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Co-channel interfer-
ence cancellation is
particularly challenging
in the downlink of
cellular radio 
systems, because
usually only one
receive antenna is
available at the
mobile terminal. The
authors provide an
overview of 
promising single-
antenna co-channel
interference cancella-
tion techniques.

MODULAT I O N ,  CO D I N G A N D S I G N A L PR O C E S S I N G FOR

WIR E L ESS CO M M U N I C AT I O N S

INTRODUCTION
Large areas with a high user density cannot be
served by just one base station. This problem
can be solved by the well-known principle of cel-
lularization:
• The service area is divided into cells.
• Resources are repeated in remote cells.
Figure 1 features a cellular network with two dif-
ferent cluster sizes. On the left side, the reuse
factor is seven; that is, seven different channels
(e.g., carrier frequencies in time/frequency-divi-
sion multiple access, TDMA/FDMA, networks)
have to be provided. On the right side, the reuse
factor is three (i.e., the resources can be reused
more than twice as often). Hence, the network
capacity increases by decreasing the reuse factor.
The drawback of decreasing reuse factor, howev-
er, is an increasing amount of interference from
neighboring cells operating on the same channel
(e.g., using the same carrier frequency). This
type of interference is called co-channel interfer-
ence (CCI). CCI can seriously impact perfor-
mance, resulting in poor speech quality, lower
data rates, dropouts, and even complete loss of
voice calls. Due to channel reuse in neighboring
cells, CCI is unavoidable. Techniques for reduc-
ing the performance degradation due to CCI
include discontinuous transmission, dynamic
power control, frequency hopping, dynamic
channel allocation, adaptive multirate (AMR)

speech transcoding, as well as CCI cancellation/
suppression/reduction techniques:
• Discontinuous transmission: In discontinuous

transmission, transmission is suspended when
users are silent during voice calls.

• Dynamic power control: By continuously adjust-
ing transmission power levels of mobile
phones, interference is reduced.

• Frequency hopping: By changing the carrier fre-
quency from burst to burst, frequencies can be
reused more often in adjacent cells or cell sec-
tors.

• Dynamic channel allocation: In dynamic chan-
nel allocation, resources (e.g., time slots and
frequencies) are distributed dynamically.

• Adaptive multirate speech transcoding: By
dynamically splitting the gross bit rates
between speech and channel coding according
to channel quality, almost wireline speech
quality even for relatively poor radio condi-
tions can be obtained. For good conditions, a
higher speech quality can be achieved.

• Co-channel interference cancellation: By means
of CCI cancellation techniques, CCI is
removed from the desired signal. CCI cancel-
lation techniques are implemented in the
receiver without requirements to change the
standard.
Current TDMA networks — Global System

for Mobile Communications/General Packet
Radio Service/Enhanced Data Rates for GSM
Evolution (GSM/GPRS/EDGE), IS-54/IS-136,
and Personal Digital Cellular (PDC) — are
interference-limited rather than noise-limited,
particularly in urban environments and hot
spots like train stations and airports. Due to a
growing number of users and high-rate applica-
tions,  the demand for capacity is  steadily
increasing. As resources for wireless communi-
cations, the available frequency bands are lim-
ited and precious. Moreover, an allocation of
new frequency bands is very complicated and
associated with high costs. Although the effi-
cient network capacity of existing TDMA net-
works can be improved by any of the
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ticularly challenging in the downlink of cellular
radio systems, because usually only one receive
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gle-antenna co-channel interference cancellation
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division multiple access systems. The results
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techniques mentioned above, CCI remains the
limiting factor for network capacity unless CCI
cancellation is done.

CCI cancellation is particularly challenging in
the downlink, where usually (due to cost, vol-
ume, power consumption, and design reasons)
only one receive antenna is available. Corre-
sponding techniques are called single-antenna
(co-channel) interference cancellation (SAIC)
techniques. An uncoded TDMA system in con-
junction with a reuse factor of one can be inter-
preted as a narrowband code-division multiple
access (CDMA) system without spreading. This
analogy illustrates the difficulty in suppressing
CCI, particularly if only one receive antenna is
available.

