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Abstract— We consider multiuser detection techniques for
an eavesdropping receiver in an IS-95 cellular communi-
cation system observing interfering downlink transmissions
from a cluster of B base stations. The receiver desires to ac-
curately estimate the symbols transmitted from these base
stations to their active local users. For a system with K to-
tal asynchronous users and an observation of 2L + 1 bits, the
optimum detector is reviewed and shown to have complexity
on the order of 2K(2L+1), Taking advantage of the structure
of the IS—95 downlink, we develop a reduced complexity op-
timum detector with exponentially lower complexity. In typ-
ical scenarios with two or three base stations, the reduced
complexity optimumn detector is significantly less complex
than the brute-force optimum detector. We also consider a
suboptimum, low complexity IS-95 downlink eavesdropping
detector with connections to reduced complexity optimum
detection as well as group detection and parallel interfer-
ence cancellation. We demonstrate via simulation that the
performance of this receiver can be near-optimum while of-
fering very low computational complexity.

I. INTRODUCTION

The IS-95 [1] downlink eavesdropping problem has at
least two unique challenges not often considered in the
multiuser detection literature:

+ The non-cyclostationary nature of the cochannel inter-
ference in the IS-95 downlink precludes the use of linear
multiuser detectors that use subspace tracking or require
matrix inversions (e.g. decorrelating and MMSE) since the
interference subspace changes at each symbol interval.

o The IS-95 downlink eavesdropper observes the downlink
transmissions from multiple base stations hence it is possi-
ble that the total number of active users K could be greater
than the spreading gain.

o IS-95 downlink power control (or allocation) may lead
to widely disparate user amplitudes observed at the eaves-
dropper. This implies that there may be scenarios where
the cochannel interference creates near-far problems [2]
with conventional matched filter detection.

These challenges lead us to consider the application of
nonlinear multiuser detection techniques for IS-95 down-
link eavesdropping in this paper.

This paper is organized as follows. In Section II we de-
velop a concise model with mild simplifying assumptions
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for the IS-95 downlink that includes the effects of the
time and phase asynchronous, nonorthogonal, and non-
cyclostationary transmissions of the B base station com-
munication system. In Section III we use this model to ex-
amine the optimum (joint maximum likelihood) detector
in the IS-95 downlink eavesdropping context. Although
the optimum detector is often too complex for implemen-
tation in realistic systems, its role is still important in order
to determine the relative performance of suboptimum mul-
tiuser detectors. In Section IV we examine the structure of
the IS-95 downlink model to develop a reduced complexity
optimum detector that has exponentially less complexity
than the brute-force optimum detector. In Section V we
examine the properties of this reduced complexity opti-
mum detector in order to develop a suboptimum Group
Parallel Interference Cancellation (GPIC) detector with
computational complexity similar to conventional matched
filter detection. In Section VI we examine the performance
of the GPIC detector relative to the conventional matched
filter and optimum detectors via simulation and show that
the GPIC detector exhibits near-optimum performance in
the cases we examined.

II. IS-95 DOWNLINK SYSTEM MODEL

Consider the simplified IS-95 downlink system model
depicted in Figure 1 where B cellular base stations each
transmit digital information to a group of Kj local users'.
The system thus has a total of K = Zle K, users.
In general, a receiver in the cell system observes each
base station’s transmission through an individual propaga-
tion channel (including multipath, delay, and attenuation)
summed and corrupted by additive channel noise. The
components of Figure 1 are described below:

¢ Channelizer: Orthogonalizes the transmissions of the
users within the base station’s cell by assigning a unique
Walsh-64 code to each user.

o Power Control: Sets the gain on each user’s transmission
to provide an acceptable transmission quality to that user
while minimizing the generated cochannel interference.

¢ Modulator: Multiplies the aggregate base station trans-
mission by a complex pseudonoise (PN) code for base sta-

1We simplify this development by ignoring the voice activity, soft
handoff, and antenna sectorization features of IS-95 in this paper.
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