
VI INTERNATIONAL TELECOMMUNICATIONS SYMPOSIUM (ITS2006), SEPTEMBER 3-6, 2006, FORTALEZA-CE, BRAZIL 1

Advanced Downlink Receivers for GERAN
V.Bril *, P.S. R. Diniz *, R.D. Vieira **

Abstract— This article proposes several types of interference
cancellation for the downlink connection in the GSM mobile
communications system. The solutions are in the class of Dual
Antenna Interference Cancellation (DAIC) which utilize two
antennas in the mobile station in order to improve the network
performance in the link level. The performance of the receivers
introduced here are compared with the conventional and the
Single Antenna Interference Cancellation (SAIC). The results
show that the DAIC receivers bring about substantial reduction
in the bit-error-rate (BER) in the downlink connection.

Index Terms— Advanced receivers, co-channel interference,
channel diversity, dual antenna.

I. INTRODUCTION

The Global System for Mobile Communications (GSM) is
the most popular standard for mobile services in the world.
GSM service is used by over 1.5 billion people across more
than 210 countries. The ubiquity of the GSM standard makes
international roaming widely spread among mobile phone
operators, enabling subscribers to use their phones in many
parts of the world. In addition, GSM is developed to meet the
large subscriber growth and the demand for services, such as
web browsing and e-mails.

As the demand for the wireless network services increases,
the network operators and vendors are challenged to find
creative ways to increase the capacity at link level given the
limited spectrum and enhance the network resources. As a
result many new technologies have been developed, mainly in
data link and network layers.

Several new items have been added into 3GPP releases 4,
5 and 6. These features have started to arrive to terminals
and networks improving original EDGE performance and end
user experience considerably. Discussions on further 3GPP
work item candidates for release 7 have also been started in
the GERAN TSG [1]. Higher bit rates and lower latency to
improve EDGE performance will particularly help with the
introduction of new conversational class services like real time
video services and Voice over IP (VoIP). All other services will
also benefit from further performance evolution. Additionally,
higher bit rates will enable Internet applications without major
mobile adaptations. Higher bit rates and latency improvements
naturally speed up all existing and future mobile applications.

One of the keys technology improvements being considered
in 3GPP is the MS receiver diversity. Although antenna
diversity techniques are nowadays by default employed in the
base station receiver, the use of antenna arrays at the terminal
have been received a lot of attention and the feasibility of
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MS Receive Diversity (MSRD) has been determined during
the feasibility study for evolved GSM/EDGE Radio Access
Network [1].

MSRD is a downlink feature, which receiver enhancements
in the MS provide significant gains in terms of spectral
efficiency by means of an additional antenna. Through MSRD,
advanced diversity and interference cancellation techniques
can be applied separately or jointly (DAIC terminals) for
improve the system performance for GMSK modulated signals
as well as significant gains for 8PSK-modulated signals.
Therefore gains in both user throughput and system capacity
can be achieved. This work addresses the performance of some
DAIC receivers structures. Besides, a comparison with the
conventional and the SAIC receiver are done.

The conventional receivers used in GSM systems are ex-
plained in section II. In the sequence, the sections III and IV
describe same advanced receivers and the section V presents
comparisons among the receiver solutions for different simu-
lation scenarios.

II. CONVENTIONAL GSM RECEIVERS

A. Receiver Model

In this work, it is considered that communication channels
are frequency selective corrupted by additional noise as de-
picted in Figure 1.

The digital signal of the n-th user is transmitted over
a fading multipath channel hL,n of order L. The additive
noise, w, is modeled as Gaussian noise. The signals of the
users traverse independent complex channel impulse responses
hl,n = [h0,n, h1,n, ..., hL,n], where L + 1 is the length of the
channel. The other building blocks of the transmission system,
as interleaving and channel coding were developed based on
[2]. The demodulation problem here is to detect the transmitted

Fig. 1. Conventional GSM receiver.

bits a from the received signal y. Besides the received signal
the detector also requires the channel estimates ĥL,n which
are provided by a specific channel estimator device. Therefore,
the signal detector can be divided in two parts: the channel
estimation and the receiver where the later uses the channel
estimation in order to decode the sequence y.
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B. Channel Estimation

This section presents how the channel model is estimated
in the GSM receiver of Figure 1. The received signal block y

can be expressed as

y = Mh + n (1)

where the complex channel impulse response h of the desired
signal is expressed as

h = [h0 h1 · · · hL]T (2)

Notice the we dropped the subscript L, n from h since we are
dealing with the channel model of a particular user and the
channel length is already defined.

