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ABSTRACT

In this paper, the performance of the double-dwell serial code acquisition technique is analyzed in the CDMA forward link in
frequency-selective Rayleigh fading channel.

A general expression for the mean acquisition time is derived by considering the multiple , cells and ‘returning’ false alarm
state. The detection and false alarm probabilities of the CDMA noncoherent demodulator are also derived analytically by taking
into account the correlation between successive demodulator outputs within the period of post-detection integration. Based on the
detection performance analysis and the expression for the mean acquisition time, the numerical performance evaluations of the
code acquisition technique shall be performed to address the problems of selecting the design parameters for pilot signal acquisi-
tion in the CDMA forward link, illustrating the effects of post-detection integration and signal fading on code acquisition perfor-

mance.
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[. Introduction

Recently, direct-sequence spread spectrum
(DS-SS) technique has attracted much atten-
tion for mobile communication application, so
called the code division multiple access
(CDMA) system, which has been shown to
have significant advantages over conventional
analog FM system or time division multiple
access (TDMA) system [1~3). However, like
other spread spectrum applications, the
advantages of the CDMA system can be
exploited only if the PN sequences of the
local PN generator and incoming signal are
synchronized within a fraction of one PN
chip. The code synchronization in spread
spectrum techniques consists of two steps,
code acquisition {(coarse alignment) and code
tracking (fine alignment), of which the for-
mer is dealt with in this paper.

The serial search technique with fixed dwell
time (4~7) is widely used for pilot signal
acquisition in the CDMA forward link due to
its advantage in implementation and high
acquisition performance. The serial search
technique can be divided into the single-dwell
and multiple(mostly double)-dwell techniques,
of which the latter is most popular. While
most of the code acquisition techniques
employ an active correlator for despreading
incoming signal, they can be also designed by
using the matched filter correlator (or passive
correlator) (4,8.9) for fast code acquisition.
Yet, since this technique requires a matched
filter with large time-bandwidth product
which makes a hardware complicated, it is
not widely accepted in real applications. A
further detailed classification can be found in
(10].

The performance of the double-dwell serial

code acquisition technique is analyzed in the

CDMA forward link in frequency-selective
Rayleigh fading channel by taking the mean
acquisition time as a performance measure.
So far, the performances of the code acquisi-
tion techniques have been discussed mostly
with the assumption that there is a single H,;
cell within the H; region. However, since in
practice, multiple cells belong to the H; region
in the case of i-hypothesis tests per PN
chip, the single H, cell approach shows the
mean acquisition time significantly longer
than as it would be. A general expression for
the mean acquisition time is therefore derived
by considering the multiple H; cells and
‘returning’ false alarm state.

Although the expression derived is applica-
ble to the general direct-sequence spread
spectrum system, our focus is mainly on its
application to the CDMA forward link (11].
The detection and false alarm probabilities of
the CDMA noncoherent demodulator are
derived analytically by taking into account
the correlation between successive demodula-
tor outputs within the period of post-detec-
tion integration. Based on the detection per-
formance derivation, numerical evaluations of
the code acquisition performance shall be
made to address the problems of selecting the
design parameters for pilot signal acquisition
in the CDMA forward link. The numerical
evaluations also illustrate the effects of post-
detection integration and signal fading on
code acquisition performance. This paper is
organized as follows. In section [, the dou-
ble-dwell serial code acquisition technique is
described with the analytical derivation of
the mean acquisition time. The detection per-
formance of the CDMA noncoherent QPSK
demodulator is derived in section I in fre-
quency-selective Rayleigh fading channel in
terrﬁs of the probabilities of detection and
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false alarm. In section V. the numerical per
formance evaluations of the code acquisition
technique are made for pilot signal acquisi
tion in the CDMA forward link. followed by

the conclusion in scetion Vv

[. A Double-Dwell Serial Code
Acquisition Technique

The block diagram of the double-dwell seri-

al code acquisition technique is described in

| Start

Figure 1. The technique employs two modes.
the secarch and verification modes. The deci-
ston rule in each mode is given by the well-
known hypothesis test based on Neyman-
Pearson criterion {10}, The time required for
cach test in the scarch mode is defined as the
first dwell time(r, ;). which should be set as
short as possible enough to rapidly reject the
H, hypotheses. Once the detector output in a
given test cell exceeds a pre-determined

threshold in the search mode, the test cell is

Parameter Setting
Nor Mo Ny N L

Reset PN Gen.