For more than two years, the Third Genera-
tion Partnership Project, Technical Specification
Group, GSM/EDGE Radio Access Network
(3GPP TSG GERAN) has carried out a feasibil-
ity study on SAIC for GSM networks (Release
6) [1], aimed at reducing the reuse factor of
GSM/GPRS/EDGE networks. A reuse factor of
one is under discussion, in conjunction with a
fractional load as high as possible. United States
network operators suggest a fractional load of
up to 70  percent (i.e., up to 70  percent of the
time slots shall be occupied at the same time).
In such a scenario, CCI and adjacent channel
interference will be severe. As a consequence,
the next GERAN release will be extended with
respect to interference requirements, and inter-
ference cancellation will become necessary.
Since November 2003, a new work item, Down-
link Advanced Receiver Performance (DARP),
has been set up within 3GPP TSG GERAN to
specify the (tightened) performance require-
ments for mobile terminals from Release 6
onward. In field trails, significant gains due to
interference cancellation have already been
demonstrated [2].

The outline of the remainder of this article is
as follows. An overview of CCI cancellation
techniques suitable for TDMA systems is intro-
duced next. Then the channel model under con-
sideration is presented. Subsequently, decoupled
linear CCI cancellation/nonlinear equalization is
studied, representing a powerful receiver tech-
nique among the class of filter-based approach-

es. Afterward, joint multi-user detection is inves-
tigated, as it represents a high-performance
multi-user detection technique. Both receivers
are compatible with state-of-the-art TDMA
receivers, which is an important aspect from an
implementation point of view. Also of essential
importance is channel estimation, which is more
demanding than in single-user receivers, particu-
larly in asynchronous networks. Finally, numeri-
cal results are presented before conclusions are
drawn.

AN OVERVIEW OF CCI CANCELLATION
TECHNIQUES FOR TDMA SYSTEMS

SAIC techniques should be applicable in asyn-
chronous networks (Fig. 2) as well as in syn-
chronous networks, as in novel networks the
base stations are likely to be synchronized.
Another challenge is frequency hopping. Due to
frequency hopping, physical layer signal process-
ing has to be done on a burst-by-burst basis,
which prohibits excessive averaging. Last but not
least, modeling errors have to be taken into
account. For example, EDGE interference may
occur in a GSM network and vice versa. Under
any condition, the performance with SAIC
should not be worse than that of a conventional
receiver.

Co-channel interference cancellation tech-
niques can be classified into filter-based
approaches and multi-user detection techniques:

n Figure 1. A cellular network with different cluster sizes. Co-channel interference arises from neighboring
cells operating at the same carrier frequency.
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• Filter-based approaches include the following
methods:

• –Linear CCI and intersymbol interference
(ISI) cancellation
–Decoupled linear CCI cancellation/nonlinear
equalization
–Predictive CCI cancellation in conjunction
with auto-regressive interference modeling

• Multi-user detection techniques include the fol-
lowing methods:
–Joint multi-user detection
•Full-state trellis-based detection
•Reduced-state trellis-based detection
•Sequential detection
–Successive CCI cancellation
–Parallel CCI cancellation
Perhaps the most s imple f i l ter-based

approach is a linear filter, the coefficients of
which are designed so that CCI and ISI are
mitigated jointly (see, e.g., [3]). In the context
of SAIC, linear CCI cancellation is capable of
cancelling a single interferer if and only if the
data sequences are real valued, that is, the
modulation scheme is one-dimensional (e.g.,
Gaussian minimum shift  keying in GSM).
When the desired signal occupies two dimen-
sions (real/imaginary) per transmitted symbol
(e.g.  8-ary phase shift  keying,  8-PSK in
EDGE), linear single-antenna CCI cancella-
tion is not applicable because we run out of
dimensions for interference suppression. Given
baud rate sampling, only a single complex-val-
ued data stream (as in EDGE) or two real-val-
ued data streams (as in GSM) can be resolved
per receive antenna. Since the excess band-
width in GSM and EDGE is approximately
zero, oversampling does not allow resolving
more data streams. Any performance improve-
ment observed with oversampling is due to the
use of finite filter lengths.

