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Abstract - We propose a scheme for rapid acquisi- 
tion of PN signals for direct-sequence spread spectrum 
(DS/SS) CDMA systems by estimating the phase of 
the incoming PN signal with the use of an auxiliary 
signal. The phase of the incoming P N  signal is esti- 
mated using the cross-correlation properties between 
the PN signal and the auxiliary signal. The estimated 
phase is used to initialize the phase of the local PN 
code generator. A conventional serial search scheme 
is used to detect phase alignment. The performance 
of the proposed acquisition scheme is analytically eval- 
uated in terms of the mean acquisition time. Results 
show that the proposed scheme can significantly reduce 
the acquisition time. 

I. INTRODUCTION 
The acquisition of PN sequence, that synchronizes the 
phase of the local PN sequence with that of the trans- 
mitter, is an important part of a DS/SS receiver [l]. 
There have been proposed several acquisition schemes 
that employ various kinds of alignment detection and 
search strategies in the literature [2]. Serial search 
schemes with fixed-dwell time are most widely used and 
their performance has been studied extensively [3] [4][5]. 

When a priori information on the phase of the in- 
coming PN code is not available, a serial search scheme 
needs to examine the entire uncertain region until 
phase alignment is detected. If information on the 
phase of the incoming P N  code is available, however, 
the acquisition time can significantly be reduced by 
starting the search from the most probable region and 
expanding to less probable region [6]. A closed-loop ac- 
quisition system has been proposed using an auxiliary 
signal, where the phase of the local P N  signal is re- 
cursively updated based on cross-correlation between 
the incoming signal and the auxiliary signal [7]. Re- 
cently, the auxiliary signal has been applied to obtain 
the phase estimate of the incoming I” signal [SI. In 
this paper, we propose a rapid acquisition scheme by 
employing the phase estimator proposed in [SI and an- 
alyze the acquisition performance in terms of the mean 
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Figure 1: Block diagram of the proposed acquisition 
system. 

acquisition time. 
In Section 11, we describe the proposed acquisition 

scheme employing the phase estimator. The perfor- 
mance of the proposed acquisition scheme is analyzed 
in terms of the mean acquisition time in Section 111. To 
verify the performance of the proposed scheme, simu- 
lation results are compared with the analytical results 
in Section IV. 

11. THE PROPOSED ACQUISITION 
SYSTEM 

Fig. 1 depicts the proposed acquisition scheme employ- 
ing the phase estimator proposed in [8] and phase align- 
ment searcher. The proposed scheme first estimates 
the phase of the incoming I” signal r ( t )  by using the 
phase estimator based on the observation from t = 0 
to t = tl .  When a phase estimate is obtained at t = t l ,  
the phase alignment searcher starts to search the true 
phase alignment using a conventional single-dwell se- 
rial search scheme where the initial phase of the local 
P N  code generator is set to the value obtained by the 
phase estimator. 

The Phase estimator 
Assuming no data modulation and coherent carrier de- 
modulation during the acquisition process, the base- 
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Figure 2: The cross-correlation function I?,,(?). 

band equivalent representation of an incoming PN sig- 
nal can be given by 

.(t) = J P c ( t  - T O )  + n(t)  (1) 

where P is the average signal power, 70 is the phase 
of the incoming P N  signal, n(t)  is zero mean additive 
white Gaussian noise with two-sided spectral density 
% and c( t )  is the P N  signal represented by 

Here c k  denotes the kth chip of a binary P N  sequence 
periodic with period N and PT, ( t )  is a unit-amplitude 
rectangular pulse having a duration of the chip time 
interval Tc. We assume that { c k }  is an m-sequence. 

The auxiliary signal a(t)  used in [7] is defined by 

and the cross-correlation between c( t )  and a(t)  is de- 
picted in Fig. 2. It can be seen that the cross- 
correlation between the incoming P N  signal and the 
auxiliary signal can provide information on the phase 
difference between the reference PN signal and the in- 
coming signal. 

A block diagram of the phase estimator proposed in 
[SI is depicted in Fig. 3. The incoming signal r ( t )  is 
correlated with the auxiliary signal a(t)  using J corre- 
lators in parallel for an interval of LNTc to yield aj’s, 
where L is am integer. By letting 

27rjM 
11 = aj cos - 

2TjM 
Q1 = aj sin - 

J - 1  

N 
j=O 

.I-1 

N ’  
j = O  

A u x i l i a r y  s ignal  

t = LNT, 

I L: l i  

Figure 3: A block diagram of the phase estimator. 

an approximate ML phase estimate ‘io of the incoming 
PN signal can be obtained by [8] 

where 

41 = t a n - l ( Q ~ / l i )  
s1 = { 0, if 4 > 0 

7r,  otherwise 

and m is an integer such that ?o E [0, NTc) .  

