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Application of Successive Interference Cancellation to a
Packet-Recognition/Code-A cquisition Scheme in

CDMA Unslotted ALOHA Systems

Yukihiro TADOKORO'®, Student Member, Hiraku OKADA'T, Takaya YAMAZATO'T,

SUMMARY  Packet-recognition/code-acquisition (PR/CA) is one of
the most important issues in packet communication systems. In a CDMA
Unslotted ALOHA system, Multiple Access Interference (MAT) may bring
about errors in PR/CA. The MAI mainly stems from already recognized
packets and newly arriving packets under the execution of PR/CA. This
characteristic of asynchronous transmission in CDMA U-ALOHA systems
implies that only one or a few packets arrive at the receiver within a short
interval of a execution. Furthermore, newly arriving packets are recog-
nized and code-acquired by using a short preamble part. Consequently, the
MALI from the packets under the execution of the PR/CA will be small.
Focusing on that point, this paper proposes applying the IC scheme in or-
der to suppress the MAI from the already recognized and code-acquired
packets. A performance evaluation demonstrates that such an application
is valid due to the small amount of MAI from the packets under the ex-
ecution of PR/CA. In addition, we demonstrates that the scheme reduces
false recognition rather than mis-recognition. Such a scheme improves the
performance of not only PR/CA, but also the throughput.

key words: CDMA Unslotted ALOHA, successive interference cancella-
tion, throughput, packet recognition, code acquisition

1. Introduction

CDMA ALOHA systems are attracting much attention
due to their potential to realize efficient wireless packet
communication[1}-{4]. In particular, the CDMA Unslotted
ALOHA (CDMA U-ALOHA) system allows asynchronous
and random transmission of packets; this system requires
no synchronization of packet transmission among user sta-
tions. In addition, such a random access inherence enables
a simple structure at a user station. Because of these ad-
vantages, many studies have been undertaken- on CDMA
U-ALOHA systems[5]-[9]. In a system using a CDMA
technique like CDMA U-ALOHA, multiple access interfer-
ence (MAI) arises and limits performance. To reduce it, in-
terference cancellation (IC) schemes are applied to CDMA
ALOHA systems[3], [4], [8].

In random-access systems such as CDMA U-ALOHA,
the receiver always monitors the received signal to recog-
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nize the existence of newly arriving packets (packet recog-
nition: PR). In the event that packet existence is recognized,
code-acquisition (CA) of the packet is carried out{11], [12].
However, errors in PR make it impossible to perform de-
modulation and IC, and in addition, correct demodulation
and effective IC cannot be performed due to CA error. These
result in significant performance degradation; as a result it
is imperative to reduce the errors. The main cause of the
errors is MAI from both the already recognized packets and
the newly arrived packets under the execution of PR/CA.
The former can be suppressed by using the IC schemes[9].
However, the latter cannot be reduced by using IC schemes
since IC cannot be performed until PR/CA is finished, which
is why the application of IC schemes has not been studied
for the purpose of reducing the PR/CA error.

In CDMA U-ALOHA systems, packet arrivals at the
receiver are scattered due to asynchronous transmission.
Then, both the already recognized packets and the newly
arrived packets exist simultaneously. In contrast with syn-
chronous systems such as slotted ALOHA, this characteris-
tic of CDMA U-ALOHA makes it possible to apply the IC
scheme for the already recognized and code-acquired pack-
ets. The reduction of PR/CA error could, therefore, be re-
alized by the suppression of MAI from them. Furthermore,
newly arriving packets are recognized and code-acquired by
using the short preamble part. The MAI from the packets
under the execution of PR/CA will be small since only one
or a few packets arrive at the receiver during the short inter-
val of execution.

