
(99 %)
Waveform 1 1.69 1.51 0.11
Waveform 2 1.50 1.31 14.3
Waveform 3 1.31 1.14 15.61
Waveform 4 1.13 1.10 242
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J3 3. Eb/No=30 dB, L=3, N=127, M=2, Nd=14 ¥ u

(a) Rayleigh #lo1q sjde] BER
(c) Nakagami-m fading*j] A%} BER

) A&
(d) Mg

Fig. 3. When Eb/No=30 dB, L=3, N=127, M=2 and Nd=14.

(a) BER in Rayleigh fading channel
(c) BER in Nakagami-m fading
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(b) Throughput in Rayleigh fading channel
(d) Throughput in Nakagami-m fading
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Fig. 4. BER in the Rayleigh fading channel(Eb
/No=30 dB, L=5, N=127, M=5).
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Fig. 5. BER in the Nakagami-m fading channel
(Eb/No=30 dB, L=5, N=127, M=5).
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Fig. 6. Throughput in the Rayleigh fading channel
(Eb/No=30 dB, L=3, N=127, M=2, Nd=14).
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Fig. 7. Throughput in the Rayleigh fading channel
(Eb/No=30 dB, L=3, N=127, M=2, Nd=28).
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Fig. 8. Throughput in the Nakagami-m fading
channel(Eb/No=30 dB, L=3, N=127, M=2,

Nd=14, m=2).
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Fig. 9. Throughput in the Nakagami-m fading cha-
nnel(Eb/No=30 dB, L=3, N=127, M=2,
Nd=28, m=2).
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