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Abstract — We propose a new technique for designing de-
cision feedback detectors (DFDs) wherein the per-symbol de-
cision rules are obtained by exploiting modulation constraints.
We present our results in the context of the multi-input, multi-
output (MIMO) Rayleigh fading channel with N receive andK
transmit antennas. Three cases are considered to illustrate our
technique where all the transmitters employ real-valued pulse-
amplitude modulation (PAM), or phase-shift keying (PSK), or
complex quadrature amplitude modulation (QAM). In each case,
the corresponding per-symbol decision rule is obtained by impos-
ing the modulation constraint on a generalized likelihood func-
tion maximization problem. For the case when all transmitters
employ PAM, we show that the resulting DFD (the PAM-DFD)
is equivalent to the decorrelating decision feedback detector (D-
DFD) when the latter is used on a modified received statistic. We
derive the exact joint and symbol error probability (JEP, SEP)
for the PAM-DFD and show that the (possibly fractional) diver-
sity orders of both the JEP and SEP are equal toN � K�1

2
. This

greatly improves on the diversity order ofN �K + 1 of the con-
ventional D-DFD which does not exploit the real modulation con-
straint. We also derive the PSK-DFD and the QAM-DFD for the
cases when all transmitters employ PSK and QAM, respectively,
and show that these detectors result in significant performance
improvements over the conventional D-DFD as well.

I. SYSTEM MODEL

The discrete time model of an uncoded wireless communication
system in a flat fading environment withN receive andK transmit
antennas (N � K) is given by

y = HW1=2
b+ v : (1)

y is theN � 1 received vector andb = [b1; � � � ; bK ]T contains the
K transmitted symbols. The symbolbk is transmitted by thekth

transmitter and belongs to a normalized (to unit average energy) con-
stellationFk of sizeMk. The fading is described by theN � K

matrix H having independent, identically distributed (i.i.d.), zero-
mean, unit variance complex normal elements. The random matrix
H is assumed to be perfectly known to the receiver and unknown to
the transmitters. TheN � 1 vectorv represents the additive noise at
the receiver and has i.i.d., zero-mean, complex normal elements each
with variance�2. W is aK �K diagonal matrix such that the av-
erage power transmitted through transmitteri iswi, theith diagonal
element ofW.

II. D ECISION FEEDBACK DETECTIONUNDER MODULATION

CONSTRAINTS

In the following we obtain the decision rule for the transmitter de-
tected first, and the decision rules for the subsequent transmitters are
derived in a similar manner after feedback. In particular, we pro-
pose the maximization of the generalized likelihood function under
the modulation constraints. Without such constraints, the maximum
generalized likelihood decision rule for transmitter1 would be

b̂1 = arg min
x12F1

min
x�1
2ICK�1

jjy �H1

p
w1x1 �H�1W

1=2
�1
x�1jj2
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whereH is partitioned asH = [H1 H�1]. This unconstrained mini-
mization results in the conventional decorrelating DFD (D-DFD) (aka
the nulling/cancelling receiver). In an earlier work [1], the exact JEP
and SEP obtained by the conventional D-DFD were derived and the
diversity orders of both JEP and SEP were shown to beN �K + 1.

In the case where all transmitters employ PAM symbols, it is sug-
gested that the decision rule with the real constraint be

b̂1 = arg min
x12F1

min
x�1
2IRK�1

jjy�H1

p
w1x1 �H�1W

1=2
�1
x�1jj2 :

It can be shown [2], that the resulting PAM-DFD is equivalent to
the D-DFD operating on the model~y = ~HW1=2b + ~v where~y =
[RefygT ImfygT ]T and ~H = [RefHgT ImfHgT ]T . Further the
exact JEP and SEP can be derived and the diversity orders of both can
be shown to equalN � K�1

2
. Note that thereal constraint imposed

to derive the PAM-DFD results in a substantial diversity order gain
when compared to the conventional D-DFD.

We next consider the case when all transmitters use PSK modula-
tion. We suggest the decision rule with the new constraint to be

b̂1 = arg min
x12F1

min
x�1

:x
y
�1
x�1

=K�1

jjy�H1

p
w1x1 �H�1W

1=2
�1
x�1jj2 :

This minimization problem has a convex objective function but a non-
convex constraint. An analytical solution can be obtained using the
results in [3] and a low-complexity implementation based on the
Newton-Raphson method is presented in [2].

Finally, when all transmitters employ QAM modulation, the deci-
sion rule proposed is

b̂1 = arg min
x12F1

min
x�1

:x
y
�1
x�1
�A

jjy �H1

p
w1x1 �H�1W

1=2
�1
x�1jj2

whereA is a constant determined by the QAM constellations. The
convex minimization involved can be solved using the Kuhn-Tucker
conditions.
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Fig. 1. JEPs for a six-transmit, six-receive antenna system at total rate12 bits per channel
use andW = I. The JEPs using the conventional D-DFD when all transmitters transmit
4-PAM and 4-QAM respectively are plotted. Also plotted is the JEP using the PAM-DFD
when all transmitters transmit 4-PAM.


