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ABSTRACT

This paper considers the evaluation of the acquisition performance for an access channel preamble based on a
random access procedure of direct sequence code division multiple access(DS/CDMA) reverse link. The parallel ac-
quisition technique that employs the single-dwell detection scheme and the multiple-dwell{(double-dwell) detection
scheme is mentioned. The acquisition performance for two detection schemes is compared in terms of the acqui-
sition probability and the acquisition time. The parallel acquisition is done by a bank of N parallel 1/Q
noncoherent correlators. Expressions on the detection, false alarm, and miss probabilities of the single-dwell and
multiple-dwell(double-dwell) detection schemes are derived for multiple H, cells and multipath Rayleigh fading
channel. Comparing the single-dwell detection scheme with the multiple-dwell{(double-dwell) detection scheme in the
case of employing the parallel acquisition technique in the reverse link. the numerical results show that the

single-dwell detection scheme demonstrates a betier performance.
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I. Introduction

In recent years, DS/CDMA has become more po-
pular in the area of digital cellular and personal com-
munication networks, because it includes the well-
known capability to both combat multipath and al-
low multiple users to simultaneously communicate

over a channel, However. advantages of DS/CDMA

can be exploited only when the PN code sequence of

the receiver and incoming signal are synchronized
within a fraction of a pseudonoise(PN) chip. Typi-
cally, process of code synchronization is achieved in
two steps, the acquisition(coarse alignment) step and
the tracking(fine alignment) step [1]. In this paper, the
acquisition of the random access signal in the reverse
link is mainly mentioned. Since the pilot channel is
not utilized for power efficiency of a maobile station in
the reverse link, the noncoherent demodulation has
been proposed [2]. Considering power efficiency and
hardware complexity, searcher and data demodulator
can be composed of the 1/Q noncoherent correlator.

Because the multiple users use a code channel as-
signed to the access channel in the case of the random
access in the reverse link, the acquisition for the ran-
dom access signal should be achieved rapidly. Most
of the acquisition schemes that have been suggested
for minimizing the acquisition time have applied the
serial acquisition [3, 4]. In order to realize a fast ac-
quisition, the parallel acquisition that applys a bank
of N parallel 1/Q noncoherent malched fillterstMFs)
or a bank of charge-coupled device(CCD) convolvers
has been suggested in [5-8].

In this paper, the parallel acquisition technique that

uses a bank of N 1/Q noncoherent correlators is in-
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vestigated. The output characteristic of each 1/Q
noncoherent correlator are analyzed for the band-lim-
ited and Rayleigh fast fading channel. The indepen-
dent fading of all users is also assumed. Based on a
fading environments described above, expressions of
the detection, false alarm, and miss probabilites are
derived. The mean acquisition time for two detection
schemes which are proposed is also derived. The pur-
pose of this paper is to examine and compare the par-
allel acquisition performance of the single-dweel de-
tection scheme and the multiple-dwell(double-dwell)
detection scheme. The comparision of the acquisition
performance for two detection schemes is mentioned
by the acquisiiion probability for a decision threshold
and the sensitivity of the acquisition time to changes
in the average random-delay.

This paper is organized as follows. The random ac-
cess procedure and acquisition systems considered are
described in parts A and B of section II, respectively,
and the mean acquisition time is derived in part C of
I

noncoherent correlator are analyzed in part A of sec-

section The output characteristics of the 1/Q
tion M1, and expressions of the required probabilities
are derived in part B of section 11I. Numerical results
are presented in section IV, and finally, conclusion is

discussed in section V.

II. System Description

A. Random Access Procedure

The DS/CDMA reverse link consists of the access
channel and the reverse traffic channel [9]. The access
channel is used for a random access, while the reverse

traffic channel is used for communicating user traffic



L

RR/IS059 2% FadM v 2 3 ol AE UM wao) 4 ¥4

data. When a mobile station attempts a random ac-
cess, an access channel slot is utilized. An access
channel slot consists of an access channel preamble
and an access channel message. An access channel
preamble is always spreaded by the PN code sequence
of zero code-phase offset. It is also unmodulated by
data signal. An access channel message consists of ac-
cess message and cyclic redundancy code(CRC). The
access message is classified by two types of messages:
a response message(one that is a response 1o a base
station) or a request message(one that is autonomous-
ly by the mobile station).