In decoupled linear CCI cancellation/nonlinear
equalization, the tasks of CCI suppression and
ISI cancellation are done separately [4–6]. This
imposes fewer constraints on the linear filter.
Besides CCI suppression, the linear filter may be
designed to shorten the overall impulse response
seen by the cascaded nonlinear equalizer. The
overall receiver is nonlinear and more powerful
than a linear receiver. This type of receiver
structure has attracted much attention over the
past few years.

In predictive CCI cancellation in conjunction
with auto-regressive interference modeling, the
interference plus noise process is modeled by an
auto-regressive model. The corresponding receiv-
er is matched to this auto-regressive model in a
clever way [7]. In SAIC, decoupled linear CCI
cancellation/nonlinear equalization outperforms
predictive CCI cancellation in conjunction with
auto-regressive interference modeling, due to
the inherent model mismatch in the latter
approach.

Multi-user detection algorithms are different
from filter-based approaches in the sense that
the signals of all cochannels are estimated explic-
itly. Either the data of the co-channels can be
estimated jointly, or the interference is subtract-
ed off the received signal in either a sequential
or parallel fashion.

The computational complexity of an optimal

joint multi-user detection [8–10] is prohibitive,
however, because it exponentially increases
with the number of co-channels. An alternative
to full-state trellis-based detection is reduced-
state trellis-based joint detection [11–13] and
sequential detection, respectively. These algo-
rithms offer an adjustable performance/com-
plexity trade-off.  Particularly with
reduced-state trell is-based detection, we
obtained excellent results from a perfor-
mance/complexity point of view.

In successive CCI cancellation, the interfer-
ence is subtracted off the received signal sequen-
tially, starting with the strongest interferer [14].
An alternative is parallel CCI cancellation, where
interference is subtracted off in parallel.

Compared to filter-based approaches, multi-
user-based techniques are, generally speaking,
more sensitive with respect to model errors. This
implies that in multi-user detection much atten-
tion should be paid to channel estimation. In
effect, channel estimation appears to be the bot-
tleneck, particularly in asynchronous networks
with frequency hopping (Fig. 2).

THE CHANNEL MODEL

Throughout this article the complex baseband
notation is used. Vectors are regarded as column
vectors and are written in lower case boldface.
For matrices upper case boldface is used. The
transpose, complex conjugate transpose, and
expected value are denoted (.)T, (.)H, and E{.},
respectively. Estimates and hypotheses are iden-
tified by (.)̂and (.)

~
, respectively.

In the presence of CCI with J interferers, the
equivalent discrete-time channel model can be
written as

(1)

where y[k] is the kth baud rate output sample
of the analog receive filter, L is the effective
memory length of the discrete-time channel
model, h j[k] := [hj,0[k], …, hj,L[k]]T are the
channel coefficients of the jth co-channel, 0 ≤ j
≤ J, aj[k] is the kth data symbol of the jth co-
channel randomly drawn from an M-ary alpha-
bet, n[k] is the kth sample of a Gaussian noise
process, k is the time index, and K is the num-
ber of M-ary data symbols per burst. All ran-
dom processes are assumed to be mutually
independent. Without loss of generality, index j
= 0 refers to the desired user and indices 1 … J
refer to the J interferers. The channel coeffi-
cients hj[k] comprise pulse shaping, the respec-
tive physical channel, analog receive filtering,
sampling phase, and sampling rate. The signal-
to-interference power ratio is defined as C/I :=
E{h0[k] 2}/Σ j=1