Slew PN Gen.

Search mode
test

N>Ng ?

Verification mode
test

>N, ?

by A

no

no

To code tracking loop

Returning false alarm

Figure 1. Block diagram of double-dwell serial code acquistion technique.
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accepted tentatively as the H, cell. and the
verification mode is activated to confirm
whether the tentative H, decision is true or
not. In order to provide a highly reliable
decision in the verification mode, it is neces-
sary not only to increase the period for coher-
ent accumulation but also to take the sum of
the successive correlator outputs as a decision
variable, which means that the second dwell-
time(rp,) is significantly longer than the first
dwell-time. If the H, decision is declared
again in the verification mode, the correpond-

ing code phase shall be accepted as the true

(1-P, M)z (1-Pp )z

(1-P, /2% (1-P, )2k

(1-P,)g

(-Ppz

e P}Vz;'

code phase of the incoming signal. Otherwise.
the system rejects the test cell and the nor-
mal search mode is resumed from the next
cell. In the catastrophic case where a H, cell
pass the verification mode, it is assumed that
the false alarm statg is recognized in the
tracking loop and the normal search mode is
recommenced with the penalty time. T,(K,r
p1) imposed, which is significantly large com-
pared to the first or second dwell time.

The double-dwell serial code acquisition
technique can be described by the circular
state diagram as shown in Figure 2.a, where

(1-P, "z

(1-Pc)z

(-P)e

Figure 2a. State diagram

Figure 2b. Redueced state diagram.
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the nodes on the outer and inner circles rep-
resent the test cells in the search and verifi-
cation modes, respectively, with the dotted
line denoting the returning false alarm state.
In general, multiple cells (p-cells) belong to
the H, region in frequency-selective fading
channel. depending on the search step size.
In the figure, Pp,” and Pp,” denote the prob-
abilities that the i-th H, cell, i =1, 2, ..., p.
will be accepted in the search and verification
modes, respectively. Pp, and Pp, represent the
false alarm probabilities in the search and
verification modes, respectively. The state
diagram in Figure 2.a can be reduced to
Figure 2.b by flow graph reduction method.
where Hy(z), Hp(z), and Hy(z) are given by

HO(Z)z(l—PI-‘r)Z+I)' (I-PI-]'):K'H

> K, %A nal
+Pf\lh*

J-
Hp(2)= ZP,Sﬁ’P"’ Ko+ I’I[(I-P})’;’)z
J=1 t=1

0 (Y
N (SRR

HM(Z)=I£[[(I~P,()ﬁ))z+[’,(){’(|_p‘“) K_H]'
=1 _

(1)

From Mason’s formula, the transfer func-
tion from a starting node which is i-branches
counter-clockwise from the final destination

node is

Hy'(2)H (2) @)

U, (2)= r—,
1= H y (D)H ™ (2)

with v denoting the total number of test
cells. Since all nodes are equally likely
assuming that the starting node is outside the
H, region, the total transfer function aver-

aged over all v—p starting nodes is

: H ()
U(z)= 2 Y H(z
@) v—pl—H, ()" ()~ i
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xR ®)
where [U(z) has the form of moment generat-
ing function with C;j=0,1,.. .. ®©  represent-
ing the probability that the acquisition time
will be jxtp,. Therefore. the mean acquisi-

tion time is given by

Ele’]=—-—z[:

=T Py (4)

where ‘_Ig_gi).‘

z=1 =
(v -p), {1+, o} 2{H,m+ 1,0} )
2{i-H,, 1}

with

Hy(h= H( (J)P[()':))
Hy ()= Z[ P+ (14 &, e (1- PP ]['1
_ I’,(,'\>I’,‘,'\) )

o= £ TT(- 52 )

J-
Hy=(1+k, )EP“)P“)H(FPfffﬂ%?)

=
J-1
+ZP1()1)P1()JV) 2{( P/S?)*(l +K, )Pl

J-1

(1- P,‘:’)}H( PP ®)

Hy(1)=1
H'y(1)=1+K,Pp+ K,Pp,Ppy,.