This paper proposes applying the IC scheme to PR/CA
scheme in order to suppress MAI from the already recog-
nized and code-acquired packets. If subtraction-type IC
schemes such as successive interference cancellation (SIC)
are considered, the residual received signal after the IC
might contain only the packets’ signal, which should be rec-
ognized and code-acquired[8],[10]. This may mean a per-
formance improvement in PR/CA due to the application of
the SIC scheme. However, such an improvement may be
degraded when the wrong SIC operation is performed. SIC
operations are executed based on information obtained in a
past PR/CA. Thus, if the PR/CA had failed, an incorrect SIC
operation would be executed[9]. To clarify the influence of
such a situation, this paper evaluates the performances in .
terms of both error probability of PR/CA and throughput.
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2. System Model

In this paper, we deal with the reverse link of the CDMA
U-ALOHA system, in which there are K; user stations (US)
and one base station (BS). The time interval between con-
secutive packet transmissions at a US is assumed to follow
the exponential distribution with the mean 1/4. This as-
sumption indicates that US transmits its packet randomly
and asynchronously. The offered load G, which is the av-
erage number of transmitted packets per time duration of a
packet Tp, can be expressed as G = ATpK;. Note that we call
the US transmitting its packet an active user station (AUS).
Clearly, the number of AUSes K,(t) varies at any time. The
US can transmit only one packet simultaneously, which im-
plies K,(#) £ K.

Each AUS transmits a fixed-length packet to the BS in
one hop. The packet consists of a preamble part and a data
part, where the length of the preamble part is L, [bits] and
that of the data part is Ly [bits]. The preamble part is used
for PR/CA.

At an AUS, a packet’s signal is modulated and spread
before the transmission. Binary Phase Shift Keying (BPSK)
is used as the modulation scheme. The spreading sequence
is the random sequence, which is uniquely assigned to.each
US. For simplicity, we assume that all packets are received
with equal power, thus the received signal at the BS can be
expressed as

K1)

) = Z Vﬁaﬂte T1)br(t — 1) cos@r fet + @) + n(t),
k=1
¢))

where a;(f) is the spreading signal, bi(f) denotes the data
signal, T represents.the time-delay, and ¢ is the carrier
phase of the signal transmitted by the kth AUS. In addition,
fe is the carrier frequency, P = Ej/T}, means the power, Ej
denotes signal energy in a bit, T} is the bit duration, and
n(t) represents the AWGN with a two-sided power spectrum
density —1;9 It is assumed that ¢ and 7; are i.i.d uniform
random variables in [0,27) and [0,7}), respectively.

3. Receiver Structure
3.1 Principle

Figure 1 shows an example of packet arrivals at the BS. At
t = t1, K (¢) packets are transmitted by the AUSes. Since
packets are asynchronously and randomly transmitted, only
a few K,(f) new packets simultaneously arrive at the BS
and are recognized and code-acquired. The other packets
are classified into four groups[11],[12]. The first one is
for K.(t) correctly recognized and code-acquired packets,
while the second is for falsely recognized packets, which
is the case that a non-transmitted packet is recognized and
. code-acquired. The quantity of them is Kr(¢). The third
group includes transmitted packets that are recognized but

-
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Fig.1  Example of packet arrivals.
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Fig.2  Receiver structure.

not correctly code-acquired. The number of them is Kp(#),
and the fourth is a mis-recognized packet that is neither rec-
ognized nor code-acquired. The number of those is Kp(2).
The K,(¢) recognized and code-acquired packets include the
Kr(?) falsely recognized packets, Kp(#) correctly recognized
but false-code-acquired packets, and K.(f) correctly recog-
nized and code-acquired packets.

Let us describe the PR/CA scheme shown in Fig.2.
In this scheme, the receiver consists of a Demodula-

* tor/Canceller (DC) and a PR/CA unit. SIC is used as the

subtraction-type IC scheme in the DC. The signals of the
K, (¢) recognized and code-acquired packets are successively
subtracted from the received signal in the DC, and PR/CA
is carried out by using the residual signals. Estimated in-
formation on the recognized packets is then fed back to the
DC. ‘

3.2 Demodulator / Canceller

For the demodulation and the IC scheme, we employ the
SIC scheme proposed in [8], [10]. The structure of the DC
is depicted in Fig.3. The DC consists of a low-pass filter
(LPF) and K,(t) DC blocks assigned to the signal of the al-
ready recognized and code-acquired packets, which include
the Kp(f) falsely recognized packets. We define the first
recognized and code-acquired US as the US which has the
packet arriving first at the BS of all the K, (f) recognized and
code-acquired packets.
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Fig.3 Demodulator / Canceller(DC).

