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ABSTRACT

In this paper, we consider the acquisition
performance of an 1S-95 reverse link access
channel slot as a function of system design
parameters such as postdetection integration
length and the number of access channel mes-
sage block repetitions. The uncertainty re-
gion of the reverse link spreading codes com-
pared to that of forward link is very small,
since the uncertainty region of the reverse link
is determined by a cell radius. Thus, the
parallel acquisition technique in the reverse
link is more efficient than a serial acquisition
technique in terms of implementation and of
acquisition time. The parallel acquisition is
achieved by a bank of N parallel 1/Q nonco-
herent correlators. The output characteristics
of an I/Q noncoherent correlator are analyzed
for band-limited noise and the Rayleigh fast
fading channel. The detection probability is
derived for multiple correct code-phase offsets
and multipath fading. The probability of no
message error is derived when rake combining,
access channel message block combining, and
Viterbi decoding are applied. Numerical re-
sults provide the acquisition performance for
system design parameters such as postdetec-
tion integration length and number of access
channel message block repetitions in case of
a random access on a mobile station.
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I. INTRODUCTION

In recent years, direct sequence code
division multiple access (DS/CDMA) has
become more popular in digital cellu-
lar and wireless communication networks.
There are several advantages that make
DS/CDMA an attractive radio access tech-
nique. These advantages include the abil-
ity to combat multipath and allow multi-
ple users to simultaneously communicate
over a channel. However, the advantages
of DS/CDMA can be exploited only if the
pseudonoise (PN) code sequence of a re-
ceiver and an incoming signal are synchro-
nized within a fraction of a PN chip. Typi-
cally, the process of synchronization is done
in two steps, acquisition (coarse alignment)
and tracking (fine alignment) [1], [2]. This
paper is mainly focused on the acquisition
of the reverse link in the IS-95 CDMA digi-
tal cellular system. In the reverse link, since
a pilot channel is not utilized in order to
conserve mobile station power, noncoher-
ent demodulation is used for the voice/data
traffic channel and access channel [3]. In
consideration of hardware complexity, 1/Q
noncoherent correlators are used for acqui-
sition operations as well.

Typically, cells in digital cellular and
wireless communication networks are clas-
sified roughly according to cell radius as
macrocells and microcells. The maximum
cell radiuses of macrocells and microcells
are 20 km and 1 km, respectively. In case
of macrocells, since the propagation delay

is about 3us/km, the maximum round trip
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delay corresponds to about 120 us. When
the period of a PN chip, T, is 1 us, the un-
certainty region of reverse link is about 120
PN chips. Thus, compared to the uncer-
tainty region of a forward link which is the
entire code period (32768 PN chips), that
of the reverse link is very small. In case of
a small uncertainty region, parallel acquisi-
tion is more efficient than serial acquisition
in terms of implementation and of acqui-
sition time. Also, a single-dwell detection
scheme is known to be more efficient than
a multiple-dwell detection scheme over the
initial acquisition of a reverse link access
channel slot [4].

A parallel acquisition technique that em-
ploys a bank of N parallel I/Q noncoherent
matched filters (MFs) is discussed in [5],
[6]. In this paper, we consider correlators
rather than matched filters. The output
characteristic of an 1/Q noncoherent corre-
lator is analyzed for the band-limited and
Rayleigh fast fading channel. The indepen-
dent fading of all users is assumed. The
detection probability is derived for multi-
ple H; hypotheses and multipath fading [4].
The probability of no message error is de-
rived when rake combining, access channel
message block combining, and Viterbi de-
coding are applied. Based on these evalua-
tions, suboptimum values of system design
parameters such as postdetection integra-
tion length (noncoherent summations) and
the number of access channel message block
repetitions are chosen in terms of mean ac-

quisition time and mean slot acquisition
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time. These values are also chosen for cases
without antenna diversity and with antenna
diversity.

This paper is organized as follows. The
procedure of random access and slot acqui-
sition is described in Section II. The output
characteristic of an I/Q noncoherent corre-
lator, mean slot acquisition time, and re-
quired probability are analyzed in Section
III. Numerical results are presented in Sec-
tion IV, and finally, a concluding discussion

is presented in Section V.