. Detection and False Alarm
Probabilities

A. Signal Modelling : The statistics of the
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noncoherent QPSK demodulator output for
synchronous CDMA system is discussed in the
Appendix in frequency-selective Rayleigh fad-
ing channel, over which g-multipath signals
are assumed to arrive at receiver with differ-
ent time delays. Under H, hypothesis, where
the timining errors between the local PN gen-
erator and the received signals are less than
one PN chip, the I/Q channel outputs are

written again
4
Y, =N JE,, 2o, R, )coso, +ny
k=1
4
Yp=NJE., EakR(tk)sintpk+nQ_N. @

While the variances of the 1/Q channel
noises are functions of a, and 7, in the CDMA
forward link, we may ignore their dependency
and assume that I/Q channel noises are
Gaussian, independent of each other since our
analysis focuses on the worst case where the
mobile locates near the cell boundary. In
addition, it is also assumed that the random-
ness of &, affects only the signal component
with Rayleigh fading characteristics. These
assumptions seem reasonable near the cell
boundary where many noise components with
indep.endent fading characteristics contribute
to the I/Q stationary noise components with
variances I,/2. In this case, considering the

randomness of a,, the mean of Z is given by

ElZ]= E[v? + v}

q
=N2E, , 2 Ela]R (v, )+ NI,
k=1

=Vg+Vy (8)
=V,

with

q
L=N,+1 +1, §a3{1~ R2(x, )}

= I, t)

In the above equation, N, I., and I are
the noise spectral densities due to the back-
ground noise, the interferences from other
cells and the desired cell, respectively, in
case where the signals are out of synchroniza-
tion with the sequence of the local PN gener-
ator. Under H; hypothesis, the noise variance
is given by

I0=N0+ Ioc+ Idc- (10)

B. Detection Performance in the Search Mode
. Since the H; cells should be rejected as
rapidly as possible in the search mode, the
post-detection integration for improving the
detection performance is not necessary.
Although the optimal decision rule for the
noncoherent detector based on Neyman-
Pearson criterion is the log-likelihood ratio
test (12), the sub-optimal decision rule which
takes the detector output energy as a decision
variable is widely accepted due to its conve-
nience in implementation. The decision rule

in this case is given by
P = Zy > 750, (11)

where the subscript ‘s’ has been used to
denote the search mode processing and 7, is a
decision threshold in the search mode. For
rapid rejection of H, cells, it may be desirable
to take the accumulation period as short as
possible, corresponding to the period of Walsh
sequence. Under H, hypothesis, since 7, has
the mean of Vy~=N,l;. with Ns denoting the
number of accumulated PN chips in the
search mode, the random variable 27,/ Vy, has
a A distribution with 2 degrees of freedom.
The probability density function (pdf) of 7, is
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therefore given by

1
fnv(n;|H0):7‘exP(“n.\-/Vm)v (12)

Ns

and the probability of false alarm in the

search mode is

Pe=I7 fo, 00 [Ho) an,

= e"P(—“ ofYns ) 13

Under H; hypothesis, the mean of Z; is
given by

4
rlz )=z, Y elalaele, )

Thus, the pdf of 7, is

1
S, JH)=—exp(-n, v, ), 9
Fx
and the detection probability in the search

mode is

Po =17 g ) an,
=exp(=1,0/V}, ) 8)

C. Detection Performance in the Verification
Mode : In order to provide a highly reliable
decision in the verification mode, it may be
necessary not only to increase the period for
coherent accumulation but also to take the
sum of the successive correlator outputs as a
decision variable. The decision rule in the

verification mode is therefore given by
1

nv = 2Zv.l >N v <17)
1=t

where 7,4 is a decision threshold in the verifi-
cation mode. The subscript v’ denotes the

verification mode processing. L is the number

1512

of post-detection integration for improving
the detection performance and Z,;, 1.2, ...,
L. are the correlator outputs accumulated
over the period of N,(mN,) PN chips with m
an integer. Under H, hypothesis, since the
mean of Z,; is Vy,. the pdf of 7, is

1~

Y exp(-N, [V (18
(L-—l)'V,f,\ cxp( ‘1\/ N\)

fo (0 ]1,)=
and the probability of false alarm in the ver-

ification mode is given by

PFV :j'::o fq' (ntl}’()){m\

-1 k

= exp(-n ol Vi )E)wl_ (19

We now derive the probability of detection
in the verification mode by taking into
account the correlation between successive
demodulator outputs Z, ;. I=1, 2, .... L.
Define a complex random vector X whose ele-
ments consist of [/Q channel outputs, each
corresponding to the real and imaginary parts
of the complex random variable x;,, =1, 2.