Within each transmission burst the transmitter sends a
unique training sequence, which is divided into a reference
length of P and guard period of L bits, and denoted by

m = [m0 m1 · · · mP+L+1]
T (3)

where the elements mi ∈ {−1, +1}. In equation (1) the
circular training sequence matrix M is formed as

M =

⎛
⎜⎜⎜⎝

mL ... m1 m0

mL+1 ... m2 m1

...
...

...
...

mL+P−1 ... mP mP−1

⎞
⎟⎟⎟⎠ (4)

The Least Square (LS) channel estimate is found by mini-
mizing the following squared error quantity

ĥ = arghmin|y − Mh|2 (5)

Assuming the additional noise as white Gaussian, the solu-
tion is given by equation (6)

ĥLS = (MHM)−1(M)Hy (6)

where (·)H and (·)−1 denote the Hermitian and inverse
matrices, respectively. The solution given by equation (6)
is also the best linear unbiased estimate (BLUE) for the
channel coefficients of equation (1). The solution can be
further simplified as

ĥ =
1

P
(MHy) (7)

provided that the periodic autocorrelation function (ACF) of
the training sequence is ideal with the small delays in the
received block ranging from 1 to L, since the correlation
matrix MHM becomes diagonal. This holds for GSM train-
ing sequences, whenever reference length 16 is chosen. The
estimates given by equation (7) are simply scaled correlations
between the received signal and training sequence.

C. Final Reception

The conventional GSM receiver is based in Maximum
Likelihood Algorithm Sequence Estimator (MLSE). This class
of decoder can find the most likely coded data in a wireless
channel, as can be seen in [3]. It can implicitly correct errors
and offer some information about the decoding quality. The

MLSE algorithm aims at solving the following minimization
problem

(â0, . . . , âJ) = arg mina0
, . . . , aJ

K−1∑
k=0

∣∣∣∣∣y(k) −

L∑
l=0

hl(k)aj(k − l)

∣∣∣∣∣
2

︸ ︷︷ ︸
branch metric︸ ︷︷ ︸

path metric

,

(8)
The term branch metric is the squared Euclidean distance

between y(k), a noisy observation, and all possible hypotheses
of the k-th noiseless received sample.

In the algorithm developed, the limit L is three. As a
consequence, the other four taps of the channel are considered
as contributing to noise. This is the only limitation used in
the reception model. The actual impact to the number of taps
considered in the reception algorithm will be discussed in
section III.

III. SAIC

A. SAIC model

SAIC is a generic name for techniques, which attempt to
cancel or suppress interference by means of signal processing
without the use of multiple antennas [4]. The primary appli-
cation is the downlink, where terminal space and aesthetics
typically preclude the use of multiple antennas. The actual
implementation of SAIC is up to the mobile station (MS)
vendor. In the literature, a number of SAIC algorithms exist ,
but in summary they can be divided into two families:

• Joint Detection (JD): Simultaneous detection of both the
wanted and the interfering signals.

• Blind Interference Cancellation (BIC): Only the wanted
signal is processed. “Blind” for the interfering signal.

The main difference between these receiver structures re-
gards the complexity of implementation. In order to cancel an
interferer, JD techniques perform the joint channel estimation
of the desired and interference signal through the knowledge
of their Training Sequence Codes (TSC). Classical JD schemes
are much more complex and sensitive to delays between the
desired and interfering signals than BIC methods. Neverthe-
less, JD receivers generally offer superior performance than
BIC receivers, which are low-complexity structures that often
rely on special properties of GMSK signals to suppress the
interference [5]. Here, link level simulations were done with
SAIC JD.

Hence, the biggest difference between the conventional
GSM receiver to SAIC receiver is that the original GSM
mobile station uses just the user signal to estimate the channel,
whereas SAIC JD uses two signals, one for the user of interest
and another for the dominant interferer as illustrated in Figure
2.