J E{h j[k]2}. In case of
square-root Nyquist receive filtering and baud
rate sampling, the Gaussian noise process is
white. In case of N-times oversampling, where
N is an integer, any of the N polyphase chan-
nels can be represented by Eq. 1. The equiva-
lent discrete-time channel model is suitable for
both synchronous as well as asynchronous
TDMA networks.
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respect to model
errors. This implies
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should be paid to
channel estimation.
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DECOUPLED LINEAR CCI
CANCELLATION/NONLINEAR EQUALIZATION

A decoupled linear filter/nonlinear equalizer
(Fig. 3) performs two tasks:
• CCI reduction by means of a linear filter
• ISI reduction by means of a nonlinear equaliz-

er
According to the equivalent discrete-time chan-
nel model of Eq. 1, the received signal can be
split into a desired user term, an other users’
term representing CCI, and a noise term. The
linear filter suppresses only the other users’
term. The remaining ISI of the desired user is
canceled by the nonlinear equalizer. This receiv-
er structure is compatible with state-of-the-art
TDMA receivers, where just the linear filter
(called a prefilter) is missing

In the following, a finite impulse response
(FIR) filter w is considered. The optimum filter
coefficients in the sense of maximizing the sig-
nal-to-interference-plus-noise ratio (SINR) can
be obtained as

wH = rya0
H [Ryy – Rya0

H Rya0]–1, (2)

if the data symbols are independent and identi-
cally distributed (i.i.d.). In Eq. 2, Ryy = E{yyH}
is the autocorrelation matrix of the received
samples, Rya0 := E{a0 yH} is the cross-correla-
tion matrix between the received samples and
the data sequence of the desired user, Tya0 :=
E{a0*[k – k0]y} is a cross-correlation vector; k0 is
the decision delay of the prefilter w. The pre-
filter coefficients are either symbol-spaced or
fractionally spaced, depending on whether over-
sampling is applied or not. In case of one-dimen-
sional modulation schemes (such as binary phase
shift keying, linearized Gaussian minimum shift
keying, or M-ary amplitude shift keying), perfor-
mance can be boosted by means of real-valued
processing [15]. As opposed to alternative solu-
tions available in the literature derived for the
same optimization criterion, no eigenvalue prob-
lem has to be solved in Eq. 2 in order to com-
pute the prefilter coefficients. This significantly
simplifies the computational complexity.

In order to compute the prefilter coefficients,
Ryy, Rya0, and rya0 have to be estimated. Toward
this end, conventionally the expected values E{.}
are replaced by mean values. Due to the finite
length of the training sequence of the desired
user, the estimation is poor. As an alternative,
channel estimates may be used in order to com-
pute the prefilter coefficients, since for i.i.d. data
Ryy, Rya0, and rya0 only depend on the channel
coefficients and the variance of the Gaussian
noise term. If reliable channel estimates are
available, the estimation is usually better than in
the conventional approach. The following cases
can be distinguished:
• Case A: Channel estimates are available for

the desired user and the interferer(s).
• Case B: Channel estimates are available only

for the desired user.
• Case C: Channel estimates are not available at

all (conventional approach).
All three cases are considered in the numeri-

cal results shown below. Since the prefilter miti-
gates the CCI, the cascaded nonlinear equalizer

has to be matched to the ISI channel of the
desired user (modified by the linear CCI cancel-
er) only. Trellis-based, tree-based, and graph-
based equalizers are suitable, preferably
delivering reliability information in conjunction
with the detected data symbols. As mentioned
earlier, only one complex-valued data stream or
two real-valued data streams can be resolved per
receive antenna by means of a linear filter. This
motivates us to investigate the more complex
trellis-based approaches studied next.