.... L, respectively. That is,
x=[x;. x5, x,)", (20 .

where superscript ‘T denotes the transpose
operator. Then, the covariance matrix of x

can be represented as

R.=Elxx")
=R+t Vuol. @D

where R, is the signal covariance matrix. The

decision variable can be rewritten as
7,2X"x. @

where the random variable 7, has a quadratic

form of the Gaussian random vector Xx.

-1/2

Define a random vector y=R,“x, then
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E[yf-l]=Rx~l/2E[xxH]val/2
=1, @3

where I, denotes the LXL identity matrix
and y is a zero mean complex Gaussian ran-
dom vector whose covariance matrix is an
identity matrix. Thus, the decision variable

is equivalently expressed as follow,
75y R.y

L
2
=E)‘ii(’)ll ' (24)

where o=uy, =1, 2, L, are Gaussian
random variables with the same unit vari-
ance, independent of each other. 4 and u, are
the I-th eigenvalue and eigenvector of R,.
respectively. Since R, is positive definite. the
eigenvalues are always positive. The pdf of 3,
may be easily derived by using the character-

istic function of 7,, which is given by
L (t)=E[Ie"'”]
- -1
=g(l—jl7\1) ) 2
In a general case of repeated eigenvalues

where A1>A2. PN "k>’lk+1=Ak.z=, ey =AL.>— VNv- the

characteristic function can be expressed as

k b, 2 b
_ I
(D(’)—gll—jl,t+1=§I(l—j&+,l)l_k' e
where
(IR A
— L TT(A-%) . fori=1,2, .. k
(=) 2
b, =1

I-L
-J L-1) ~
%))T—-Z((L—l) {(l‘f?‘m’)l k¢(t) |

r=—

lxnl
fori=k+1,k+2, .., L @n

Thus. the pdf of 7, is given by

k
fo.(n]H)= E%exp(—m/&ﬁ

L -
b it

2 oy )

8

Finally, the detection probability is

Ppy =J:m fn, (ﬂV|H1 )’mv
L

k
= El,b, exp(-1,0/X )+exp(—n o/ Mst) z{)l

I=k+

1-k )IAkom

2 (7\ o/ M

el =k —m)

V. Numerical Results and Discussions

In this section, the performance of the code
acquisition technique described in section T is
evaluated numerically, focusing on pilot sig-
nal acquisition in the CDMA forward link.
The period of the I/Q PN sequences used for
numerical evaluations is 2 PN chips, where
the PN chip rate is given by 1.2288 MHz.
The search step size 4 is set to 1/2 T.. The
numbers of the PN chips for coherent accu-
mulation in the search and verification modes
are taken to be 64 and 256, respectively. that
is, Ny~64 and N,=256, assuming that the peri-
od of the Walsh sequence used for isolating
the forward channels is 64 PN chips. The
selection of N,=256 may be reasonable for
coherent accumulation in the verification
mode considering the fading rate in real
mobile communication environments. The
tapped-delay line model shall be used for
characterizing the frequency-selective
Rayleigh fading channel, over which three
signals are assumed to arrive at intervals of 1
PN chip. The energy of each signal is taken
to be 0.57, 0.29, and 0.14 times the total
pilot signal energy, respectively, which may
be a typical example of the fading channel in
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urban area. In this case, the number of H,
cells is 7. The Clarke's one dimensional model
shall be also used for modelling the autocor-
relation function of the faded signal. which

can be expressed as
ry(ty=J,(2rnf, 1}, @30

where J,(-) is the zero-order Bessel function
of the first kind and f,=v/* is the maximum
Doppler spread with v and A denoting the
speed of mobile and the signal wavelength,
respectively.

In usual, 20 % of the total transmit power
of the CDMA cell site is devoted to the pilot
signal (3]}, Thus, unless specified otherwise,
we take the pilot signal-to-noise ratio per PN
chip (SNR,) to be -11 dB. with the assump-
tion that the interference from adjacent cells
is around twice of that from the desired cell.
In this case., the signal-to-noise ratios for
each path are -13.4, -16.4, and -19.5 dB,
respectively at r=0. All numerical examples

are given for the worst case where the mini-

fg 104

i <

5 QR

2 7] \\\\\\\\

- SR
U RIS
i i}\\\\‘\\‘\‘&w\“’

Figure 3. Mean acquisition time as a function of decis-
tion thresholds in the search and verification
modes (SNR=11 dB, [~2. NgF64. N,7256, f,=50
Hz. and K,=500).