The received signal r(r) is first multiplied by the carrier
¢™2met and then passed through a LPF. In this process, the
following complex baseband signal rz(f) is obtained as [8]:

r.(t) = LPF[r(f)e /%]
1 K1) . 1
=5 2, V2Pa(t—pbt - + Sm® )
I=1 '

where nz(¢) denotes the noise component.

- The following is an outline of the operation of the de-
modulation and the IC in the DC block for the kth rec-
ognized and code-acquired US. The input baseband signal
ILi(f) is correlated with spreading signal ai(t — %) /%,
where 7 is the estimated time-delay of the spreading sig-
nal. The correlator output Z; is compared with the decision
threshold, and the demodulated data by is derived. In addi-
tion, the correlation Z is respread so that the packet’s signal
could be regenerated. Since it takes one bit interval T} to
calculate the correlator output, the regenerated signal is sub-
fracted from the complex received baseband signal delayed
by T},. Because the interfering signal estimated based on the
correlator output, the subtraction can be expressed as

L1 () = Tri(t) = Zear(t — Tp)el®. 3

The residual signal rz . (7) passes to the next DC block.
Note that since this paper focuses on PR/CA, the phase ¢;, of
 thesignal of the transmitted packets is assumed to be known.

+ The IC is performed for K,(f) recognized and code-
 &quired packets, which include K,(t) correctly recognized
 d code-acquired packets, K(z) falsely recognized pack-
8, and Kp(t) false-code-acquired packets, but does not in-
lude K(#) mis-recognized packets, or K, »(2) packets under
€ execution of PR/CA. Then, the unnecessary subtraction
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for the signals of Kp(#) falsely recognized packets and K(z)
false-code-acquired packets are performed. However, the
signals of K () mis-recognized packets and K,(r) packets
are not subtracted from those of K,(¢) transmitted packets,
and still remain. .

After the ICs in all the K,(f) DC blocks, the residual
baseband signal rz g, ¢+1(2) is

1 1 K.
FL@@ = gnu@ - 5 > Calt — #)e
i=1

1 K (D+Kp(D+Kp(0) )
+3 Z V2Pay(t - t)bi(t — e, (4)
=K +1

where C; is the noise and the interference component for the
ith recognized and code-acquired US[8], [10]. The first term
in Eq. (4) means the noise on the channel, and the second
term is the cumulative noise due to the imperfect cancella-
tion for K,(r) recognized packets[8],[10]. The third term
represents the signals of both Kj(¢) mis-recognized packets
and K,(#) packets under the execution of the PR/CA. Note
that imperfect cancellation indicates that the packet signal is
partly left in the received signal after the subtraction. The
residual baseband signal includes the signal of the packets
under the execution of PR/CA, in addition to the cumula-
tive noise, the signal of mis-recognized packets, and channel
noise.

3.3 Packet-Recognition/Code-Acquisition Unit

In this work, we use the conventional serial-parallel search
scheme as the PR/CA scheme[11]. Figure 4 shows the
PR/CA unit, where the unit has K, PR/CA blocks assigned
to each US. These blocks run parallel with each other.

The operation at each PR/CA block is as follows. At
first, the residual signal r g 5+1(f) is correlated with the
spreading signal assigned to the PR/CA block. The corre-
lation is summed up for L, bits, after which the absolute
value is calculated. The PR/CA decision is made by a com-
parison of the normalized absolute value (decision variable)
and the threshold . The decision variable x;(£) normalized
by the preamble length can be written as
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x(€) l L_T; Z I-l) bl‘L K@« (Dap(t — E)dt

n=1
=l Ri(rrx 10,6 l’ &)

where

RO = Z f( L O-at-od ©

Both packet-recognition and code-acquisition are declared
under the following condition :

&) > a. )

Time-delay is estimated as % = £. Provided that a packet is
not recognized, 7, is added to £, after which such an opera-
tion restarts, where T, is the time interval of the PR/CA.