The random access procedure is briefly described as
follows. The timing of the transmission of an access
channel slot is determined pseudorandomly. If the in-
itial acquisition is finished within a given access chan-
nel preamble, a base station does noncoherent de-
modulation of M-ary othogonal signals, Viterbi de-
coding, and CRC checking over an access channel
message. If the no error is detected by CRC checking,
an access attempt succeeds and a base station’s sends
an acknowledgement to mobile station. If an ackno-
wledgement is correctly received, an access attempt
terminates. But, if the errors are detected by CRC
checking, an access attempt fails, and a base station
does not send an acknowledgement to a mobile
station. In the case of failure of an access attempt, an
access channel slot of a specified mobile station is
pseudorandomly repeated at the base of the system
time, namely, it is retransmitted after the random-delay.

In this paper, in order to facilitate the evaluation of
the acquisition performance, the no error is assumed
to be detected by CRC checking.

B. Acquisition Model for The Single-Dwell and
Double-Dwell Detection Schemes

In the reverse link, since the transmitted signal of

the mobile station is spreaded by the PN code se-

quence of the zero code-phase offset, the uncertainty

region is determined by the round-trip delay due to

cell radius. Thus, the uncertainty region, V', can be

1/Q noncoherent correlator 1 }~'-
14
= - 5
— hn=% 7 .
~—-»v{ 1Q noncoherent correlator 2 } I=

,‘\4‘
) 2) store v A samples
1ty . ) T S sample
.
|~—o@mczﬂler&m correlator N

Fig. 1. N parallel 1/Q noncoherent correlators for the
single-dwell and double-dwell detection schemes

to verification
mode or
demodulation

3) choose the largest

4) compare {argest to B

cosw,(t) g,

sinw. {1} a,

Fig. 2. 1/Q noncoherent correlator

represented as W /A, where W and A are the number
of PN chips for the round-trip delay and search step
size, respectively.

The system under consideration in this paper is the
parallel acquisition using the single-dwell and double-
dwell detection schemes for the access channel. Since
the parallel acquisition is also implemented by a bank
of N parallel 1/Q noncoherent correlators as shown in
Fig. 1, the number of test cells assigned to each 1/Q
noncoherent correlator is given by ¥ /M= M). The
structure of an 1/Q noncoherent correlator is shown
in Fig. 2. The parallel acquisition for the single-dwell
and double-dwell detection schemes can be described
as follows: First of all, the parallel acquisition for the
single-dwell detection scheme is described. Defining
the sample as the sum of 1/Q noncoherent correlator
outputs for the given postdetection integation(nonco-
herently summations) length L as shown in Fig. 1, the

samples corresponding to all test cells in the uncer-
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tainty region arc compared. Finally, this scheme only
selects the test cell{code-phase) that corresponds lo
the largest of V' samples.

The double-dwell detection scheme consists of two
separate modes, the search mode and the verification
mode [3-7]. The search mode lests i the largest sam-
ple exceeds a decision threshold 6. If the test passes,
the acquisition process moves to the verification mode
;otherwise, an acquisition attempt is done again
within a given access channel preamble, namely, the
new ¥ samples are collected. The verification mode
tests if # out of k samples for the selected code-phase
exceed (. If n out of k samples exceed (. the acqui-
sition is declared:otherwise, the acquisilion process
returns to the search mode. In this paper, u decision
threshold for two modes of the double-dwell detection
scheme is the same. After the declaration of the initial
acquisition. if a correct code-phase 1s inputled to the
tracking process, the acquisition process (crminales.
But, if a false code-phase is inputted to the tracking
process. and two detection schemes return to acqui-
sition process after the false alarm penalty time,
which is due to the size of an access channel message
and the average random-delay D for the avoidance of

the collision of an access channel slot.

C. Mean Acquisition Time

The acquisition model of the double-dwell detection
scheme described above can be represented as the
state diagram shown in Fig. 3.a. In Fig. 3.a. the
expression of the required acquisition parameters and

probabilities can be defined as follows:

S =size of an access channel slot.