1514

mum timing error is 4/2. Note that the sig-
nal energy in the detector output is propor-
tional to RYr). For the pulse shaping filter
specified on IS-95, R{(r) may approximate to

the sinc function

sin(nt /T,.)
nt/T,

«

R(t)= (3D

Figure 3 shows the mean acquisition time
for K, = 500, L = 2, and f,= 50 Hz. It is
observed in the figure that the optimal deci-
sion thresholds normalized to noise variances
in the search and the verification modes,
respectively. are 3.0 and 8.7 for given condi-
tions, and the corresponding mean acquisition
time is 4.64 seconds. It is also observed that
setting the decision thresholds significantly
smaller or larger than optimal values in both
modes greatly increases the mean acquisition
time. Figures 4 and 5 illustrate the effect of
post-detection integration on code acquisition
performance for K, = 500 and f,= 50 Hz. The
figures are X/Y sections of the three-dimen-

1 2 4 5 6 7
Threshold normakzud Lo Noise vdrance in the search mode(Msiv)

Figure 4. Mean acquisition time as a function of decis-
tion thresholds in the search mode (SNE=-11 dB,
Ny64. N~256. f,=50 Hz, and K,=500).
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sional performance figures at the point of
mininum mean acquisition time. It may be
observed in the figures that while the mini-
mum mean acquisition time does not depend
significantly on the number of post-detection
integration, L=2 or L=3 is optimal in terms of
both the minimum mean acquisition time and
the performance sensitivity to decision
thresholds. Figure 6 illustrates the effect of
signal fading on the acquisition performance
for K, = 500 and L=2. It is seen in the figure
that as the maximum Doppler spread increas-
es, the mean acquisition time decreases,
which is simply due to the fact that the time
diversity between successive demodulator out-
puts constituting the decision variable in the
verification mode can be provided efficiently
for higher Doppler spread. However, since the
maximum Doppler spread due to the mobility
of the subscriber is typically less than 200 Hz
in real mobile communication environments,
it may be said that signal fading does not
affect the code acquisition performance seri-

ously. Figure 7 illustrates the effect of delay

2 L] 6 8 10 12 14 ib
Thweshold normalized to nNoise vanance in the ventication mode({Nvio)

Figure 5. Mean acquisition time as a function of decis-
tion thresholds in the verification mode (SNR=-
11 dB, Ny=64. N,=256, f,=50 Hz, and K,=500).

spread on code acquisition performance. In
the figure, 'FN' and ‘FS denote the fre-
quency-nonselective and frequency-selective
cases, respectively. It is shown in the figure
that the frequency-nonselective case provides
slightly better performance than frequency-

selective case.

V. Conclusion

In this paper, we have analyzed the perfor-
mance of the double-dwell serial code acquisi-
tion technique for pilot signal acquisition in
the CDMA forward link in frequency-selective
Rayleigh fading channel. A general expres-
sion for the mean acquisition time has been
derived by considering the multiple H, cells
and returning false alarm. The detection and
false alarm probabilities have been also
derived analytically by taking into account
the correlation between successive demodula-
tor outputs within the period of post-detec-
tion integration. Based on the detection per-
formance derived and the expression for the

4 s ] 7 8 8 10 n 12 13 14
Threshold normalized 10 NO1se vliance H) the verhcahun modu(Nvia)

Figure 6. Effect of signal fading on mean acquistion
time (SNR=-11 dB. L~2. N#64, N,256, and
K,=500).
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mean acquisition time, the code acquisition
performance has been evaluated numerically
for pilot signal acquisition in the CDMA for-
ward link.

It has been observed from numerical evalu-
ations that while the minimum mean acquisi-
tion time does not depend significantly on
post-detection integration, L=2 or 3 provides
best performance in terms of both the mean
acquisition time and the performance sensi-
tivity to decision thresholds. The example for
evaluating the effect of signal fading illus-
trates that the fading rate hardly affect the

8
75
7+
] ,/
E&s» e
had e
g st FS ///
§ >
ss /
:§ .
FN
5 C
\—_’ - o
ast o
. . . . . .
s [ 7 8 9 10 v 12 1s 14

Threshold normah Lud o noIse vanance in the veoticabion mode{taio)

Figure 7. Effect of delay spread on mean acquistion time
(SNR=-11 dB. 172, Ng64, N,=256, f,=50Hz, and
K,=500).

cos2nfi

i) ——

R

sin2nf ¢t

S 4D ] i)

code acquisition performance in real mobile
communication environments, which is due
mainly to the fact that the time diversity
between successive demodulator outputs con-
stituting the decision variable in the verifica-
tion mode is not provided efficiently within a

practical range of fading rate.