The Phase Alignment Searcher 
The phase alignment searcher of the proposed scheme 
can rapidly find out true phase alignment from the 
phase estimate obtained by the phase estimator. When 
the phase estimate ‘io is obtained at  time t = LNTc, 
it is first quantized with respect to the phase update 
step ATc to yield 70. The normalized phase update 
step A is usually set to a value of 1, f or a. Note that 
there are 2 phases to examine for each period of the 
PN signal. The quantized phase estimate 70 is used to 
initialize the local PN code generators. 

To achieve rapid acquisition, two serial search 
schemes are employed in parallel, each of which consists 
of a phase alignment detector and a P N  code genera- 
tor. The phase of each P N  code generator is updated in 
opposite direction to each other from the initial phase 
70. The alignment detector in the serial search scheme 
correlates r ( t )  with the local PN signal for a fixed in- 
terval of NO chips and makes a decision by comparing 
the correlator output with a threshold E .  

When a phase alignment is declared by one of the 
serial search schemes, the tracking circuitry starts fine 
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Figure 4: Flow graph diagram of the proposed acqui- 
sition scheme 

synchronization process. Otherwise, the phases of the 
serial search schemes are updated and phase alignment 
search continues. If a phase alignment is simultane- 
ously declared by both of the serial search schemes, 
the PN signals of two PN code generators are applied 
to the tracking circuitry one after another for verifica- 
tion. When all $ phases have been checked without a 
phase alignment detection, the phase alignment search 
is repeated with the phases of the two PN code gener- 
ators reset to the initial phase To until a correct phase 
alignment is found. 

111. PERFORMANCE ANALYSIS 
The acquisition of PN sequences is to set the phase 
of the local PN code phase FTc to that of the incom- 
ing PN code CTc within the lock range of the tracking 
circuitry. Assuming that the lock range of the track- 
ing circuitry is fTc,  acquisition is achieved in the case 
when the absolute phase offset is less than Tc, i.e., 
IS1 = I( - <I 5 1. The phase alignment detection 
problem can be modeled as testing a simple hypoth- 
esis against a simple alternative one. Let N1 be the 
hypothesis that 161 < 1 and Ho be the alternative hy- 
pothesis that IS1 > 1. When the phase of the local P N  
code generator is updated by ATc, there can exist up 
to 2 or (2 - 1) phases corresponding to hypothesis 
Hi  151. 

A 

To analyze the performance of the proposed acqui- 
sition scheme, we employ the flow graph diagram tech- 
nique used in [3]. Assuming that the phase difference 
between the initial phase of the local PN code genera- 
tor 'to and the closest Hl phase is xATc and there are 
U H1 phases, the flow graph diagram of the acquisition 
scheme can be depicted as in Fig. 4, where the align- 
ment search proceeds clockwise from node 1 and the 
kth node represents the two phases, 'to f (IC - l )ATc ,  
being checked by the two serial search schemes. A node 
marked by an open circle represents a HO node where 
none of the two phases is in hypothesis H I .  On the 
other hand, a node marked by a solid circle represents 
a HI node, in which one of the two phases is in hy- 
pothesis H I .  Note that nodes where both of the two 
phases are in hypothesis H I  can exist since there are 
more than one H I  phases. However, we neglect such 
cases since $ >> v in general. 

Let PF and TD(= NDTc) denote the false alarm 
probability and the dwell time of the phase alignment 
detector, respectively. In a HO node, there are three 
possible detection cases by the two alignment detec- 
tors: no false detection by the two alignment detec- 
tors with probability (1 - PF)', one false detection 
with probability 2&(1 -I+), two false detections with 
probability PF~. Assuming the penalty time due to a 
false detection is Kp times the dwell time, the time 
spent for the three cases are TD, (Kp + ~ ) T D  and 
(2Kp + 1)To, respectively. Thus, the branch gain out 
of a HO node can be written as 

The branch gain from the i th HI  node to the next H I  
or HO node corresponding to a miss detection, H ~ , i ( z ) ,  
can be obtained by considering the following two cases: 
a phase alignment detector testing HO hypothesis de- 
clares a false phase alignment or not, while the other 
detector misses H I  hypothesis. Since the time spent 
for the two cases are (1 + KP)TD and TD, respectively, 
H ~ , i ( z )  can be given by 

H ~ , i ( z )  = ( 1  - P D , ~ )  [(I - .&)ZTD P F Z ( ~ ~ + ~ ) ~ ~  1 
(6) 

where P D , ~  represents the true detection probability of 
the alignment detector in the i th H1 node. The branch 
gain from the ith H1 node to acquisition corresponding 
to true detection, H ~ , i ( z ) ,  can be obtained from the 
following three cases: detection without false alarm, 
detection before false alarm and detection after false 
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alarm. Thus, it follows that computer simulation. Note that when phase estimator 
is not used, E { X }  is equal to 2. 