N..=number of PN chips corresponding to the coher-

ent integration length.

T =number of acquisition attempts within a given ac-
cess channel preamble in the double-dwell detec-
tion scheme.

T, =dwell time of the double-dwell detection scheme

as LN, T..
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ACQ : Acquisition State

FA : False Alarm State
BOS : Begin of Siot
EOS : End of Slot

LI F’M.’L(Eos

IS . H"@//}}
\'W;}(FA i—/////

Fig. 3.a. State diagram of the double-dwell detection scheme

EOS

Fig. 3.b. Simplified state diagram

R =reset time for initialization.

I=number of ail H, cells in the uncertainty region.

Pp, = detection probability of H{i-th H,) cell in the
search mode.

Pp, = detection probability of Hi; cell in the verifi-
cation mode.

Pp, = detection probability of the search mode.

Py, = miss probability of the search mode.

Py, =false alarm probability of the search mode.

Py, = flase alarm probability of the verification mode.

The state diagram is used in deriving the moment
generating function of the acquisition time owing to
the Markovian nature of the acquisition process. In
the state diagram of the double-dwell detection scheme
shown in Fig. 3.a, Hp(2). Hpl2). Hu(2), Hpl2), Hif2),
Ho(2), Holz), Hyd2), H1(2), and Hx(2) are given by

I
Hp(2)= S Pp, M= Pp, 2MT ()]

i
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Hof2)=Pp, 2T, i=1,21, (2)
Hu(D)=T1 (1=Pp,) 7= Py, 247+, 3)
He(2)= Pr, 2T, )
Hi(2)= P, 2475, (5)
Ho()=(1—Pp)zT,  i=1,2. .1, (6)
Ho(2)=(1— Pg) 2", )]

Hu(2)=2R[Hp(2) Ho(2) + Hu(2) + Hp(2) Ho(2)], (8)

H|(Z) = zS~(MT, +kT, +R) (9)
and
Hz(z) = S ~2MT, +kT, +R), or zs—lzwr, +R)+kT,] . (10)

Referring to Fig. 3.a, the overall detection proba-

e

bility that passes the verification mode is given by ¥
t=0

I
[Hu(2)| -\ 1'Y Pp, Pp,. Using the flow graph re-
=1

duction method, the state diagram of Fig. 3.a can be
simplified as Fig. 3.b. Hp(z) and Hyp(z) of Fig. 3.b

are represented by

T-1

Hp(z)= Z

i
[PM, ZMT, + S PD,,(I _PD;.)Z(M +k)T,
=0 i1

+ Prl(l __PFI)Z(M'HHT, ]l
li

. z(l+l)R 3“ PD. PD Z(M+k)T, (ll)
= o

and

Hyp(2) =[Py, + L Pp (1= Pp,) +Pr(l = Pi)]" 25+

T-1 !
PrPr Y. [Pu,+Pr(1=Pr)+Y Pyl —Pp )] 25
t=0 L
(12)

4
where Pp, +Puy, +Pr,=1 and Pp, =Y Pp,.
=1

Since the single-dwell detection scheme has only
one acquisition attempt within a given access channel
preamble, H;(z) and Hyp(2) of the single-dwell detec-

tion scheme in Fig. 3.b can be written as

Hp(z)=Pp zMT. +R (13)
and
Hyp(2)=(1~Pp) 25, (14)

where Pp is the detection probability and 7' is the
dwell time represented by LTN, T..

In (13), the detection probability Pp, is based on
the fact that the postdetection integration length of
the single-dwell detection scheme is 7 times larger
than that of the double-dwell detection scheme. Thus,
the minimum size of an access channel preamble of
the double-dwell detection scheme is represented as T
(MT4+kT4+ R), while the minimum size of an ac-
cess channel preamble of the single-dwell detection
scheme is represented as MT, + R.