Appendix. Statistics of Noncoherent
QPSK Demodulator Qutput
in Synchronous CDMA System

We herein discuss the statistics of nonco-
herent QPSK demodulator output in synchro-
nous CDMA system such as CDMA forward
link in frequency-selective Rayleigh fading
channel. A balanced QPSK demodulator for
pilot signal acquisition/demodulation is
depicted in Figure 8. To begin with, we first
consider the single cell case and then extend
the results for a multi-cell case. The tapped-
delay line model shall be used for characteriz-
ing the fading channel, over which g-signals
are assumed to arrive at mobile with differ-
ent time delays.

The transmitted signal from the base sta-

tion can be written as

NI
s(t):l: ’Ec‘p Za,_mh(t -mT, )+ ZI\[ E:.J)
m j=

Figure 8. Simplified CDMA noncoherent QPSK demodulator.
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m

Y Pwia, e -mT, )}ownf I

m

N, _
¢|:,/Ec' o 2ag kit —mT,)+ Ly EY
m j=l

zxf,{)w,:,j)ag.mh(' —mT, )Jsin( nf 1),

m

(32)

where E.” represents the traffic signal energy
per PN chip for the j-th user and E. , denotes
the pilot signal energy per PN chip. N,. T.
and h(t) are the number of users, the PN
chip duration, and the impulse response of
the pulse shaping filter. respectively. x,” is
the information sequence which is constant
within the period of Walsh sequence and W,”
is the Walsh sequence for isolating the chan-
nels. a;,, and ag, denote the I/Q PN
sequences. Ignoring the signal attenuation
due to the propagation loss, the received sig-

nal at mobile can be written as

9 N,
r(t)= Eak[‘/li&p %a,'mh(l—m'f(. +1,)+ %,[Ef.”

m

zx(”W:,’)a,vmh(l -mT. +71, )}cns( nfr+@,)

+z“k[J . ,,ZaQ,,,h(l—mT +7,)

k=1

+ z ’ (;) Z tf,,”W,E,”“Q,mh(l -mT, +1,; )}

"
Sin(2rf 1+ 9,)

+ ny(r)cos(2nf t) = ny(1)sin(2nf 1), (33)

where n;(t) and ng(t) represent the narrow-
band Gaussian noise processes due to the
background noise(or receiver thermal noise)
each having a single-sided noise spectral den-

sity N,. 7, and e, represent the relative time

delay and the signal envelope. The 1/Q chan-
nel outputs of the matched filter are

q
1 . |
u,(t)—;% [ ,EL._,, %{cos(pk A, +sing, aQ',"}

R(r—mT_+1, )]
q N,
1 [eDS G j
+5kz;ak Zl Ecj mej){coscpkwlf,j)a,'m
= J= m
+sm(p‘W,L m}l\’(t—m'l +T, );]
1,
+—2-n,(t)
(34)
and

1
ug(r)= 3 I‘Zla,,[,lsc_,, %{—sin ©a;,, +cos(pkao‘m}

R(t—mT +7, ):l

f (J) [¥))
+—= 2(1 Z E me {COS(pk m (‘Q.m

k=l j=i

~sing, W, u,'m}l\’(l—m'll +IA)}

1,
—EnQ(')’
(35)
with R(t)=h(t)*h(-t)=f | H(f)|* cos2rft df.
Sampling the outputs and then multiplying

the 1/Q PN sequences for the j-th path, we

obtain

yi n=U1(I]T)31n+ uQ(nT)aQ,,

___Zu ( L+ ,E(;) (/)WU)
2k o k " Z m

(al'ma,'” +aQ.,,,aQ_") I\’(n'l;. -mT . +71, )cos (V]
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q

1 [

52;‘ F*‘Z IZU) (/)W’Ell)

