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Abstract — Acquisition of the code timing in a
direct-sequence code-division multiple-access system
with antenna arrays must take place before signal
detection and decoding is possible. Code acquisi-
tion under severe multiple access interference con-
ditions with time varying codes makes the task even
more difficult and has been shown to limit the ca-
pacity of the system. This paper details a powerful
code acquisition technique for the uplink of direct-
sequence code-division multiple-access systems un-
der high loaded situations, where the number of
users is greater than the addition of the spreading
factor and the number of antenna elements. The
method discussed utilises soft data from the multi-
user detector to reduce the interference received
by the acquisition unit. Numerical performance in
terms of the probability of missed detection and the
probability of false alarm is shown.

|. INTRODUCTION

The introduction of cellular wireless systems in the

the receiver.

Efficient timing acquisition in DS-CDMA systems
with antenna arrays is necessary to maximise the capac-
ity of a receiver that utilises an antenna array. A tech-
nique for single user acquisition was first proposed in
[6], a multi-user approach utilising a subspace technique
was proposed in [7], however, the authors used a system
where the number of users was only equal to the pro-
cessing gain. The effective processing gain is actually
the product of the number of antenna elements with the
processing gain of the spreading code. In [8] the authors
studied 2-D code acquisition, however they treated the
intefering users as noise. As we will show the perfor-
mance of a system that performs a 2-D acquisition as
well as interference cancellation can significantly out-
perform a system that treats multiple access interference
(MAI) as noise. In [9] a 2-D code acquisition approach
based on antenna arrays and least mean square (LMS) is
presented.

In this paper we show acquisition under loadings
much higher than the product of the number antenna

1980s has resulted in a huge demand for personal com€€éments with the processing gain, therefore removing

munication services.

This demand has increased thdh€ capacity limitations caused by code acquisition. The

need for efficient systems, which has been partially sat-1€chnique described has been patented under [10].

isfied by the introduction of second generation digital ~ The paper is organised as follows. In Section Il we
systems, where some are based on direct-sequence coddiscuss the system model. Section Il describes the data
division multiple-access (DS-CDMA). New third gener- directed acquisition approach. An analytical study is de-
ation systems, almost all based on DS-CDMA, are now tailed in Sectior?? before analytical and simulation re-
being deployed and will require even more efficient util- sults are presented in Section IV. Finally conclusions
isation of the spectrum if the high bandwidth features are drawn in Section V.

are to become a reality.

In the Uplink of a DS/CDMA cellular communication
system it is well known that the limiting factor on perfor-
mance is due to interference from other users, i.e. Multi-
ple Access Interference (MAI). To mitigate this effect a
Iargg body of research.w’ork has been performed to f.mdtion of the lengthN spreading codes, ; € {(41 +
receiver methods of minimising the MAI, called multi- " N ) i ’ " o
user detection (MUD) [1]. The most powerful technique §)/VN}Y, wheret IS the time index and is a Ch.'p n-
to date is based on lterative multi-user detection [2, 3]. dex and the underline represents vector notat!on. Note
Although these receiver technigues bring large improve-tha_t our model uses random complex spreadlng codes
ments, further gains are sought. Antenna arrays can béNh'C_h are sel_ected only once fgr the user of mFerest bur
included in the iterative MUD scheme and performance are time varying for the.mterferlng users.. In this model
has been shown, for example, in [4]. System perfor- we assume no gnodulanon or data encoding for the user
mance in terms of capacity and cell size improvements ©f interest (ied”) = +1), as would be the case for the
was shown in [5]. This paper focuses on acquisition of Preamble of 3GPP [11].
multi-user DS/ICDMA where an antenna array is used by  The transmitted baseband signal for all users at time

Il. SYSTEM MODEL

We shall employ a model where we assume fkiat1
users each transmit symboﬁk) via QPSK modula-



t and chip intervak is then provided for integration, the acquisition performance is
o limited due to the interference. Acquisition performance