Using Mason’s gain formula, the transfer function
for Fig. 3.b is given by

Hp(2)
U(z)=m . (15)
where the transfer function U(z) is the moment gener-
ating function. Thus, the mean acquisition time, F£

[Tacgl, is given by

d
E[T.“\Q ] = _d—z_ In U(Z)

2=l

D ,
=[ g TDHw) 16
Hp(1) 1 — Hyp(l) '
, . d a
where Hp(1) and Hwyp(1) are —— Hp(2) and —-
dZ z=1 d-?
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Hyp(2) , respectively.
z=1

The acquisition probabilities can be obtained by
substituting z= I into Hp(z) given by (11) and (13).
Referring to (11), the acquisition probability of the

double-dwell detection scheme is given by
7 -1
Paco =Z Pp,, Po, j/_;ﬂ [ Py,

+5 o= Po)+Pr(1—Pp)I'. a7

From (13), the acquisition probability of the single-

dwell detection scheme is given by

PA(‘Q=PD,. (|8)

. Analysis of The Required Probabilities

A. Output Characteristic of The 1/Q Noncoherent
Correlator
In order to evaluate the acquisition performance,
we consider the discrete multipath Rayleigh fading ch-
annel [10]. The discrete multipath intensity profile p(t)
of a fading channel as a function of the time delay t

can be modeled by

J

p)=Y Ela]]ét—1), (19)

where a; and t; are the path gain and the time delay
of the i-th path, respectively. The path gains are inde-
pendent and identically distributed Rayleigh random
variables with mean square values E£[a;]. The num-
ber of multipath components, J, is [ T/T. ] + I, where
Ty is the delay spread of a channel, and [-] denotes
the integer part. In [9, 11], an access channel preamble

of the k&-th user can be represented as

SB(E) = VE® cosw () ¥ wi a®, h(t —nT,)

=VE® sinwt) ¥ w, a®, it —nT),  (20)
388

where aff, and @', are the | and Q PN sequences,

wify, is the Walsh index 0 sequence, E* is the PN chip
energy. and A(f) is the impulse response of the band-
limited filter.

The received signal in cellular DS/CDMA reverse

link can be written as

i)=Y

pa—

Nu
=1

J R
Y o’ VEP [costw .t — o)

! |

S wihal kit —nT.—1\") +sin(w. t — ")

n

Neoona g . _—
Y whag, bt =T~ 45T o VE™
" =

et
n [

[costwet —@™) T w7 a7 it —nT — )]
+sin(ue =@7™) 1w agh bt —nTe=1™)]
+ V2 ndt)coswet = N2 nglt)sinwt, @1

where N, and N, are the number of users and the num-
ber of other cells, respectively, (p(,” is the random
phase of the j-th path for the i-th user, w!, is the
Walsh index s sequence of the -th user, and #,(¢) and
np(t) are lowpass Gaussian random processes with
zero mean and a two-sided power spectral density N,/
2. The subscript m also denotes the component of

other cell.

Referring to (21) and the 1/Q noncoherent correl-
ator of Fig. 2, Y, and Yy of the k-th user in the home

cell are represented as

N

_—— e
Yi=Ne VEF ¥ &P RAP)cos ) + Zl 7 (22)
7=l n =

and .
€
e T N,

. - N,
Yo=Nu VEX Y af RAF)sin ¢} sin @} +:| Ry »
J=1 - n=

(23)

where RAPY={1H(/)|? cosQunf A}V df, A% is the
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timing error betweep/ll/w J-th path and code sequence
of the local PN co&e generator, and N, is the number
of PN chips for a Walsh symbol duration. From(22)
and (23), the @ariances of ¥, and Y, are given by N,,
1,/2. I, is the interference spectral density that is due
to background noise, multipath interference, mulltiple
access interference, and other cells interference. To
evaluate the interference on the reverse link, we
assume that the number of users is the same in all
cells and the users are uniformly distributed. Also, the
independent fading of all users in all cells is assumed.
Generally, the interference described above is treated
as the additive Gaussian noise. In this case, the inter-
ference spectral density /, for the s-th path of the k-th

user can be represented as

it
n=-
n#0 J#ER

L=No+EP{E[@f)?] ¥ R@T) + L El)’]

B Nu J . g9 5

Y. RT)+Y EYY El™?] ¥ R

n=-=r p=1 1=t n=-x
itk

Nu J . .
+R Y ES L El@))] L R(nT), (24)

where Ry is the ratio of other cells user interference to
home cell other user interference. Typical value for Ry
is 0.55 [11]. I, is also based on a implicit assumption
which the phase ¢ remains constant over the N,

chips accumulated.