Il. SYSTEM DESCRIPTION

The DS/CDMA reverse link consists of
the access and reverse traffic channels [7].
The access channel is used for a random
access, while the reverse traffic channel is
used for communicating user traffic data.
When a mobile station attempts to access
a network, an access channel slot (pseudo-
randomly selected transmission time inter-
val) is utilized. Transmissions during an
access channel slot consist an access chan-
nel preamble unmodulated by data and an
access channel message capsule consisting
of access messages encoded for error detec-
tion with a cyclic redundancy code (CRC).
In order to analyze the acquisition perfor-
mance of access channel slot transmissions,

the following assumptions are made :

1) The access channel transmission uses
9600 bps mode.
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2) An access channel message block is de-
fined as the result that an access channel
message is convolutionally encoded.

3) An access channel message capsule con-
sists of several access channel message
blocks.

The random access procedure is briefly
described. The transmission timing of an
access channel slot is determined pseu-
dorandomly. If the initial acquisition is
achieved during a given access channel
preamble, the base station proceeds with
noncoherent demodulation of M-ary orthog-
onal signals, Viterbi decoding, and CRC
checking over the succeeding access chan-
nel message capsule. If no error is detected
by CRC checking, the access attempt suc-
ceeds tentatively, and the base station sends
an acknowledgment to the mobile station.
If an acknowledgment is correctly received,
an access attempt terminates. But, if errors
are detected by CRC checking, the access
attempt fails, and the base station does not
send an acknowledgment to the mobile sta-
tion. In case of an access attempt failure,
the access channel slot is pseudorandomly
repeated at the base of the system time,
namely, it is retransmitted a random delay
whose average corresponds to several slots.

In the reverse link, since the transmitted
signal of a mobile station is always spread
by the PN code sequence with zero code-
phase offset, the uncertainty region is de-
termined by the round-trip delay due to
the cell radius. Thus, the uncertainty re-

gion, V, can be represented as W/A, where
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Fig. 10. System structure.

W and A are the number of PN chips for
round-trip delay and search step size, re-
spectively.

The acquisition system under consider-
ation in this paper is a parallel acquisition
using a single-dwell detection scheme. Since
the parallel acquisition is done by a bank
of N parallel I/Q noncoherent correlators
as shown in Fig. 1, the number of total
test hypotheses for each I/Q) noncoherent
correlator is given by V/N. The parallel
acquisition algorithm using single-dwell de-
tection is as follows : Defining the sample
as the sum 7 of I/Q noncoherent correla-
tor outputs for the postdetection integra-
tion (noncoherent summations) length L as
shown in Fig. 1, the samples correspond-
ing to all test hypotheses are compared.
Finally, this scheme only chooses the test
hypothesis (code-phase offset) that corre-
sponds to the largest one among V' samples.
After completing this procedure, the mul-

tipath acquisition is done over £W), chips

range centered on the code-phase that is al-
ready selected. W), is |T,,,/T.] +1, where T,
is the delay spread of a channel, T is the
period of a PN chip, and [-] denotes the
integer part. This selects the other code-
phase offset that corresponds to the largest
sample except the code-phase offset that is
already selected. Thus, the initial acquisi-
tion is terminated by finishing the mulit-
path search.

I1l. ACQUISITION ANALYSIS

1. Output Characteristic of 1/Q
Noncoherent Correlator

In order to evaluate the acquisition per-
formance, we consider the discrete multi-
path Rayleigh fading channel [10]. The dis-
crete multipath intensity profile p(7) of a
fading channel as a function of the time de-
lay 7 can be modeled by
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where «; and 7; are the path gain and
time delay of the i-th path, respectively.
The path gains are independent, identi-
cally distributed, Rayleigh random wvari-
ables with mean square values E[o?]. The
number of multipath components, J, is
|70 /T.] +1.  In IS-95 [7], the trans-
mitted access channel preamble of the
k-th user can be represented as

S (1) =/ g coswe(t) Z wéﬁza%h(t —nT)

n

+ Epsmwr Zwonath(tf nTe), (2)

n

where CL<I];)1, agi)n are the I and QQ PN se-

quences, respectively, w[(]k,)L is the Walsh in-

dex 0 sequence, Eék)

is the PN chip energy,
and h(t) is the impulse response of a band-
limited filter.