B k) (k) . (1) suffers from noise and interference from other users. In

Ter =) seidi + ey @D the uplink of a mobile cellular system the base-station

h=2 receiver is assumed to use a high performance multi-

The channel adds zero mean complex white Gaussiaruser receiver. This receiver contains information about
noise (AWGN) with variancer? = Ny /2, whereNj is the signals from the users that are currently being de-
the single sided noise power spectral density. The chantected. These signals cause the MAI in the acquisition

nel output is therefore unit which is looking for new users (users not currently
known to the receiver).
K (k) (k) . (1) Initially the base station is turned on and no terminals
= Seady + 8.0 +n ; :
Yert Z ot Ot ot b are connected, over time callers connect and disconnect.
k=2 ) The receiver detects the data for all users connected. The
= e+ s£2 + Nt (2) iterative MUD techniques [3, 4] know a very good esti-

_ ) o mate of the baseband spread signal that it received at its
where the noise termn., is normal distributed  jnpyt. If the receiver cancels the input baseband signal
N(0,07). The first line shows the user of interest sep- ggainst the receiver estimate for every connected user
arate from thef{ interfering users while the secqnd .Iine then what is left is system noise, noise from incorrect
shows the MAI agj.,. Without loss of generalisation  estimation of signals, and signals from unknown users,
synchronous chip and symbol timing is assumed, there-gr ynknown paths of currently tracked users. If the sig-
fore square chip pulses are used. As random code MAlp5| estimates from the currently tracked users is “good”
is generated the same result would be expected for &hen the remaining cancelled signal can be processed by
symbol asynchronous system. We assume perfect cary conventional correlator to find new users or new paths
rier synchronisation and that there is no frequency un- 4¢ currently tracked users. The definition of a “good”
certainty. The results, however, are easily extendablesigna| from the receiver is subjective, however, the re-
to systems that assume frequency offsets. The systengejved signal must be of a high enough signal to noise
model also assumes no multi-path. The system assumegytio after interference cancellation such that the frame
no time variation during acquisition, such as time drift orror rate conditions (QoS conditions) are met. If this

or change in channel conditions. . . was not the case this user would be dropped by the re-
The signal received by aki element Uniform Linear  cejyer as part of the Radio Resource Controller (RRC).
Array (ULA) can be described as We now show the formulation of the technique. We
K41 assume the received spread signal, now consists of
Yot = Z s}’?tdi’“) + Sz(}c)t + Npey both signals that are being tracked by the receivar
—2 w and one new signafjt). The decision directed approach

hen com
= gl,c,t—FSl(’lc)’t—l—nl,cyt A3) then computes

. . = — g 5

where! is the element number and is a value between Ye,t Yot =™ Jey ®)

1 andL. Using vector notation to represent the antennawhereg . is the sum of an estimate of the spread signal
=c,

array we have sent by useré = 2 — K. The iterative multi-user de-

K+1 tection technique discussed in [4, 5] is well suited to this
Yer = Z d’f)sﬁ’f‘ﬁdﬁ‘) + §<1)8((:}1t) + ey decision direpted approach as the receiver has available
2 the spread signal estimates as they are needed for the
) (1) (1) 4 receiver implementation. The added complexity of the
€7 et T & 5ey T Bt @) implementation is therefore very low. Figure 1 shows
wheree — [1,e*ﬂcos(9(k)>,...7e*j(L*1)COS(‘9“’)>]T is the implementation. Essentially the idea is that soft

information from the multi-user receiver (which is the
receiver’'s best guess at the input signals) is subtracted

HIGH MULTIPLE ACCESSINTERFERENCE then the remaining signal only contains noise and sig-
nals from new users or paths which are trying to connect

In conditions where the number of usef§)(is larger to this base station receiver. A beamformer followed by
than the processing gaifV( traditional code acquisition  a correlator can then be used to acquire these signals. It
techniques based on correlation techniques fail. This isis clear that the performance of this system relies heav-
because the integration time required to detect a path idly on the performance of the receiver. This paper says
typically longer than the time that the channel is sta- nothing about the architecture of the beamformer and ac-
tionary. The acquisition performance is also interfer- quisition unit unit only that it follows the cancellation of
ence limited so that regardless of the amount of time the input signal against the receiver estimate of the input

the steering vector and. ; is a vector ofL noise terms.
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signal.