Substituting Eq. (4) into Eq (5), the decision variable
- can be expressed as

- Rk(%‘ ‘/Eﬁak(t - Tk)bk(t — Tk)ejq}f, é:)

K (D+Kpu(D+Kp()
+Rk(§ > V2Pat— bt - Tde™, €)
. =K+ Kpp(0)+1
i#k
1 K (0)+Ku () )
R V2Pay(t = Tbi(t — T, £)
=K (1)+1
Kr(t)
~Ri( Z Ciai(t -, £)+ RL( ni(), £) I

=| §%¢ + I"’Sc + 1%+ NYE + N
14 M IcC

®

where §%¢ is the component of the signal, Iﬁ“" denotes the
MAI from K,(f) packets under the execution of PR/CA,

Iﬁf represents the MAI from K (¢) mis-recognized pack-
ets, Nfc"f means the cumulative noise due to the IC for K,.(f)

recognized packets, and N,'f is the noise on the channel. In
the case that the packet is transmitted from the kth US and
PR/CA is performed at £ = 71, S¥¢ equals V2P/2.

Since no packet transmission from the kth US means
Sk€ = 0 for all £, the packet from the kth US is falsely
recognized at a delay £ under the condition:

HE : {n© > o
no packet transmission from the kth US}
U@ > el ¢ # m)
packet transmission from the kth US}
= {155 + I;f + N3 + Np¥ | > o}

Ul s+ LE+ DE4NELNE|>e), @

-
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where £ equals £ except £ = 1. The first inequality shows
that PR/CA is declared at & = 71, though the packet is not
actually transmitted. The second one is brought up in the
case that the wrong PR/CA is declared at &€ # T, even if the
packet is actually transmitted. This equation implies that the
packets could be easily falsely recognized provided that the
noise or the MAIT is large enough to exceed the threshold.
For the mis-recognition, the packet from the kth US is
mis-recognized at a delay £ under the condition:

#f (@ <e1£=m
packet transmission from the kth US}

={|_‘/Z€

kT kT k, Ty kT
5 +IF Iyt + Nigt + N

< a}; a0

that is, PR/CA is performed at £ = 7, but the decision vari-
able does not exceed the threshold. This case might occur
due to the decrease in the signal component V2P/2 by the
noise and the MAT

From Egs. (9) and (10), whether packets are falsely,
mis-, or correctly recognized depends on the three terms Iké
I"f and Nf’cf , in addition to the noise term N, k¢ Note that
there is no relation between the MAI I" * and the threshold

o because the MAI [ pg depends only on both the number of
packets under the execution of the PR/CA and the charac-
teristic of the cross-correlation of the spreading signal. In
contrast, since the threshold « determines whether the pack-
ets are falsely, mis-, or correctly recognized, both K,(¢) and
K(t) depend on a. Generally, as the threshold @ increases,
K, (f) decreases but Ky () increases[12]. Both terms, the cu-
mulative noise Nj‘g and the MALI from the mis-recognized

packets 1%, vary according to the threshold. Note that be-
cause of the small number of packets under the execution
of PR/CA, the MAI II"f rmght be negligible; the cumulative

noise N Ig and the MAI I;7 “£ would swell in the case of a large
number of falsely or mls~recovmzed packets.

4. Performance Evaluation

In this section, we evaluate the treated scheme’s perfor-
mance. In packet communication systems, it is of coursé
important whether the packets are successfully transmitted
or not. This implies an evaluation in terms of throughput,
which is defined as the number of successfully transmitted
packets in the time duration of a packet. Successful packet
transmission means that all data in packets are correctly de-
modulated. Note that from the definition of throughput,
degradation from the overhead of preamble is considered.
In addition, since the correct PR/CA is a necessary condi-
tion for the success of packet transmission, we consider the
probability of falsely recognition P and the probablhty of
mis-recognition Py, which are defined as
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Table1l Simulation parameters.