B. Detection, False Alarm, and Miss Probabilities

To facilitate the derivation of the probability ex-
pressions, we shall adopt the following assumptions
{8]:1) all test statistics are independent, 2) there are
IH, cells in the uncertainty region, 3) all test cells are
a priori equally likely, 4) the output characteristics of
the [/Q noncoherent correlator are analyzed for the
fast fading model with Rayleigh-distributed envelope
stalistics.

The optimum decision method is the log-likelihood
ratio test, but we can use the suboptimum decision

method that compares the sample with a decision

threshold 6 under low E./I,. In this case, if the de-
cision variable 5 is the sum of the 1/Q noncoherent
correlator outputs Z;, /=1, 2, ..., L, which are mutu-
ally independent, 2y/Vy under hypothesis H, is chisquare
distributed with 2L degrees of freedom. Hence, the
probability density function of n is given by

] -
ez Tt eve (25)

f;y(n | Hu) =
where Vy=N,1lo.

Using Y; and Yy given by (22) and (23), the I/Q non-
coherent correlator output means Vg, i=1, 2, .., [

corresponding to Hy;, =1, 2, ..., I are represented by

Ve=NuyE L Elag] RO +Nuly, i=1,2, .., 1,
(26)

were a; is the path gain of the j-th path and A;; is the
timing error between the 7-th path and code sequence
of the local PN code generator corresponding to the
H,; cell. Using (26), the probability density function
of y under hypothesis H, is given by

-

fn('ﬂHu‘)=—— ,,L~|e7:’

1 .
(LW i=1,2,..,1

(27)

Using the probability density functions of (25) and
(27) above, we can derive the probabilities that are re-
quired in the search mode and the verification mode.
Since the detection probability Pp, corresponding to
the Hy; cell in the search mode is the probability that
the H); cell is larger than all (1 —1) cells and larger
than 6, the detection probabilities Pp,, =1, 2, ..., |

are represented as
Po= ) fnls) [ [ £el Hoydx |

IITIHva(ylHu)dyldn. i=1,2,...1  (28)

1#

Since there are 1H, cells within the uncertainty region,
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the detection probability Pj, of the search mode for

the double-dwell detection scheme can be written as

T T ( 1 )"
I ” - 13 /AN e
*on e — Vi W -n
Pp = —— — T, VN
T PR TR {l R —
n

1 _n 17—l ( Lr" )n

nfi-ev v ' ]dn. (29)

I=1 n=0 n!

f#1

Then, if the number of acquisition attempts for the
double-dwell detection scheme is T within a given ac-
cess channel preamble, referring to part C of section
II. the detection probability Pj. of the single-dwell

detection scheme is given by

- (=
Yy T-1 o7, R Y a4 D
P, =Y [ '1——~ l=¢rv ¥ —
D= e w-vE [1-4 oo
h
i - L"_,’ ( V, r
—eTh -
H[1-em 3 = oo

iy

The miss probability of the search mode is the pro-
bability that all samples are less than . Thus, the

miss probability Py, of the search mode is given by

- ( )
L i _!‘ -1 V’, )
PM._],I] [l—e“‘ ;.1 n! ]f
0
L (V\ 4 wen
[ l—ets ¥ ——— } (31)
et n!

The false alarm probability of the search mode is

given by

Pr=1~Pp —Py,. (32)

The verification mode was described in B of section
1. and the evaluation of its detection and false alarm
probabilities is represented as follows:The detection

probabilities Pp,. ¢=1. 2, .., I of the verification

390

mode that correspond to Hy;, =1, 2, ... I are given
by

N . .

