
second and third layers is 1.28”. The small island is 1 x 1.2mm, 
and the gap around the island is - 4 O O p .  The length of the inner 
strip conductor is 4.8” and the slot width is 2.0”. The 
antenna measures 20.2 x 30.4 x 3.0”; its structure is symmetri- 
cal with respect to the centre line of the inner strip conductor. 

Experimental results: Fig. 2 shows the reflection coefficient at the 
input points of the five fabricated antennas against the slot length. 
Changing the length of the slot end d shifted the resonant fre- 
quency linearly and changed the matching condition slightly. The 
bandwidth when the VSWR was 28MHz, which is good 
enough for PHS application in Japan (bandwidth = 23MHz). Fig. 
2 shows that achieving a good matching condition at the input 
point can easily be achieved by trial and error. 

2 was 

Fig. 3 Measured radiation patterns of TEMSA mounted on circuit 
board 

H - p 1 an e 
- - - _  E-plane 

0 3 6 
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Fig. 4 Measured transmission loss of slot-covered TEMSA 

lOdB/ REF OdB 
(i) -1.1149dB; 1.65GHz 
(ii) -1.5123dB: 3.32GHz 
(iii) -5.094dB; 4.95GHz 

Fig. 3 shows the radiation pattern of a fabricated antenna 
mounted on a fmite circuit board, which was about 100 x 40mm. 
The measurement frequency corresponded to PHS channel 1. The 
angles were measured from the z axis in the yz plane for the H- 
plane and in the x z  plane for the E-plane. The main beam radiates 
in the x direction, away from the user, so the beam strength in the 
direction towards the user is effectively reduced. The FB ratio of 
the pattern on the H-plane was > 12dB, which is sufficient to 
avoid electromagnetic danger to the user and to minimise electro- 
magnetic interference to the electrical circuitry. The RF  power can 
be directly measured at the RF output point, i.e. the input point 
of the antenna, by covering the slot with a conducting or absorb- 
ing material. This prevents the electromagnetic power entering the 
TEMSA from radiating away. Instead, it is launched into the 
inner strip through the rectangular coaxial structure, where it can 
be measured by using an RF  probe. Fig. 4 shows the transmission 
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characteristics of this rectangular coaxial structure from the input 
point to the small island pattern when absorbing material was 
used. The transmission loss was < 2dB between 30kHz and 
3.5GHz and < 5dB between 2.5 and 6GH2, respectively. There- 
fore, with suitable calibration, the power can be measured without 
using additional components, e.g. connectors or cables. 

Conclusion: A TEM slot antenna with a novel planer structure has 
been developed and its usefulness was demonstrated experimen- 
tally. This antenna has: (i) a one-sided radiation pattern, resulting 
in high antenna gain, (ii) a low electromagnetic hazard to the user 
and low electromagnetic interference to the other electrical cir- 
cuits, (iii) a direct measurement capability of the RF output power 
without using a connector and cable, and (iv) a conventional sur- 
face mounting technology application capability, resulting in 
reduced fabrication cost. 
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BER performance of vestigial sideband 
wideband CDMA systems 

Dong Ku Kim, Jung Min Park and Myoung Seob Lim 

Indexing terms: Code division multiple access, Personal 
communication networks 

Using simulations, the authors evaluate the performance of the 
vestigial sideband QPSK modulated wideband CDMA FSB/ 
QPSWW-CDMA) system. A VSB system is used to increase the 
spectrum efficiency by 30% compared to the conventional double 
sideband (DSB) system. The VSB/QPSWW-CDMA scheme 
showed a comparable performance to the DSB/QPSWW-CDMA 
scheme in the frequency flat fading channel. However, the VSB 
system showed an inferior performance in the presence of 
multipath fading and multiple access interference. It was shown 
that the use of additional Rake branches is effective at 
compensating for the VSB system’s performance degradation. 