SAIC performance is very dependent of two parameters:
C/I (Carrier to Interference ratio), which is the ratio between
the power of the user signal and the power of all others
interferers plus the Gaussian noise; and DIR (Dominant to rest
of Interference Ratio), which is the ratio between the power
of the strongest interferer and all other interferers plus the
Gaussian noise.
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Fig. 2. SAIC reception.

Additionally, it should be pointed out that the performance
of all SAIC receivers is conditioned among other factors by
the Dominant to rest of Interference Ratio (DIR) - which is the
ratio between the power of the strongest interferer and all other
interferers plus the Gaussian noise [5]. Generally, interference
suppression gains provided by both schemes deteriorate for
low DIR values.

In [4] and [5] an overview of SAIC is given, while SAIC JD
and SAIC BIC receiver structure are presented in [6] and [7]
respectively.

B. Frequency Reuse and the Co-Channel Interference Problem

A simple form to increase the capacity of the cell is to
reduce the frequency reuse factor. The maximum capacity that
a system can achieve is by employing reuse frequency factor 1,
meaning that adjacent cells are using the same radio resources.
The drawback of this technique is the increase of co-channel
interference among users of different cells.

In a GSM network , both broadcast antennas as well as more
focused antenna systems transmit signals across relatively
wide areas. The signals that target an intended user can become
interference to other users utilizing the same frequency in the
neighboring cells. In TDMA systems, such as GSM, a specific
timeslot is allocated for a user who occupies a specific range of
frequency and who will mainly suffer interference from other
user in a different cell employing the same range of frequency
and the same timeslot number.

To combat this problem, it is used the joint detection
algorithm which estimates the channel of the target user and its
strongest interferer, considering the other interferers as noise.
This is justified by the characteristic of inter-cell interference
in GSM systems.

C. Channel Estimation

In multi-user detection, the signals of all co-channels in-
terferers are estimated explicitly. However, if all estimated
channels were used in the reception, the receiver would require
a huge computational resource. Therefore, just the channel
model of the strongest interferer is estimated. According to
this problem, one of the most important tasks of the channel
estimator is determine who is the dominant interferer. A failure
in determining the main interferer might lead to higher number
of errors in SAIC than in the conventional GSM receiver.

The method used to estimate the channels is the same
method as used in the conventional GSM receivers. The only
difference is that SAIC estimates two channels, whereas GSM
estimates only the desired user channel.

D. Dominant Interferer

There are three methods to find the dominant interferer:
estimators based on residual, power, and matched filter. The
short length of the training sequences does not allow for good
estimation of all channels together, so the best method to
estimate them is by pairs. The power and residual methods
use estimation pairs, whereas the matched filter estimates all
user channels simultaneously. This work employs the estimator
based on residual because it yields best results as can be
verified in [6].

E. SAIC JD algorithm

The next step, after the estimation of the channels, is to
decode the sequence received. The utilized method is very
similar to the conventional GSM method, namely the MLSE.
The method is called joint maximum-likelihood sequence
estimator (JMLSE).

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

(â0, . . . , âJ) = arg mina0,...,aJ

K−1∑
k=0

∣∣∣∣∣y(k) −

J∑
j=0

L∑
l=0

hj,l(k)aj(k − l)

∣∣∣∣∣
2

︸ ︷︷ ︸
branch metric︸ ︷︷ ︸

path metric
(9)

The term branch metric is the squared Euclidean distance
between the k-th noisy observation and all possible hypotheses
for the k-th noiseless received sample. The number of hypothe-
ses 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 . The cardinality
of the symbol used in this work is M = 2 for BPSK. The
memory length used is L = 7.

Therefore, if we employ all the size of channel memory, the
computational cost to calculate the Euclidean distance cost
is M (J+1)L

, which will require considerable computational
resources. Then, in this work, the reception is implemented
with L = 3, meaning that the final estimation is made using
just the first three taps. This results in a cost vector with 64
positions. If the receiver works with seven taps, the cost vector
would have 16384 positions.