Since it takes (1 + 2 K p p F ) T D  to pass a single Ho 
node and E { x )  is the average number of HO nodes 

1 
(1 - P F ) P  + f F ( Z T D  + d K P + l ) * D  )] 

(7) 
To simplify the expression, all the 271 nodes can 

be aggregated into one collective HI node which has 
branch gain H D ( z )  for true detection and H M ( z )  for 
miss detection given by [5] 

V 

N M ( Z )  = n H M , i ( z )  (8) 
i=l 

21 i-1 

H D ( Z )  = H D , i ( Z )  H M , j ( Z )  (9) 
i= 1 e 1  

The transfer function of the flow graph diagram in 
Fig. 4 can be obtained by 

~ A C Q , ~ ( Z )  = G(z)Ho"(z) (10) 

where G(z) represents the loop gain from the H I  node 
to the acquisition given by 

and U denotes the total number of nodes after the ag- 
gregatino of H~ nodes equal to -U + 1. Letting p ( x )  
be the probability that the node (x + 1) is the first H1 

node, the transfer function is given by 

U - 1  

I>ACQ(Z) = P A C Q , A Z M X )  (12) 
n=O 

and the mean alignment search time Ts can be ob- 
tained by 

Using the result that 

and G( l )  = l, it can be shown that 

where E { x }  = C,"zhxp(x). In order to analytically 
calculate E{n} ,  the pdf p ( x )  needs to  be expressed in 
a closed form. Due to the nonlinearity included in the 
estimation process, it is not easy to  obtain p ( x )  ana- 
lytically. Instead, we can empirically obtain p ( x )  by 

to  go over before reaching the first H1 node, it can 
be seen that the first term in (14) is the average time 
spent for reaching the first H I  node. This time can be 
reduced by the proposed phase estimator at the cost 
of the phase estimation time LNTc. The second term 
is the average time to  reach acquisition on the con- 
dition that the alignment search starts from the HI 
node, which depends only upon the parameters of the 
phase alignment searcher, not on those of the phase 
estimator. 

Including the time for phase estimation, the total 
mean acquisition time of the proposed system is given 
by 

As L increases, the phase estimator uses more periods 
of the received PN signal yielding more accurate phase 
estimate, which results in smaller E{x} .  The optimum 
value of L,  Lopt, can be determined so as to minimize 

IV. NUMERICAL RESULTS 
To verify the performance analysis in Section 111, we 
use m-sequences generated by the polynomial h(z)  = 
xl' + x7 + 1 and three correlation branches for phase 
estimation, i.e., J = 3. We evaluate acquisition per- 
formance when A = 1 and $, assuming that the chip 
timing is set to the worst condition. For the phase 
alignment detector, the dwell time TD is fixed to a 
value of 256Tc and the penalty time for a false phase 
alignment detection is set to 2 0 T ~  or 50T~). 

Fig. 5 and Fig. 6 show the mean acquisition time 
of the conventional acquisition scheme and the pro- 
posed acquisition scheme as a function of the threshold 
value when the chip signal-to-noise ratio is set to the 
value of -10dB and A = 1 or f ,  where solid lines and 
symbols represent the analytical results from (15) and 
the simulation results, respectively and the normalized 
threshold E' is equal to ~ / ( o T c ) .  It is assumed that 
the conventional scheme uses the same phase alignment 
searcher that employed in the proposed system. The 
mean acquisition time of the proposed scheme is ob- 
tained at L = Lopt. It can be seen that the simulation 
results agree well with the analytical results and the 
performance of the proposed scheme is less dependent 
upon the parameters of the phase alignment searcher, 
E' and A, than that of the conventional scheme. 

Note that the performance improvement over the 
conventional scheme becomes larger as E' decreases. 

Tacq = LNTc + Ts. (15) 

T a c q  
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V. CONCLUSION 
In this paper, we have proposed a rapid PN acquisi- 
tion scheme by employing a PN code phase estima- 
tor. The proposed scheme first estimates the phase 
of the incoming PN signal by the phase estimator pro- 
posed in [SI and then rapidly finds out true phase align- 
ment by starting the phase alignment search from this 
phase estimate. The mean acquisition time of the pro- 
posed scheme has been analyzed using the flow graph 
diagram method and compared to that of a conven- 
tional scheme. Numerical results show that the pro- 
posed scheme shows significant performance improve- 
ment over a conventional one. 
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