In the presence of noise with multipath
and of other users from the same and other
cells in the reverse link, the received signal

in cellular DS/CDMA reverse link can be

written as
\/ [cos wet go;i))

’ Z wgz,zla(;,)nh(t —nT.— 7'](7>> + sin(wct _ <'0§7>)

3
Il
—_
Il
=
~
Il
—_

ng’zl aQ Vh(t—nT, — Tj(mi))} +n(t)(3)

where N,

and the number of other cells, respectively,

and N, are the number of users
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4,0?) is the random phase of the j-th path
for the i-th user, wff;l is the Walsh index
s sequence of the i-th user, and n(t) is
an additive white Gaussian random process
with zero mean and two-sided power spec-
tral density Ny/2. Also, the subscript m
denotes the other cell component.

Referring to (3) and I/Q noncoherent
correlator of Fig. 2, Y7 and Y for the h-
th path of the k-th user in the home cell
can be represented as

Y,NufZ

h cos<p —1—5 nf,,
n=1

and

YQ N, \/ Z SIHCPJ +ZnQna )
n=1

where R(N,) = [|H(f)[*cos( 27Tf)\ ) df,

)\EZJ) is the tlmlng error between the j-th
path and PN code sequence of local PN
code generator corresponding to the h-th
path, N, is the number of PN chips for a
Walsh symbol duration.

The variance consists of the contribution
from background noise, multipath interfer-
ence, multiple access interference, and other
cell interference. From (4) and (5), the vari-
ance of Y7 and Y{, is given by

Var[Y;] = Var[Yy] = o7, (6)

’ Z wg'zwa(ﬁi) h(t —nT. — T}'m) )+ sin(wet — <p§."”i))

where o is the interference variance for the
h-path of the k-th user.

To evaluate the interference variance on
the reverse link, we assume that the num-
ber of users is the same in all cells and users
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Fig. 11. I/Q noncoherent correlator.

are uniformly distributed. Also, the fad-
ing of all users in all cells is assumed to be
independent. In general, the interference
described above is treated as an additive
Gaussian noise. In this case, under hypoth-
esis H; corresponding to the hA-th path of
the k-th user, the interference variance o?

can be represented as

ZV?U
o == No+EPE{(aM }Z (T + 2]
—
J
+EOS " B{(a) Z (nT.+ A
.I;h n=—oo
+ E ZE{ @ }Z R(nT,+ A7)
1#]‘ n=—oo
NlL
+RfZE ZE{ 2y Z (nT.+ A
where )\glj) is the timing difference between

the h-th path and the j-th path of the k-th

user, )\gj ) is the timing difference between
the h-th path of the the k-th user and the
J-th path of the ¢-th user, and R; is the
ratio of total other cell user interference to
home cell other user interference. Typical
value for Ry is 0.55 [8]. In (7), the first term
is background noise component, the second
term is the interchip interference compo-
nent, the third term is the multipath in-
terference component, the fourth and fifth
terms are the other user interference com-
ponents of home cell and of other cells, re-
spectively.

Then, if we assume that the number of
users is the same in all cells and users are
uniformly distributed, the interference vari-
ance o7 for the h-th path of the k-th user

(7)can be rewritten as

=
v | 2

A NoJrEE{ah}Z [R(nT,+A"))?

n=—0o0

n#0
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+E. ZE{OP} Z (nT.+ A7)

l#h ;
+H{(N,—1)+R;N,}E. Y E{a}}
! Z [R(TLTC)}Q ) (8)

where o? is also based on an implicit as-

sumption that the phase wgk) in (4) and (5)
remains constant over the Nw PN chips ac-
cumulated.

Also, the variance o3 of Y7 and Y under
hypothesis H (incorrect acquisition case)
can be represented as

J
MU
o= 5 N0+M(1+Rf)Ec;E{a?—}
3 [ROT)P (9)

ACQ: Slot Acquisition State
BOS: Begin of Slot
Hp(z) EOS: End of Slot

Hyp(2)

Fig. 12. State diagram of the access channel slot

acquisition.