Introduction: The CDMA protocol has been proposed to the TIN 
ATIS Joint Technical Committee (JTC), along with other stand- 
ards, to become the common air interface standard for the per- 
sonal communications system (PCS). Specifically, upbanded IS-95 
and W-CDMA have been proposed for the CDMA protocol. The 
W-CDMA system is capable of providing flexible high rate data 
services, as well as voice communication services with wireline 
quality. 
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The conventional W-CDMA system transmits the signal in DSB 
form, but it is theoretically possible to demodulate the signal using 
only the upper sideband (USB) or lower sideband (LSB), which 
would lead to an improvement in spectral efficiency. VSB systems 
offer an economical technique for the transmission of baseband 
signals such as television and random binary data which possess 
very low frequency components. A single sideband (SSB) system 
would theoretically require even less bandwidth, but the SSB 
scheme cannot be used for such signals [l, 27. 

Table 1: Outdoor residential pedestrian, tapped delay line parameters 

Channel model: The JTC has defined nine distinct physical envi- 
ronments for the PCS based on the radio propagation perspective 
[3]. From among these environments the outdoor pedestrian resi- 
dential environment was selected as the multipath channel model. 
In this environment mobile velocities are assumed to be -1Sds .  
Table 1 presents the relative path gain and path delay for each tap 
of the tapped delay line model. The Doppler spectrum of this 
channel is described by eqn. 1, which was termed CLASSIC in the 
European Telecommunication Standard. 

(1) P ( f )  = { $&T I f 1  < x 
0 otherwise 

(V: velocity of mobile, h: wavelength at the carrier frequency). 

PNIX Walsh (4  096Mchipls) 
I .- 

pulse 

filter 
I -- 

PNQX Walsh 1246111 
Fig. 1 VSB/QPS&W-CDMA transmitter 

System description: The same system specifications are assumed 
for both the uplink and downlink. R = 1/2, K = 9 convolutional 
coding and 16 x 20 interleaving were used for error correction 
purposes. The block diagram of the VSBIQPSW-CDMA trans- 
mitter is shown in Fig. 1. The signal received over the multipath 
fading channel can be written as in eqn. 2, which is expressed as a 
complex envelope signal: 

r ( t )  = 

+ n1 ( t )  + 3nQ ( t )  (2) 
Dl represents the traffic signal energy per pseudo-noise (PN) chip 
for thejth user and E, denotes the pilot signal energy per PN chip. 
Nu and T, are the number of users and the PN chip duration, 
respectively. h(t) and g(t)elod' represent the impulse responses of 
the pulse shaping fdter and the VSB filter, respectively. bp2 and 
bat  are the VQ information sequences which are constant over 
the period of the orthogonal code, W;?, which is needed to isolate 
the channels. up; and aQ% denote the l/Q PN sequences, having a 
spreading factor of 128. '*' represents the convolution process. 

nXi) and nQ(t) represent the Gaussian noise processes due to the 
background noise, each having a double-sided noise spectral den- 
sity of Nd2. L and T~ are the number of independent paths and the 
kth path delay, respectively. qk and a, represent the phase and 
magnitude of the kth path. If the multiple access interference 
(MAI) caused by other users within the same cell is expressed as 
n,,(t), then the received signal can be written as 

r ( t )  = 

x h(t - mT, - r k )  * g( t  - mT, - r k ) e j W d ( t - m T c - r k ) e j ~ k  

k = l  m 

x h(t - mT, - T k )  * g ( t  - ,mT, - ~ k ) e ~ ~ ~ ( ~ - ~ ~ ~ - ~ ~ ) e ~ ~ ~  

where the MAI is modelled as a VSB fdtered Gaussian random 
noise process. The transmission of all signals is assumed to be syn- 
chronous (downlink). 