Finally, the algorithm looks for the position that has the
least cost and uses this position to determine if the symbol
detected is +1 or -1.
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IV. DAIC

One of the keys objectives of the GERAN evolution are
improve the user throughput and increase the voice and
data capacities of GSM/EDGE networks, and the receiver
performance improvement obtained by DAIC receivers has
the potential to achieve the requirements desired for downlink
EGPRS services. As explained, DAIC receivers are intended to
be used in mobile terminals with two antennas. These receivers
must be a trade-off between good performance and complexity
since the terminal are constrained by cost and complexity
limitations. It is also expected a better performance with DAIC
terminal since they utilizes two received signals, instead of one
signal in SAIC terminal.

The use of a second antenna in the mobile station is a
more recent trend, fueled by technology advancements that
allow cost-effective integration of a second antenna in a hand-
held device. Note that engineering texts will suggest the
diversity antennas be placed much farther apart than a hand-
held phone would allow. That is true to extract the maximum
gain possible, but fields tests have proved that the diversity
gain available with mobile station receive antennas less than
a centimeter apart can greatly increase the downlink capacity
[1].

The next two sections the DAIC receivers structures pro-
posed are presented. Both are based on pos-detection com-
bining schemes, i.e., an independent data detection for each
diversity branch is performed, and the soft decision outputs
are combined and delivered to the channel decoding unit.

A. DAIC - Selection Combining

The DAIC Selection Combining receiver is composed by
two SAIC receivers (SAIC1 and SAIC2), one for each branch.
The basic idea of DAIC-SC receiver structure is to select the
SAIC branch that provides the best results.

The SAIC branch selection, used by DAIC-SC, is based
on a reliability factor given by the SAIC JD algorithm. This
reliability factor is calculated through the least cost obtained
from the cost vector, explained in subsection III-E.The pseudo-
algorithm is given by

reliabilityF_SAIC1 = (LeastC_SAIC1_-1 - vectorC_SAIC1_+1)

reliabilityF_SAIC2 = (LeastC_SAIC2_-1 - LeastC_SAIC2_+1)

if (reliabilityF_SAIC1 > reliabilityF_SAIC2)
then use SAIC1

else
then use SAIC2

end if

where the LeastC SAIC1−1 is the value of the least
cost in SAIC1 for the symbol -1; LeastC SAIC2 − 1 is
the value of the least cost in SAIC2 for the symbol -1;
LeastC SAIC1 + 1 is the value of the least cost in SAIC1
for the symbol +1; and LeastC SAIC2 + 1 is the value of
the least cost in SAIC2 for the symbol +1.

B. DAIC - Soft-Decision Combining

The DAIC Soft-Decision Combining receiver(SDC) is also
composed by two SAIC receivers, one for each branch.

However, DAIC-SDC uses information from the two SAIC
branches simultaneously. Therefore, it is expected that the
DAIC-SDC has better performance than the DAIC-SC, since
this receiver structure uses all information of the two antennas.

In summary the DAIC-SDC receiver structure combines the
cost vector from each SAIC branch. Through this final cost
vector, the DAIC-SDC algorithm looks for the position that
has the least cost and uses this position to determine if the
symbol detected is +1 or -1. The pseudo code for the DAIC-
SDC implementation is given by

Final_Cost = Cost_Vector_SAIC1 + Cost_Vector_SAIC2

Position = min(Final_Cost)

If Position < 32
then symbol = -1

else
symbol = +1

end if

where the Cost V ector SAIC is the cost vector of each
SAIC branch with 64 positions.

V. RESULTS

In this section we investigate the performance of the DAIC
receivers for the GSM air interface. However, the modulation
adopted for evaluate the DAIC receivers structure was BPSK.
The GSM training sequences are utilized and we assume
that perfectly synchronized co-channel signals are received.
Moreover, we assume to have perfect knowledge of the train-
ing sequences of the main interferences. The channel model
employed is the well known Typical Urban (TU) and rural
models, and the taps amplitudes were taken from the 3GPP
standard given by [9]. The channel modeling was based on
Clarke’s model, whose detailed mathematical justification can
be obtained in [10].

In our simulations seven users are presented, i.e, six users
are considered interferences. The values of the CIR and DIR
for these users vary over the time.