2. Mean Slot Acquisition Time

State diagram is used to derive the prob-
ability generating function of acquisition
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time owing to Markovian nature of the ac-
quisition process. The state diagram of ac-
cess channel slot acquisition described in
Section II is shown in Fig. 3. Hp(z) and
Hnyp(z) of Fig. 3 are given by

Hp(z) = PpPc2° (10)
and
Hyp(z) = (1—PpPp)z°, (11)

where Pp and Fg are the detection proba-
bility and probability of no message error,
respectively. S is the size of access channel
slot comprised of access channel preamble
and access channel message capsule. From
Fig. 3, the generating function is

Hp(z)

U(Z) - 1 7ZDHND(Z) ’

(12)

where D is the average random-delay.
Thus, the mean slot acquisition time,
E[Tacq), is given by

d
= Ean(z) .

_ S+D(1-PpP)
- PoPo

ElTacq)

(13)

3. Detection Probability and Probability
of No Message Error

To facilitate the derivation of detection
probability, we made the following assump-
tions : 1) all test statistics are indepen-
dent, 2) there are IH; cells in the uncer-
tainty region, 3) all test cells are a pri-
ori equally likely, and 4) the output char-
acteristic of an I/QQ noncoherent correla-
tor is analyzed for the fast fading model
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with Rayleigh-distributed envelope statis-
tics. If the decision variable 7 is the sum of
I/Q noncoherent correlator outputs Z;, [ =
1, 2, ---, L, which are mutually indepen-
dent, 1 under the hypothesis Hj is cen-
tral chi-square distributed with 2L degrees
of freedom. Hence, the probability density
function of 7 under the hypothesis Hj is
given by

1
(L— 1)'VL77 ’

fo(n|Ho) = (14)

where Viy = 208 = N, Iy, and I is the inter-
ference density under hypothesis Hy.

From (4) and (5), the I/Q noncoherent
correlator output means Vg, i =1, 2, -+, I
under the hypothesis H; are given by

Vi = N’E, ZE{OP} AP 4202,
7j=1
1=1,2,--+,1, (15)
where R(N) = [|H(f) \2005(27rf)\ )f

a; is the path gain of the j-th path, )\j
is the timing error between the j-th path
and code sequence of local PN code gen-
erator corresponding to the Hy; cell, and
Nyly = 20%. Using (15), the probability
density function of n under the hypothesis
H, is given by

1 —
H)= ——nt!
i=1,2,-1. (16)

Using the probability density functions of
(14) and (16) above, the detection proba-
bility can be derived. Since the detection
probability Pp,, corresponding to the Hy;
cell is the probability that the Hy; is larger
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than (V-1) cells, the detection probability

Pp,, is represented as

Pp, = /000 fo(nlHui) {/Onfr(xHo)dx] Y
lj [/Onfy(yHu)dy} dn. (17)

I#i

Since there are I H; cells in the uncertainty
region, the detection probability Pp is given
by

I
Pp=Y_Pp,. (18)
=1

The probability of no message error Po
is the probability that no error is detected
within an access channel message block, By.
After CRC checking, it is given by [11]

Po=(1-Pp)P, (19)

where Pp is the bit error probability after
the hard-decision Viterbi decoding. Then,
Pp is upper bounded by
1dT(D,N)

Pp<-

2 dN (20)

N=1,D=y/4e(1—¢)
where ¢ is the bit error probability of M-
ary orthogonal signals for the multipath
Rayleigh fading channel. We assume that
a received access channel message block
experiences independent fading.  Under
these fading environments, the symbol er-
ror probability of M-ary orthogonal signals
for T(< J) path combining and N, access
channel message block combining is given
by [10]

00 Z lo— z/(147¢)
Py = 1—/ B TN L= \R
o (R=DIA+7)"
—1
)*

. ll eV Z (Z/VN

k=0

M-1

dz, (21)
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R
1
where R = TN,, 7. = EZE[aﬁ]NwEC
j=1