+ n I ( t )  +jnQ(t) ( 3 )  

17 19 21 23 2 
SN R, dB 1246121 

Fig. 2 BER performance in frequency f lat  fading channel (O;/GN2 = I )  
(i) VSB/QPSWW-CDMA system 
(ii) DSBIQPSWW-CDMA system 

VSBJilter: To generate a VSB signal the QPSK modulated data 
are first fed through a pulse shaping filter to limit the bandwidth 
of the baseband signal. The resulting DSB signal is then passed 
through a VSB fdter. The required frequency response of the VSB 
fdter is obtained by shifting the frequency response of the square 
root raised cosine (SRC) filter byf, = RJ2 (Rb : symbol rate) in the 
frequency domain. The direction of the shift depends on the side 
of the DSB spectrum that needs to be removed. Shifting the 
response to the right will remove part of the LSB, while shifting 
the response to the left will remove part of the USB. The band- 
width of the VSB signal will depend on the value of p (excess 
bandwidth parameter). The impulse response of the SRC filter is 
given by 

cos{(& + 2p)nt )  + sin{(& - 2/3)nt}(S@t)-' 

(7rRb')(8pt2 - 1) 
g ( t )  = SP 

(4) 
The bandwidth of the pulse shaped DSB signal for the simulated 
system is 3.92MHz. This value was reduced to 2.78MHz using the 
VSB fdter with p set to 0.2Rb, which corresponds to a bandwidth 
reduction of 30%. The bandwidth can be reduced further by set- 
ting p to a lower value at the price of a degraded performance. 

System simulation: The coded bit error rate (BER) performances 
in the frequency flat fading channel are shown in Fig. 2. Mobile 
velocities are assumed to be -1.5ds. The ratio between MA1 
power (0;) and themial noise power (oN2) was set to 1 (o,'/oN2 = 
1). Simulation of DSB and VSB systems shows almost identical 
performances in this environment. Fig. 3 shows the BER perform- 
ances in the multipath channel environment. Curves (iv) and (v) 
show the performances of the two systems without the presence of 
MA1 using the three-branch Rake receiver. The two curves show a 
0.6dB difference in SNR when the BER is lk3,  but this perfom- 
ance gap widens to -4.3dB in the presence of MA1 (curves (i) and 
(E)). Curves (iii) and (vi) show the BER performances obtained by 
the VSB system using the six-branch Rake receiver. As seen by the 
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curves, the additional Rake branches gave the VSB system a 
substantial performance gain. 

\ 

10 11 12 13 14 15 
lo5! ' . '  ~ ~ ~ ~ 1 ,  

SNR,dB 1246131 
Fig. 3 BER performance in PCS 6-path multipath fading channel 

(i) VSB system with three Rake branches, 6?/6Nz = 1 
(ii) DSB system with three Rake branches, 0?/ON2 = 1 
(iii) VSB system with six Rake branches, o?/oN2 = 1 
(iv) VSB system with three Rake branches, no MA1 
(v) DSB system with three Rake branches, no MA1 
(vi) VSB system with six Rake branches, no MA1 

Conclusion: Using simulations, it was shown that the VSBJQPSW 
W-CDMA scheme can provide a significant saving in bandwidth 
compared with that required for the DSB system, without serious 
performance degradation in the frequency flat fading channel. 
However the VSB scheme showed serious performance degrada- 
tion compared to its DSB counterpart in the multipath fading 
environment. The presence of MAI caused the performance gap 
between the two systems to widen even further. It is suspected that 
the intersymbol interference (ISI) caused by multipath reception 
and MAI impaired the spectrum reconstruction process in the 
VSBIQPSK/W-CDMA receiver. To compensate for the VSB sys- 
tem's poor performance, additional path diversity techniques were 
used. The use of additional Rake branches was found to be very 
effective in improving the VSB system's performance. In this case 
there is a definite trade-off between spectral efficiency and system 
complexity. 
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Collision-induced timing jitter reduction by 
periodic dispersion management in soliton 
WDM transmission 