Parameter Value
Z, 100 [bits]
Ly 500 [bits]
KX; 180
T, 1T

Ep/Ny 30[dB]

N 31
— 3

Pp = gg[Pr{?-lF 1] (11)
— k&

Pu=F [ Pr(#)] (12)

where Epg[-] takes the expectation with respect to US %
and delay £. For convenience, the terms in Egs. (9) and
(10) are normalized by V2P/2 so that the signal component
for desired packet ¢ becomes 1. We define the normal-
ized threshold @ as 2a/ \/fﬁ, and calculate the performance
by running a computer simulation whose parameters are as
shown in Table 1. Chip duration is defined as T = T}/N,
where N is the processing gain. Since we consider mobile
communication systems like 3G systems as an application
of the scheme, Ly, N and L, are set as in Table 1.

To enhance the influence of MAI, we consider the sit-
uation of low noise, such as E;/Ny=30[dB]. In a system
using the DS/SS technique, code acquisition must be per-
formed below a chip rate such as T, = T,/2. Since the time
interval between consecutive packet transmissions at a US is
assumed to follow the exponential distribution, the number
of user stations must be large enough.

For comparison, we introduce a system without SIC,
in which packets are recognized by using the received sig-
nal r(¢) itself. In the system without SIC, since no inter-
ference cancellation scheme is considered, MAI from the
recognized packets cannot be reduced. Thus, using the MAI
from the recognized packets If;‘f instead of the cumulative

noise N;‘C':e , the decision variable can be expressed as
(@) =| M+ IF + I+ I+ NEF ), (13)

where

K0

Iff = ﬁk(% Z V2Pay(t — )byt — 11)el?, é’) 14)
i=1 ‘

tepresents the MAI from K,(f) recognized packets.
Throughput depends on the number of falsely and mis-
recognized packets[9], and also depends on the threshold
and the sum of Nfcf + Ij{f + 11’;‘5 as to whether the packets are
falsely or mis-recognized. In the case that a packet is not
transmitted, the packet is falsely recognized provided that
the sum Nfg + Iﬁ‘f + Iﬁ‘f exceeds the threshold. Similarly,
In the case that a packet is transmitted, the decision variable
ight be decreased by the sum Nfcg + Iﬁf + Iﬁ"‘" so that the
decision variable often falls below the threshold; the packet
Is then miss-recognized, implying that mis- or false recog-
Nition is easily declared if the magnitude (variance) of the
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sum N}‘Cf + Iff + If;’f approaches the threshold. Such vari-

* ance can be evaluated by using the magnitude of the three

components N;‘Cf , If‘;f, and Iﬁ“f, since the three terms are in-
dependent of each other. Therefore, in order to discuss the
optimum threshold that maximizes the throughput, we pick
up the magnitude of cumulative noise N;‘C"c and MAI from
mis-recognized packet Iﬁf and the packet under the execu-
tion of the PR/CA I5%.

Figure 5 shows the the expected magnitude of cumula-
tive noise and MAI from mis-recognized packets and pack-
ets under the execution of the PR/CA, that is, Ek,g[leg 11,

E; ,g[lfifl], and E;, g[llﬁ’fl]. Given a threshold and an offered
load, these are obtained by simulation. The straight line in
Fig. 5 shows the threshold, and PR/CA is declared if the de-
cision variable crosses this line. Based on the relation be-
tween the magnitudes and the threshold in Fig.5, we can
explain the threshold optimized in terms of throughput at
every offered load, which is shown in Fig.6.

From Fig. 5, the threshold is lower than the cumulative
noise and MAI from mis-recognized packets and -packets
under the execution of the PR/CA in the case of a low thresh-
old. This shows that the variance of the sum I,’§’§+11’{’4§+Nfg is
so large that the decision variable often exceeds the thresh-
old, resulting in a large number of falsely recognized pack-
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ets. Since the IC is performed not only for the correctly rec-
" ognized packets but also the many falsely recognized ones,
a large amount of the cumulative noise arises. Such cumu-
lative noise causes demodulation error, which brings about
degradation of the throughput. Note that the MAI from
the mis-recognized packet Iﬁf, that is, the number of mis-
recognized packets, is also found to be large in this case.
From Egq. (8), the variance of the decision variable could be
reduced by the large MAI from the mis-recognized packets,
which implies that the decision variable often falls below the
threshold. :

In contrast, in the case of a high threshold, the sum
of the cumulative noise, MAI from mis-recognized packets,
and the packets under the execution of the PR/CA hardly
exceed the threshold. Thus, because of the small number
of the falsely recognized packets, the cumulative noise N;‘Cf
may decrease. However, the MAIT from the mis-recognized
packets might increase because the threshold is so high and
the variance of the decision variable is decreased enough
that the decision variable could often fall below the thresh-
old. The MAI from such mis-recognized packets cannot be

reduced by using the SIC, which implies that the through- -

put is also degraded. Therefore, the maximum throughput is
obtained at the optimized threshold at which both the mis-
recognized and the falsely recognized packets could be re-
duced.

