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Abstract— We present an analysis and improved results
of a new algorithm for detection of the received signal of a
encoded wireless MIMO system. The method is based on BLAST
algorithm with successive interference cancellation which is now
applied in an adaptive manner based on some threshold decision.
Therefore, we extend reliability information on bits to symbol
reliability. The principle idea of our method is not restricted to
specific receiver designs but can be applied to any receiver with
symbol interference cancellation. We use the threshold criterion
to improve cancellation and present two methods how to obtain
the optimum threshold. One is an exact analytical approach
initially presented in this paper, and the second one is based
on EXIT chart technique. To have a fair comparison, we also
introduce a so called genie-threshold receiver analogous to the
known genie detector. As a result, we obtain an SNR gain up to
1 dB. Furthermore, with a very low complexity iterative scheme,
by applying our scheme we achieve a turbo cliff for a full rate
6 × 6 16-QAM system at 8.3 dB, which is to our knowledge
unreached by MIMO systems with comparable low complexity.
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Fig. 1: Transmitter
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I. I NTRODUCTION
In [2] and [3] it was shown that adaptive threshold-based
cancellation can significantly improve the performance of a
MIMO (multiple input multiple output) system and clearly
outperforms both, MMSE equalization with ordered successive
interference cancellation (OSIC) as well as MMSE equalization without OSIC. This can be achieved with practically no
overhead in terms of computational complexity. The promising
results and additional refinement of the detection algorithm
give rise to further investigation and optimization of thresholds.
Our approach is based on a coded MIMO transmit model
as depicted in Fig. 1 (Transmitter) and (as one example) the
simple receiver in Fig. 2. But we point out that the presented
analysis and design methods can be applied to any iterative or
non-iterative receiver structure. In addition it is not restricted
to single carrier solutions but can also be applied to MIMOOFDM.
The output of the MMSE channel equalizer can be writ-

We have the following notation: µ is the number of the
detection step and dµ is the symbol number detected in this
step. e
hi,j is the attenuation factor for the channel from antenna
j to antenna i remaining after channel equalization. wdµ
is the MMSE equalization vector for symbol dµ and hj is
the channel response vector from antenna j to all receive
#1

r1-

#j

rj-

#N

rN-

V
B
L
A
S
T

y1

-

yi

-

yM

-

P/S

hard
decision

deinterleaver

-

demapper

D1

E

-⊕ -1
6

A2

−1

-

Π

APP
decoder

interleaver
A1

Π

D20

D2

E2 ?
¾
⊕¾

Fig. 2: Receiver structure
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antennas. n
edµ is the noise at the receiver filtered by the channel
equalizer. ŝj is an hard decided estimate on the actually
transmitted symbol sj . Terms (B), (C), and (D) are unknown
to the receiver and are regarded as interfering noise. The
variances of these three term can be calculated1 for later MAP
decoding. Ddµ contains all symbols that have been cancelled
so far from the receive signal.
The idea of threshold-based adaptive cancellation is to cancel out only those symbols which are recognized to be correct
with high probability. The log-likelihood value of a bit is
known to be a possible reliability measure. Now, as a measure
of reliability of a symbol we take the minimum absolute value
of the log-likelihood values R (s) of the underlying bits of the
symbol (see [2] for details) and apply the decision rule
¡ ¢
• cancel the detected symbol ŝdµ if R ydµ > Rth
• do not cancel otherwise
It follows that the set Ddµ does not only contain the number
of the symbols that have not been detected yet, but also the
number of those symbols that have been detected but rejected
from cancellation due to threshold decision. The main task is
to find the optimum Rth . Tho methods to do so are presented
in the next section.

The solution only depends on three fractions
P

2,genie
and P2,wrong
. The right side only depends on the SNR whereas
the left side depends on the SNR as well as on the threshold Rth . Thus, the solution for the optimum threshold also
depends on the SNR. However, to obtain Rth = α−1 (β) a
lookup table can be used. In similar ways, this scheme can be
extended to systems with more than 2 antennas resulting in
terms that depend on more fractions2 .

B. The mutual information approach
Recently, the EXIT chart technique has been discovered to
be an excellent designing tool for MIMO systems (e.g. [4]).
To reduce BER for the very first pass of the iterative structure,
it is necessary to maximize the extrinsic information IE for
none a priori information IA = 0. EXIT chart analysis shows
that the range of the optimum threshold for a wide range of
different systems only varies in the range of about 1 to 1.4 and
is interestingly nearly independent of the SNR. In addition, the
performance of systems is practically the same for any choice
of threshold in the mentioned range. Therefore, it is possible
to use a fixed threshold for all kind of system constellations.

II. T WO METHODS TO FIND THE OPTIMUM THRESHOLD
For the purpose of this extended abstract we just give a short
derivation. For the moment assume that we have 2 transmit and
receive antennas. Based on the decision rule, let the probability
to cancel the first detected symbol to be p∗ . Let the probability
that this cancellation is advantageous be p∗c and the probability
that this cancellation leads to error propagation is p∗w . Thus,
p∗c + p∗w = p∗ . Now the bit error ratio (BER) of the system
with threshold-based adaptive cancellation is
´
1³
P =
P1 + (1 − p∗ )P2 + p∗c P2,genie + p∗w P2,wrong
2
(2)
where P1 is the BER of the bits of the first detected symbol
only. P2 is the BER of the bits of the second detected symbol
if the first symbol is not deleted. P2,genie is the BER of
the bits of the second symbol if the deletion of the first
detected symbol was correct (i. e. genie cancellation as in
[1]). P2,wrong is the BER of the bis of the second symbol if
the first symbol was wrongly detected
R ∞ and its deletion leads
to error propagation. In (2) p∗c = Rth pc (Rth )dRth , p∗w =
R∞
p (Rth )dRth and p∗ depend on the chosen threshold
Rth w
Rth , where pc and pw are the distributions of the minimum
absolute L-values that lead to correct or wrong cancellation,
respectively. To find the minimum of (2) we have to solve
dP
dRth = 0 leading to
α(Rth , SN R) =

1−

pc (Rth )
=
p(Rth )
1−

III. SIMULATION RESULTS
In Fig. 3 we present the comparison of a regular MMSEBLAST with and without OSIC, the genie-threshold system
and our proposed new threshold-based adaptive cancellation
with Rth = 1.2. Note, that this approach needs no iteration.
Our scheme outperforms both, OSIC as well as no cancellation, though it is less complex than full cancellation. The figure
also shows that the diversity slope obtained by the genie case
is still not reached due to error propagation. In Fig. 4 we
show that it is possible to achieve a turbo cliff SNR of 8.3 dB.
Note, that we only iterate over the demapper and the outer
decoder (see Fig. 2) and do not feed back any information to
the MIMO detection stage.
2 This

is also subject to the final paper.
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1 This calculation is beyond the task of this extended abstract but will be
given in the final paper.
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Fig. 3: BER for M = N = 5, 16-QAM, MMSE, Rth = 1.2
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Fig. 4: BER for iterative M = N = 6, 16-QAM, MMSE,
Rth = 1.2

IV. CONCLUSION
We presented two methods how to obtain the optimum
threshold for adaptive threshold-based cancellation in MIMO
systems. Simulation results show a remarkable gain in performance. In the final paper we derive the given formulas, present
the used EXIT chart design technique in detail, and present
some more results also on other iterative schemes.
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