E.A. Golovchenko, A.N. Pilipetskii and C.R. Menyuk 

Indexing terms: Jitter, Soliton transmission, Wavelength division 
multiplexing 

The authors propose to use dispersion management to reduce 
collision-induced timing jitter in soliton WDM transmission. The 
performance of dispersion-managed fibres is compared 
numerically to &spersion-decreasing and uniform dispersion fibres 
with up to eight channels, and it is shown that dispersion 
management can provide the best performance. 
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The principal source of errors in soliton wavelength-division- 
multiplexed (WDM) transmission is collision-induced timing jitter 
[l ~ 31. Because standard transmission lines have lumped amplif- 
cation, the four-wave mixing fields from soliton collisions grow 
uncontrollably, even when the spacing between amplifiers is much 
smaller than the soliton collision length, adding amplitude and 
timing jitter to the jitter due to ideal soliton collisions. In [2], it 
was proposed that dispersion-decreasing fibre (DDF) could be 
used to reduce the four-wave mixing fields and thus reduce the 
influence of soliton-soliton collisions. In this Letter, we show that 
dispersion management is a viable alternative to DDF. Disper- 
sion-managed fibres, i.e. fibres with dispersion maps that alternate 
in sign, have long been used in non-return-to-zero transmission 
[4], and recent work indicates that it has advantages for soliton 
transmission as well [5 - 71. Remarkably, our computational 
results show that in some cases solitons in dispersion-managed 
fibres can actually suffer less impairment than solitons in ideal 
DDF with the same average dispersion. 
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Fig. 1 Standard deviation of timing jitter averaged over all channels 
against number of channels at z = 5OOOkm for uniform dispersion fibre, 
dispersion-managed fibre, and dispersion-decreasing fibre 
Channel spacing is equal to 12 pulse spectral widths 
0 uniform dispersion fibre 
A dispersion-managed fibre 
W dispersion-decreasing fibre 

To date, we have carried out computer simulations with up to 
eight WDM soliton channels with no in-line filtering. Each chan- 
nel was filled with a pseudo-random 32bit sequence of 20ps 
solitons spaced in time by 5FWHM. The amplifer spacing was 
4 0 h ,  fibre losses were 0 . 2 d B h ,  the path-averaged anomalous 
dispersion was D = 0.5pdnm-km with D' = 0. The amplifiers 
exactly compensated for the fibre loss. We studied a fibre with 
uniform dispersion, a DDF with an ideal exponential taper, and a 
periodically dispersion-managed fibre. The dispersion map that we 
propose consists of a 35km fibre with normal dispersion D = -2psl 
nm-km which is followed by a 5km fibre with D = 18psJnm-km. 
The map consisting of the two fibres with alternating dispersion is 
not necessarily optimal. Our choice was based on the simplicity of 
such a map which can be easily constructed from standard tele- 
communication fibre with zero dispersion -h = 1 . 3 ~  and a dis- 
persion-shifted fibre. We do not include Gordon-Haus timing 
jitter to focus on collision-induced timing jitter. The length of the 
dispersion map was not long enough to require power-enhanced 
solitons [8]; so, the path-averaged power and duration of the 
solitons was approximately the same in all cases. To reduce the 
initial partial collision, the soliton sequences in neighbouring 
channels were shifted by half a time slot. The simulations were 
carried out using a split-step Fourier method to solve the nonlin- 
ear Schrodinger equation. We simulated signal propagation up to 
5000km. 

We found that for a single channel all three dispersion maps 
perform the same. Fig. 1 shows timing jitter averaged over all 
channels against the number of channels when the channels are 
spaced apart by 12pulse spectral widths. The system with DDF 
has slightly better performance than the system with dispersion- 
managed fibre, which in turn performs much better than the sys- 
tem with uniform dispersion fibre. The collision length of the 
pulses in neighbouring channels in this case is close to the ampli- 
fier spacing, so that the collisions are resonant, leading to large 
residual frequency shifts of the solitons in the uniform dispersion 
fibre [I]. DDF completely eliminates the residual frequency shifts 
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