A. Comparison among GSM, SAIC and DAIC

Figure 3 shows the simulation performance for three dif-
ferent types of receiver: conventional GSM, SAIC and DAIC.
The scenario used is rural area with DIR equal to 20dB and
with mobile stations at 120km/h. It can be easily observed
the better performance of the SAIC receiver as compared
with conventional GSM receiver. The DAIC-SDC outperforms
SAIC. The next simulations compare SAIC and the two
different types of DAIC analyzed here, DAIC-SC and DAIC-
SDC, in different scenarios.

B. Comparison among SAIC, DAIC-SC and DAIC-SDC vary-
ing DIR

Figures 4 and 5 depict the comparison among SAIC, DAIC-
SC and DAIC-SDC in a scenario with low DIR, 6dB, and a
scenario with large DIR, 100dB, in a rural area channel and
with mobile stations at 120km/h.

Both figures show that DAIC-SDC performs better than
DAIC-SC. As mentioned in subsection IV-B, the best results
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Fig. 3. Performance of conventional GSM, SAIC and DAIC receivers.
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Fig. 4. Performance of SAIC, DAIC-SC and DAIC-SDC receivers with DIR
equal to 6dB.

related to DAIC-SDC originates from additional information
not utilized by DAIC-SC. As expected the bit error rates are
lower when the DIR is higher.

C. Comparison among SAIC, DAIC-SC and DAIC-SDC in a
typical urban channel

Figure 6 illustrates the comparison among SAIC, DAIC-SC
and DAIC-SDC in a typical urban channel with DIR equal to
6dB. The BER follows the same trend as in figure 4, however,
the bit error rate is smaller for a rural area channel than for
a typical urban channel. This result is expected because the
rural area channel is better behaved than the typical urban
channel as can be seen in the tap amplitudes standard for theses
channels [9]. In the rural area channel, the least tap amplitudes
has a lower energy compared to the urban channel. It can also
be observed the DAIC-SDC has the best performance followed
by the DAIC-SC.
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Fig. 5. Performance of SAIC, DAIC-SC and DAIC-SDC receivers with DIR
equal to 100dB.
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Fig. 6. Performance of SAIC, DAIC-SC and DAIC-SDC receivers with a
DIR equal to 6dB in a typical urban channel.

D. DAIC-SDC for different velocities

The following simulations will focus on the DAIC-SDC.
Figure 7 plots the bit error rate for rural area channel with
fixed DIR equal to 6dB and by varying the velocity of the
mobile station. When the mobile is at 3km/h and 50km/h the
bit error rate is equal to zero after a certain level of C/I . As
expected, the BER is lower when the speed is lower since the
channel does not have a strong interference of the Doppler
effect.

E. DAIC-SDC for different correlations of the received signal

As mentioned in the section IV, DAIC is extremely depen-
dent of the channel diversity. In order to verify this assertion
figure 8 illustrates the DAIC performance when correlated
signals are received in the antennas.

For lower correlation factor between the two different re-
ceived signals the channel diversity is higher leading to better

SBrT © 447



6 VI INTERNATIONAL TELECOMMUNICATIONS SYMPOSIUM (ITS2006), SEPTEMBER 3-6, 2006, FORTALEZA-CE, BRAZIL

0 5 10 15
10

-4

10
-3

10
-2

10
-1

10
0

C/I (dB)

B
E

R
(%

)
DAIC SDC - DIR = 6dB

Velocidade = 3km/h
Velocidade = 50km/h
Velocidade = 120km/h

Fig. 7. Performance of DAIC-SDC varying the velocity to the mobile station.
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Fig. 8. Performance of DAIC-SDC varying the correlation between the two
received signals.

performing receiver because it brings more new information
to the system. The worst case would be if the correlation was
equal to one, because the second received signal would be
identical of the first one ant the DAIC performance would be
the same of SAIC performance. In all other simulations, it was
used the correlation factor almost equal to zero what means
the ideal scenario regarding channel diversity.

VI. CONCLUSIONS

This work proposes some solutions for GSM mobile re-
ceivers using dual antennas, namely the DAIC-SC and the
DAIC-SDC. Both solutions bring about substantial improve-
ments in performance for transmissions in frequency selective
channels including Doppler effects. The use of two antennas
in the mobile stations are being developed recently, but no
standard algorithm to use the two signal received has been
developed until now.
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