JOINT MULTI-USER DETECTION

Given perfect knowledge of the channel coeffi-
cients of all co-channels, the optimal receiver in
terms of maximum likelihood sequence estima-
tion is the joint maximum-likelihood sequence
estimator (JMLSE). The JMLSE is based on the
equivalent discrete-time channel model (Eq. 1.
The data symbols of all co-channels are estimat-
ed jointly. For white Gaussian noise, the JMLSE
selects the J +1 data sequences that minimize
the squared Euclidean distance between the
noisy observations and all possible hypotheses of
the noiseless received sequence. In this case, the
JMLSE can formally be written as

(3)

The term branch metric is the squared Euclidean
distance between the kth noisy observation and
all possible hypotheses of the kth noiseless
received sample. By comparing Eqs. 1 and 3 it is
easy to see that only the noise term remains if
the symbol hypotheses a~j[k – l] and the actually
transmitted data symbols aj [k – l] are identical.
For each time index k, M(J+1)(L+1) possible
hypotheses exist according to Eq. 3. The number
of hypotheses depends on the effective memory
length of the equivalent discrete-time channel
model, L, the number of interferers, J, and the
cardinality of the symbol alphabet, M. Note that
the cardinality of the symbol space is M = 2 for
GSM/GPRS, M = 4 for IS-54/IS-136, and M = 8
for EDGE. The effective memory length for
these systems is about L = 2 … 7, depending on
the morphology of the environment. In Fig. 4, all
M(J+1)(L+1) possible hypotheses that affect the J
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Frontend

Linear
filter

w

HOEHER LAYOUT  3/31/05  11:13 AM  Page 33

                                                                                                                                       



IEEE Wireless Communications • April 200534

+1 data symbols at time index k are plotted in
the form of a trellis segment. The trellis segment
consists of M(J+1)L states, which represent the
symbol history due to the channel memory, and
M(J +1) branches per state, which represent the
current symbol hypotheses. Each branch (also
called transition or edge) is associated with the
branch metric according to Eq. 3. For illustrative
reasons, in Fig. 4 the simple case of binary
antipodal modulation (M = 2), an effective
memory length of L = 2, and one interferer (J =
1) is considered on the right side. For compari-
son, the case without interference is plotted on
the left side. Even in this simple case it is obvi-
ous that the complexity explodes in the presence
of one or more interferers.

By concatenating K trellis segments (i.e., one
segment per time index k), a trellis diagram is
obtained. A consecutive sequence of branches is
called a path. Each path is associated with the
corresponding accumulated branch metrics,
called path metric in Eq. 3. The maximum likeli-
hood path is the path with the smallest metric.
This path is finally selected. Finding the best
path is related to the well-known traveling sales-
man problem. Even though a recursive computa-
tion can be done by means of the Viterbi
algorithm and related techniques, the computa-
tional complexity is usually prohibitive with one
or more interferers (J ≥ 1), even for binary sys-
tems (M = 2).

This problem can be solved by reducing the
number of hypotheses taken into account, for

example, by means of joint reduced-state sequence
estimation (JRSSE). A special case of JRSSE is
joint delayed-decision feedback sequence estima-
tion (JDDFSE). JDDFSE is obtained from
JMLSE by applying the principle of parallel
decision feedback [16] in order to reduce the
computational effort. JDDFSE can be written as
[13]

(4)

The key idea is to define adjustable design
parameters Lj, 0 ≤ j ≤ J, where 0 ≤ Lj ≤ L. The
first part of the branch metric is similar to the
branch metric of JMLSE (Eq. 3) except that
fewer terms are considered. As a consequence,
for each data symbol according to Eq. 4 only
Πj=0

J M(Lj+1) instead of Πj=0
J M(L+1) hypotheses

are taken into account. Note that the number of
hypotheses only depends on the design parame-
ters, Lj, the number of interferers, J, and the car-
dinality of the symbol alphabet, M, but not on
the effective memory length of the equivalent
discrete-time channel model, L. In the second
part of the branch metric, the remaining (past)
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The JDDFSE is a 
simplification of a
JMLSE; the 
performance loss is
small if the past
decisions are reliable
or if the channel
coefficients occurring
in the second part of
the branch metric
tend to be small.
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data symbols are considered. The important dif-
ference between the first and second parts of the
branch metric is as follows. In the first part, all
possible hypotheses (denoted a~j[k]) are tested.
Processing can be done along the same lines as
for JMLSE, with a reduced number of states. In
the second part, tentative decisions are used
(denoted âj[k]), since the second part represents
past symbols. The second part is related to the
feedback filter of a decision feedback equalizer.
Only this part of the branch metric is subject to
error propagation. The path metrics can be com-
puted recursively (e.g., by means of the Viterbi
algorithm). JDDFSE is a simplification of
JMLSE; the performance loss is small if the past
decisions are reliable or the channel coefficients
occurring in the second part of the branch met-
ric tend to be small. JDDFSE is compatible with
state-of-the-art TDMA receivers, since only the
computation of the branch metric is modified.