Thus, the bit error probability of M-ary or-
thogonal signals is given by
M/2

= Py 22
e=qrqtm (22)

IV. NUMERICAL RESULTS

To evaluate the acquisition performance,
we consider the following parameters : the
period of a PN chip 7,=813.8 ns, num-
ber of PN chips per Walsh symbol dura-
tion N,,=256, number of I/Q noncoherent
correlators N=6, number of rake combin-
ing paths T=4, total search window length
W=148 PN chips (cell radius = 20 km),
multipath search region W,=6 PN chips,
search step size A=1/2, reset time T,=1.25
ms, average random-delay D=760 ms, num-
ber of Walsh functions M=64, access chan-
nel message block B;=>552 bits.

The average path powers Ela?], i =
1,2,---,6 of the discrete multipath inten-
sity profile considered in this work are
given by 0.5562, 0.2493, 0.1118, 0.0501, and
0.0101, respectively. In order to calculate

the bit error probability Pp given in (18),
dT'(D,N) ’ ¢

AN In-1°
the best (3,1,9) convolutional code in (20)

is given by [9]
dT(D, N)

= 11D"¥ +32D* +195D%*

dN ‘N:l + +
+564D* +1473D%* +5129D%
+17434D% + 54092 D32
+17117D* ... (23)
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In this paper, we intend to choose the
suboptimum system design parameters of
postdetection integration length L and the
number of access channel message block
repetitions NV, in terms of acquisition time
and its sensitivity.

From (13), we can calculate the mean
acquisition time when Pr = 1. Figures 4
and 5 show the mean acquisition times in
terms of FE/Iy in various values of L for
both cases without antenna diversity and
with antenna diversity, respectively. Here,
E; is N,E,. and I is the interference spec-
tral density that is represented as 207/N,
under hypothesis H; and 203/N,, under hy-
pothesis Hj, respectively. In view of the
mean acquisition time and its sensitivity
to changes in Eg/Iy, better performances
for both cases are achieved when L=3 and
L=2, respectively.

Mean acquisition time (s)

Es/lo (dB)

Fig. 13. Mean acquisition time for no antenna diver-

sity.

Figures 6 and 7 show the mean slot
acquisition time versus Fs/Ij for the case
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Fig. 14. Mean acquisition time for antenna diversity.

Mean acquisition time (s)

0.05 .

Es/lo (dB)

Fig. 15. Mean slot acquisition time for no antenna

diversity.

without antenna diversity and the case with
antenna diversity. From the results of
two figures, the suboptimum choice of the
case without antenna diversity is L=3 and
N,=4, while in the case with antenna di-
versity, the suboptimum system design pa-
rameters are L=2 and N,=2. From these

suboptimum system design parameters, the
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Mean acquisition time (s)

Es/lo (dB)

Fig. 16. Mean slot acquisition time for antenna di-

versity.

mean acquisition times of both cases are
about 0.1 s and 0.08 s, respectively, while
the mean slot acquisition times are about
0.3 s and 0.15 s, respectively. Hence, the
case with antenna diversity provides two
times shorter mean slot acquisition time
than the case without antenna diversity. If
we also see the sensitivity of mean slot ac-
quisition time with respect to L and N, its
sensitivity to changes in L is small more or
less, but that to changes in N, is very large.
Hence, the mean slot acquisition time is in-
fluenced by the probability of no message

error more than the detection probability.

V. CONCLUSION

The performance of an access channel
slot acquisition scheme has been evaluated

in terms of mean acquisition time and mean
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slot acquisition time, where the parallel ac-
quisition using the single-dwell detection
scheme is applied. Comparing the mean
slot acquisition time of both cases without
antenna diversity and with antenna diver-
sity, the case with antenna diversity can
achieve two times shorter acquisition time
than the case without antenna diversity.
The suboptimum system design parame-
ters such as L and N, have also been sug-
gested for both cases without antenna di-
versity and with antenna diversity, respec-
tively. In view of the mean slot acquisi-
tion time and its sensitivity to changes in
E /Iy, the case with antenna diversity per-
forms better when L=3 and N,=4, while
the case with antenna diversity does better
when L=2 and N,=2.
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