Lk _ .
Pp,=Y (m) PR —PY ™™ i=1.2...1 (33)

me

where Py; is the probability that the sampe of H,;

exceeds 0. Hence, Pi,. 1=1, 2, ..., I are represented by

t
2o S
Py=eTn © e L d=L 2L (34)

The probability Py, that the false code-phase passes

the verification mode is also given by

-y (:l) Pr(1—P) (35)

where P, is the probability that the sample of the H,
cell exceeds 0. Using (25), P, is represented by

8]
P ( % )n
Py = e Z ——’:' . (36)

V. Numerical Results

In evaluating the performance of two detection
schemes, we consider the following parameters: the
period of a PN chip T¢=813.8ns, Walsh symbol dur-
ation Ty =20833us. number of 1/Q noncoherent
correlators N = 6, search step size A=1/2, total search
window length W = 148 PN chips(cell radius =20 km),
reset time R=1.25ms, £#=4 and n=1 for the verifi-
cation mode of the double-dwell detection scheme.
The average path powers Ela;]. =1, 2, ..., 6 of the
discrete multipath intensity profile considered in this
paper are given by 0.5562, 0.2493, 0.1118, 0.0501. 0.
0225, and 0.0101, respectively. The size of an access
channel message is also fixed as 3 frames(60 ms).

Fig. 4 shows the acquisition probability for the thre-
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Fig. 5. Maximum acquisition probability versus E,/I,.

shold setting at Es/lo=7dB, where Es is Nw Ec. The
double-dwell detection scheme shows the maximum
acquisition probability at §=3. But, the single-dwell
detection scheme shows the maximum acquisition
probability at #=0. In this figure, the double-dwell
detection scheme needs to choose a decision threshold
which shows the maximum acquisition probability,
while the single-dwell detection scheme does not need
to do it. In the double-dwell detection scheme, as the
sensilivity of the acquisition time to changes in 8 in-

creases, the choice of an optimum decision threshold

Delay = 160 ms
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012 A (1} : single-dweli{L=4)
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2
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o

b
SN, .-

’
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o
Q
JRL- S
//

8
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Fig. 6. Minimum mean acquisition time versus Es/l, for D

= 160ms,
05 . : . . . .
N
.
045 ' Delay = 1360 ms ]
0.4} N (1) : single-dwell(L=4)
N (2) single-dwell(L.=3)
035 \ ]
N . (3} : double-dwell{L=2 T=2}
03 ~ N N
N s \ (4) : double-dwell(L=1,T=3)

Minimum mean acquisition time in sec

Es/lo in dB

Fig. 7. Minimum mean acquisition time versus £/I, for D
=1360ms.

is very important,

Fig. 5 shows the maximum acquisition probabilities
of the double-dwell and single-dwell detection schemes
for various values of Eg/lo. When an access channel
preamble is similarly employed for two detection
schemes, the single-dwell detection scheme shows
larger acquisition probability than the double-dwell
detection scheme. The acquisition probabilities of the
single-dwell detection scheme of £ =3 and the double-
dwell detection scheme of L =2 and T=2 are almost
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the same. The results show that the method to in-
crease the acquisition probability increases L more
than 7 within a given access channel preamble.

Fig. 6 shows the minimum mean acquisition time
with respect to Es/lp in the case of D=160ms, while
Fig. 7 shows the minimum mean acquisition time with
respect to Es/ly in the case of D=1360ms. Considering
two figures, the sensilivity of the acquisition time with
respect to Eg/fp in two detection schemes is shown to
increase as D increases. Then, in view of the sensitivity
of the acquisition time to changes in D, the single-
dwell detection scheme shows a better performance.
This can be explained by the fact that sensitivity of
the acquisition time to changes in D is influenced by

the acquisition probabilities of two detection schemes.

V. Conclusion

This paper has considered the parallel acquisition
performance for the single-dwell detection scheme and
the double-dwell detection scheme in the cases of
multiple #; cells and multipath fading channel. The
mean acquisition time of two detection schemes has
been derived to consider multiple H, cells. The results
have demonstrated that the single-dwell detection
scheme does not need to choose an optimum decision
threshold. But, in order to minimize the acquisition
time, the double-dwell detection scheme must choose
an oplimum decision threshold. When the size of an
access channel preamble is similarly employed for two
detection schemes, the single-dwell detection scheme
shows both larger acquisition probability and smaller
sensitivity of acquisition time to changes in D than
double-dwell detection scheme. Two detection schemes
proposed show a better performance in case that the
acquisition probability is more than 0.95, then the
single-dwell detection scheme requires shorter size of
an access channel preamble than the double-dwell de-
tection scheme in order that the acquisition prob-

ability is more than 0.95.
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