From Fig. 5, the MAI I;‘;’f from the packets under the
execution of PR/CA may be nearly constant even if the
threshold varies. The error of PR/CA could occur provided
that the MAI I§’§ is greater than the threshold, which im-

plies that the MAT might be critical. However, the MAI lﬁ"f

is smaller than the threshold where the throughput is maxi-

mized. Consequently, the reduction of PR/CA errors can be
- realized due to the small effect of the MAI Iﬁ"’:.

Figure 5 also shows that the cumulative noise is re-
duced as the threshold increases, implying that the number
of recognized packets K,(¢) decreases as the threshold in-
creases. The MAI from mis-recognized packets is gradually
suppressed until the optimum threshold, though the thresh-
old exceeds the optimum one, it increases. Then, the num-
ber of mis-recognized packets Ky, (¢) decreases until the op-
timuimn threshold; if the threshold exceeds the optimum one,
it increases.

Figure 6 shows that the threshold for maximizing the
throughput is about ¢ = 0.8, and as the offered load in-
creases, the threshold slightly increases. Furthermore, as the
offered load increases, the cumulative noise, the MAI from
mis-recognized packets, and the MAI from the packets un-
der the execution of the PR/CA also increase, as shown in
Fig.5. This implies an increase of the variance of the de-
cision variable. Then, the decision variable for an actually
transmitted packet can easily fall below the threshold, sug-
gesting that many packets are mis-recognized. Similarly,
many packets might be falsely recognized in this situation.
Since the MAI from mis-recognized packets is larger than
the cumulative noise from falsely recognized packets{9], the
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optimum threshold increases as the offered load increases.
Because the probabilities of Pr and Pjs depend on
the cumulative noise and the MAI from mis-recognized

. packets and the packets under the execution of the PR/CA,

511, ErgllF1), ErglINGED, and Ey[II5F1] are plotted
in Fig.7. This figure can be obtained by simulation when
the threshold is set according to the result in Fig. 6.

As the offered load increases, many packets arrive at
base station, and when this occurs, the number of packets
under the execution of the PR/CA and recognized packets
also increases. This indicates that the cumulative noise }Nf&f |
and the MAI from packets under the execution of the PR/CA
II’;;"f[ swell. From Eq. (10), such noise and MAIT increase the
variance of the decision variable in the case that a packet
is transmitted, which causes the mis-recognition. Note that
such an increase of mis-recognition can be found from the
increase of the MAI from mis-recognized packets Iﬁf.

Here, the cumulative noise and the MAI in both cases
of using SIC and not using SIC are compared. The MAI
from the recognized packets is very large when SIC is not
used, whereas when SIC is used, the large MAI is reduced
into the cumulative noise. This reduction may be brought
about by the suppression of the MAT from the correctly rec-
ognized packets. The MAI from mis-recognized packets
cannot be reduced, even in the case of using SIC, because
of the high threshold.

The error probabilities of PR/CA are plotted in Fig. 8.
Such probabilities can be obtained by counting the events
of mis- and false recognition in the simulation. The prob-
ability of false recognition Pr for the system with SIC be-
comes much better than that for the system without SIC,
since the cumulative noise can be reduced by using SIC.
From Egs. (9) and (11), the reduction introduces improve-
ment to the false-recognition probability, whereby the prob-
abilities of mis-recognition Py may be approximately the
same.