An optimization of the design parameters Lj
corresponds to a trade-off between complexity
and performance. One extreme is Lj = L for all j,
in which case JDDFSE corresponds to JMLSE.
The other extreme is Lj = 0 for all j, which corre-
sponds to joint decision feedback equalization.
In practice, Lj should be chosen such that the
dominant fraction of the power is contained in
the coefficients hj,0, …, hj,Lj in order to minimize
error propagation. This condition can be relaxed
by using an adaptive prefilter, which is able to
jointly shorten the impulse responses of all co-
channels [12]. The design parameter can be
made adaptive [13]. In case of a nonbinary data
alphabet, the complexity can be further reduced
by applying the principle of set partitioning [17].

CHANNEL ESTIMATION

Channel estimation is more demanding than in
single-user receivers, because more channel
coefficients have to be estimated. Channel esti-
mation is particularly difficult in asynchronous
systems with frequency hopping (Fig. 2) because
of short observation intervals and nonoverlap-
ping training sequences.

For simplicity, let us consider the synchronous
case first. The presentation is simplified if the
equivalent discrete-time channel model, Eq. 1, is
written in vector/matrix form:

(5)

where X := [A0, …, AJ] and f := [h0
T, …, hJ

T]T.
Given the right side of Eq. 5, the so-called joint
least-squares channel estimator (JLSCE) can be
formulated for TDMA systems as [9]

f^ = (XH ⋅ X)–1 ⋅ XH ⋅ y, (6)

where f^ := [ĥ0
T, …, ĥJ

T]T are the channel esti-
mates. JLSCE is particularly simple if the matrix
(XH ⋅ X)–1 ⋅ XH can be precomputed. The first
drawback of JLSCE is that the training
sequences should overlap. Due to different prop-
agation delays, even for ideally synchronized
base stations the co-channels cannot be made
synchronous for all users. The second drawback
of JLSCE is that the training sequences of all
active users should be known. In many cases,

however, only the training sequence of the
desired user is known to the receiver. Possible
solutions for both drawbacks are prevailing
research topics.

In case of asynchronous networks with fre-
quency hopping, according to Fig. 2 the channel
coefficients have to be computed piecewise. If
the training sequence of the desired user is
known and the training sequences of the inter-
ferers are unknown, semi-blind channel estima-
tion can be done. In semi-blind channel
estimation, information coming from known
symbols as well as information obtained by blind
methods is combined. Solutions for this scenario
have been studied extensively in the literature
(e.g., [18, references therein]).

NUMERICAL RESULTS

In order to demonstrate the performance of
SAIC receiver structures, a software simulator
has been implemented. The numerical results
reported in Figs. 5 and 6 are obtained for a syn-
chronous GSM/GPRS network with one domi-
nant interferer (J = 1). A typical urban (TU)
environment is assumed, because urban environ-
ments are subject to strong CCI. The TU chan-
nel model (in conjunction with linearized
Gaussian minimum shift keying and a square-
root Nyquist receive filter) has an effective
memory length of about L = 3. The training
sequences of the desired user and the dominant
interferer are uniformly distributed over the set
of GSM training sequences (TSC0–TSC7). It is
assumed that both training sequences are differ-
ent. In all figures the raw bit error rate (BER) of
the desired user is plotted vs. the average signal-
to-interference ratio (C/I) given a fixed signal-to-
noise ratio (Es/N0). The channel coefficients are
assumed to be constant for the duration of a
burst (block fading assumption). As a bench-
mark, the performance curve for a conventional