(uo_ma,Jl —a,‘muQ_") R(n'l" —ml +71, )sincpk

+l{n'(nT)a - ( T) }
9 I ¢/ " hp\ni, Aom |
(36)

and

.VQ,nzuI(nT )3Q n+ UQ(HT )aQ,,

q9
Z ‘/'——_'_z ,b“) (})H,Ifl/)

1
24
(uQ‘,”uQ‘,l +u,vmu,'") R(u'l'( -mf, +1; )sincpk

1 q N,

(

+> oy 2| fE, + ZVES KW,

2k=l m j=1

(a,‘maQ‘" —aQ‘ma,‘") R(nT‘, —ml +1,; )cos ()Y

hr. .
+5{n, (nTc )aQ'" +nQ(nTl. )a,‘" }
Given x,”. e, and ¢, for 1. 2, ..., N,

and k=1, 2.
of the 1/Q channel outputs are derived as fol-

. q. the means and variances

low with the assumption that the local PN
generator is perfectly synchronized with the
signal in the i-th path, that is, 7,70,

MZ

Ely )= | JE. + ZVED s kOycosy,

,/b”’ W IR0)sing,

~
iR

MZ

~

var(y; )=’ ;+ & yp 1+ = 1,/2 (38)
var(yQ n) Q+a MP, Q+‘7 NQT 11/2
1518

where ¢, ¢'yp; and ¢’y represent the spec-
tral densities of the inter-chip interference,
multi-path interference, and the background
noise in the I-channel, respectively. With the
simple mathematical manipulations, we may

obtain

N o0
l ~
0’12,1 = EG,Z[EC',, + inj)} Z[R(IHT‘_)]:)
J=1

re=—on

()

1
GMPI"E[E +ZE(”lZak Y[RmT, 1)

#1 Ng=-~oo
l u Gy ¢
o —] 7
=3 E‘.'p+ZEL. Zaf
= i

1 -
Shi=yNol e e

!
~N,,
) 0

(39)

with the pulse shaping filter normalized, that
is,
RO)=["|H(f Y ar =1. (40)

Similarly. we obtain

s —o0

ml)

+ZE”)12[R(:::T )|?

on~—2—a {

O hro ~—1-[E +Zb(’)l§;a2

J=l #i

2 I
ON,Q =5N0. (41

Therefore. y;, and yq, can be modelled as
Nu
" [ ) Chw )
yl.n =q, \/ E‘(’.p +§ E:' Xy u/u COS @, +”I.n
an—(’”l: {“'_+Z [ (1) (})W,(”}inq),+nu,,,

(42)

where n;, and ng, are the samples of the

lowpass-filtered noise processes with variance

www.dbpia.co.kr
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I/2. 1t should be noted that the I/Q noise
variances are the function of a,, k=1, 2, ...,
g and r;. After coherent accumulation over
the period of N-PN chips, where N is an
integer multiple of the period of the Walsh
sequence, the deterministic terms in the
bracket resulting from N, users are all can-
celled due to the orthogonality property of
the Walsh function. In this case, ¥, and Yy

have means and variances,

n=l

N
Yo = Zyg_n}‘—'(x‘-N [E. , sing,

N
Y, = ZYI.n]zaiN\/ El',[) cosQ;

n=l

var(Y)=var (Yo)=NI,/2. (43)

Therefore, Y; and Y, can be represented as,

Y, =(1,NJE”, Cos@; +n;
YgzuiNJEw, sin(p‘+nQ'N. (44)

The above equation has been derived with
the assumption that the sequence of the local
PN generator has been synchronized perfectly
with the signal in the i-th path and out of
synchronization with the signals in the k-th
path (k#ifor a single cell case. In the more
general case where there is a timing error 7,
between the local PN generator and the sig-
nal in the k-th path. the I/Q channel outputs
due to the g-multipath signals are

q
Y, =N,,Ec‘p Z;akR(tk)coscpk +ny N

94
Yo=NJE., gakR(ﬂrk)sinw”nQW, (45)
with
R(r)=0, for|r | >T. (46)

In this case, I} is given by
9

L=N,+1,.+1, Zaf{l—RZ(t,‘ )} (47
k=1

where I, and I, represent the interference
spectral densities resulting from other cells
and the desired cell, respectively, when the
local PN generator is out of synchronization
with all of the input signals. In this case, I4
is given by

N, )
l=E,+2E". (48)
Jj=1
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