Figure 9 shows the throughput for the system both
with and without SIC. To clarify the effect of using SIC for
PR/CA, the throughput when SIC is used for demodulation
and not used for PR/CA is also depicted. The simulation p2-
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Fig.9  Throughput performance versus offered load.

rameters are the same in all cases. This figure illustrates that
the throughput for the system with SIC is better than those
for the other systems. These throughput may be degraded
by PR/CA error and the overhead of preamble. Although
applying SIC only to the demodulation could improve the
throughput compared with the system without SIC, the large
number of falsely recognized packets limits throughput im-
provement because of the cumulative noise. The treated sys-
tem decreases the number of falsely recognized packets, and
then improves the throughput; therefore, applying SIC to
PR/CA is also effective from the point of view of through-
put improvement.

5. Conclusion

The PR/CA error may arise because of MAI from already
Tecognized packets and newly arriving packets under the ex-
ecution of the PR/CA. In CDMA U-ALOHA systems, the
characteristic of asynchronous transmission and the short
Preamble part, the MAI from the packets under the exe-
Cution of the PR/CA will be small. Using such a char-
acteristic, this paper proposed applying the IC scheme to
PR/CA to suppress the MAI from the already recognized
and code-acquired packets. We used the SIC scheme since
1t provides a residual signal in which the MAI from the al-

-
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ready recognized and code-acquired packets is suppressed.
PR/CA was performed by a simple scheme of serial-search
using the residual signal. A performance evaluation re-
vealed that the MAI from the packets under the execution
of the PR/CA can be negligible. Consequently, the suppres-
sion of only the MAI from the already recognized and code-
acquired packets can realize improvement to PR/CA. In
particular, the suppression reduces false recognition, while
mis-recognition is hardly reduced. In addition, the treated
scheme improves the performance of not only the error
probabilities of PR/CA, but also the throughput.

Acknowledgments

This work is supported in part by “The 21st Century COE
Program by the Ministry of Education, Culture, Sports, Sci-
ence and Technology in Japan” and “Fujitsu Laboratory”.

References

[1] P.W. Graaf and I.S. Lehnert, “Performance comparison of a slotted
ALOHA DS/SSMA network and a multichannel narrow-band slot-
ted ALOHA network,” IEEE Trans. Commun., vol.46, no.4, pp.544—
552, April 1998.

[2]1 W. Cooper, J.R. Zeidler, and S. McLaughlin, “Performance analysis
of slotted random access channels for W-CDMA systems in Nak-
agami fading channels,” IEEE Trans. Veh. Technol., vol.51, no.3,
pp.411-424, May 2002.

[3] P.B. Rapajic, “Performance analysis of slotted ALOHA/CDMA sys-
tem with adaptive MMSE receivers,” IEICE Trans. Fundamentals,
vol.E80-A, no.12, pp.2485-2492, Dec. 1997.

[4]1 Q. Liu, E. Yang, and Z. Zhang, “Throughput analysis of CDMA

systems using multiuser receivers,” IEEE Trans. Commun., vol.49,

no.7, pp.1192-1202, July 2001.

M. Yin and V.O.K. Li, “Unslotted CDMA with fixed packet lengths.,”

IEEE J. Sel. Areas Commun., vol.8, no.4, pp.529-541, May 1990.

[6] X. Cai, Y. Sun, and A.N. Akansu, “Performance of CDMA random
access systems with packet combining in fading channels,” TEEE
Trans. Wireless Commun., vol.2, no.3, pp.413-419, May 2003.

[7] V.V.Phanand S. Glisic, “Unslotted DS/CDMA packet radio network
using rate/space adaptive CLSP;” IEEE Int. Conf. Commun., vol.5,
pp.3382-3387, 2002.

[8] Y. Tadokoro, H. Okada, T. Yamazato, M. Katayama, and A. Ogawa,
“Performance analysis of CDMA Unslotted ALOHA system em-
ploying successive interference cancellation,” IEICE Trans. Funda-
mentals (Japanese Edition), vol.J86-A, no.2, pp.168-178, Feb. 2003.

{91 Y. Tadokoro, H. Okada, M. Saito, T. Yamazato, M. Katayama, and
A. Ogawa, “Throughput performance of CDMA Unslotted ALOHA
system with successive interference cancellation considering detec-
tion error of packet existence,” International Symposium on Infor-
mation Theory and Its Applications, vol.2, pp.728-731, Nov. 2000.