y A h n X f n= ⋅ + = ⋅ +
=
∑ j j
j

J
,

0

n Figure 5. Simulation results for decoupled linear CCI cancellation/nonlinear
detection (TU0 channel model, perfect channel knowledge, Es/N0 = 25 dB,
one dominant interferer, synchronous GSM network).
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GSM receiver with 2L = 8 states is plotted as
well. In all simulations, 5 ⋅ 104 statistical inde-
pendent bursts were generated, emulating per-
fect frequency hopping.

DECOUPLED LINEAR CCI CANCELLATION/
NONLINEAR EQUALIZATION

Performance results for decoupled linear CCI
cancellation/nonlinear equalization as described
above are shown in Fig. 5. The FIR prefilter is
adjusted burst by burst according to Eq. 2. A
fractionally spaced filter (N = 2) with 20 real-
valued coefficients is used. Real-valued process-
ing as proposed in [15] is done. The decision
delay of the prefilter is chosen to be k0 = 4. The
prefilter is cascaded by a Viterbi detector with
eight states. Numerical results are shown for all
three cases, A, B, and C, defined above. In case
A JLSCE is used, which is capable of performing
channel estimation jointly for both co-channels,
whereas in case B a conventional channel esti-
mator for the desired user is applied in order to
adapt the linear filter. In case C, the linear filter
is adjusted without using a channel estimator. In
all three cases, decoupled linear CCI cancella-
tion/nonlinear equalization outperforms the con-
ventional GSM receiver over a wide range of
signal-to-interference ratios.

JOINT MAXIMUM LIKELIHOOD SEQUENCE
ESTIMATION AND JOINT DELAYED DECISION

FEEDBACK SEQUENCE ESTIMATION

Figure 6 shows performance results for JMLSE
and JDDFSE in conjunction with perfect chan-
nel knowledge. Since the typical urban channel
model has an effective memory length of about
L = 3, the joint maximum likelihood sequence
estimator consists of 22⋅3 = 64 states in case of

one dominant interferer. In [19] a tight lower
bound on the bit error rate performance of
JMLSE has been published, which verifies the
local maximum at about 15 dB.

For the joint delayed decision feedback
sequence estimator, 16 states are assumed in
Fig. 6. Different choices of the design parame-
ters L0 and L1 are considered. Particularly with
adaptive state allocation (ASA) [13], the perfor-
mance gap with respect to JMLSE is negligible.
For JDDFSE with just eight states, the results
are similar. In case of GSM/GPRS an adaptive
prefilter, which is able to jointly shorten the
impulse responses of all co-channels, is only nec-
essary if the number of states is four or less. In
case of EDGE, however, a prefilter should
always be used in conjunction with JDDFSE.

For (quasi-)synchronous GSM networks,
JDDFSE outperforms decoupled linear CCI
cancellation/nonlinear equalization even if chan-
nel estimation is taken into account. However,
channel estimation is particularly difficult in
asynchronous networks with multiple interferers.
For this reason, decoupled linear CCI cancella-
tion/nonlinear equalization (cases B and C) is a
suitable alternative. Furthermore, JDDFSE is
sensitive with respect to model errors.

CONCLUSIONS

Single-antenna interference cancellation is more
difficult than multiple-input multiple-output
(MIMO) processing, since fewer degrees of free-
dom exist in order to suppress CCI. Neverthe-
less, with SAIC capacity gains of 40–70  percent
are expected for the GSM/GPRS downlink. In
this tutorial, suitable receiver structures have
been presented that are particularly powerful
with respect to compatibility, complexity, and
performance. For asynchronous TDMA net-
works, decoupled filtering/equalization is a good
choice. For synchronous TDMA networks, how-
ever, we propose using a joint reduced-state
sequence estimator. Channel estimation is of
vital importance, especially for multiple interfer-
ers and/or asynchronous networks with frequen-
cy hopping.
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