In Figure 2 we show the performance of the full in-
terference, no interference (single user) and partial can-
cellation cases. We compare the performance for a sin-
gle antenna (solid line) to the results (points) for a ULA
with 5 elements. As can be seen the performance of the
New Path/User Information partial cancellation scheme is substantially better than
that of the full loaded system. For example, fixing a
P, = 1072 the single user (no interferenck),; ~ 0.1
while the partial cancellation result 8,,; ~ 0.49. In
comparison to the fully loaded system whétg, = 1,

ie. 100% of detections would be missed. As explained
Fig. 1: Decision Directed Acquisition Unit, earlier, the scenario where? = 0.04 represents a re-

alistic cancellation noise factor from the MUD receiver
based on &, = 10~ 2.

lterative Multiuser
Detector(IMUD)

Output Data

Beamformer
& Correlator
cmcim.

Figure 1 also highlights the need for a delay between
the input signal and the cancellation process. This is w |
because the IMUD requires a certain amount of time to
determine its estimate of the received signal.

Before correlation can be performed beamforming
needs to be performed, this is performed by multiplying
by the transpose of the steering vector, this is equivalent
to a sum of weighted (phase rotated) signals and is

-
£
[
107k

wer = (€9 wey

CEe

+ Full Loading Sim.

o Partial Cancel. Sim.o2=0.04

where the transpose steering vector is forithsector of = Shil e
interest. The space is broken down into sectors, whereby ‘ ‘

in each sector time correlation is performed before mov- w0 w0 T w’
ing to the next sector. Following beamforming the re-

ceived signal is convolved with the time reversed com-
plex conjugate of the wanted transmitted sequence such
that the timing position can be determined. This method

e

Fig. 2: Performance of the 2-D Acquisition Unit.

is based on the conventional correlation approach. The This paper does not say anything about the correct de-
resultant signal is

sign points forP;, and P,,4 as this depends on numer-
ous system issues including the amount of correlation
integration time used, channel variation and frequency
™ offset specifications.

where the absolute value is taken as the phase of the sig-
nal is unknown.

Tet =

N
S we(s8,)
c=1

V. SUMMARY

In this paper we have investigated an acquisition tech-
IV. NUMERICAL PERFORMANCERESULTS nigue based on the utilisation of an antenna array and

soft data directed assistance from the receiver. This has
In this section we show results from our simulation. been performed under severe multiple access interfer-
The simulation consists of transmittifig= 2500 sym-

ence, where the number of users is equivalent to the
bols where the codes for the multiple access interferenceproduct of the processing gain with the number of an-

are randomly selected for each symbol interval and for tenna elements.

each user. The system is chip and symbol synchronous We derive the system model and the acquisition ap-

and all users have the same power. The number of userproach and compare the performance to the case with a
wasK = 500 and the processing gain of each spreading single antenna and multiple antennas. We show that al-

code wasN = 100. The E;/Ny, = 7dB nd the can- though antenna arrays improve performance in a MAI

cellation factor for the partial cancellation case was setenvironment, the improvement is not large and it is only
to 0.2, oro2 = 0.04. The direction of arrival of the in-

with the inclusion of interference cancellation by us-
terfering users was normally distributed between 30 anding information from the receiver that reasonable per-
150 degrees, as would be the case for a 3 sector celluformance is attainable.

lar configuration. The antenna array is assumed to be a In conclusion this paper demonstrates that for sys-
ULA with half wavelength spacing of the antenna ele- tems utilising antenna arrays and high performance
ments.

multi-user detection designs that information sharing be-



tween the correlator unit and the receiver is essential to
achieve acquisition of new users, or new paths of current
users. This technique shows how one can overcome the
the capacity limitation due to signal synchronisation.
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