[10] PR. Patel and .M. Holtzman, “Analysis of a simple successive in-
terference cancellation scheme in a DS/CDMA system,” IEEE I. Sel.
Areas Commun., vol.12, no.5, pp.796-807, June 1994.

[11] A. Polydoros and C.L. Weber, “A unified approach to serial search
spread-spectrum code acquisition part II: A matched-filter receiver,”
IEEE Trans. Commun., vol.COM-32, no.5, pp.550-560, May 1984,

[12] R. de Gaudenzi, F. Giannetti, and M. Luise, “Signal recognition
and signature code acquisition in CDMA mobile packet communi-
cations,” IEEE Trans. Veh. Technol., vol.47, no.1, pp.196-208, Feb.
1998. .

[13] E. Dahlman, P. Beming, J. Knutsson, F. Ovesjd, M. Persson, and
C. Roobol, “WCDMA-~—The radio interface for future mobile mul-
timedia communications,” IEEE Trans. Veh. Technol., vol.47, no.4,

5

—




1612

pp.1105-1118, Nov. 1998.

Yukihiro Tadokoro - was born in Mie, Japan
in 1978. He received the B.S. and M.S. degrees
in Information Electronics Engineering from
Nagoya University, Japan in 2000 and 2002, re-
spectively. His current research interests include
the packet radio and spread-spectrum radio net-
works. He is currently working toward the Ph.D.
degree at Nagoya University. Mr. Tadokoro is a
student member of IEEE.

Hirakn Okada was born in Nagoya, Japan
in 1972. He received the B.S., M.S. and Ph.D.
degrees in Information Electronics Engineering
from Nagoya University, Japan in 1995, 1997
and 1999, respectively. From 1997 to 2000, he
was a research fellow of the Japan Society for
the Promotion of Science. Since 2000, he has
been an Assistant Professor of the Center for In-
formation Media Studies at Nagoya University,
Japan. His current research interests include the
packet radio communications, multimedia traf-
fic, wireless multihop/multicell networks, and CDMA technologies. He
received the Inose Science Award in 1996, and the JEICE Young Engineer
Award in 1998. Dr. Okada is a member of IEEE and SITA.

Takaya Yamazato was born in Okinawa,
Japan in 1964. He received the B.S. and
M.S. degrees from Shinshu University, Nagano,
Japan, in 1988 and 1990, respectively, and re-
ceived the Ph.D. degree from Keio University,
Yokohama, Japan, in 1993, all in Electrical En-
gineering. From 1997 to 1998, he was a visiting
researcher at University of Kaiserslautern. He
is now an Associate Professor of the EcoTopia
Science Institute at Nagoya University, Japan.
His research interests include sensor networks,
satellite and mobile communication systems, CDMA, and joint source-
channel coding. Dr. Yamazato received the IEICE Young Engineer Award
in 1995. He is a member of IEEE and SITA.

IEICE TRANS. FUNDAMENTALS, VOL.E88-A, NO.6 JUNE 2005

Masaaki Katayama was born in Kyoto,
Japan in 1959. He received the B.S., M.S. and
Ph.D. degrees from Osaka University, Japan in
1981, 1983, and 1986, respectively, all in Com-
munication Engineering. He was an Assistant
Professor at Toyohashi University of Technol-
ogy from.1986 to 1989, and a Lecturer at Osaka
University from 1989 to 1992. In 1992, he
joined Nagoya University as an associate pro-
fessor, and has been a professor since July 2001.

- He is now a professor and head of Division of
Information and Communication Sciences at EcoTopia Science Institute of
Nagoya University. He had been working at the College of Engineering of
the University of Michigan from 1995 to 1996 as a visiting scholar. His
current research interests are on the physical and media-access layers of
radio communication systems. His current research projects include, Soft-
ware Defined Radio systems, Reliable Robust Radio Control Systems with
multi-dimensional coding and signal processing, Power-Line Communi-
cation Systems, and Satellite Communication systems. He received the
TEICE(was IECE) Shinohara Memorial Young Engineer Award in 1986.
Dr. Katayama is a member of SITA and IEEE.





