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ABSTRACT

We focus on the space-time block codes proposed in [1] for
the quasi-static multi-input multi-output (MIMO) Rayleigh fad-
ing channel, referred to as the D-BLAST lattice codes. We pro-
pose a soft decision feedback decoder based on the list imple-
mentation of the sphere decoder to mitigate error propogation and
demonstrate the performance improvements accrued by this de-
coder through simulation results. A power optimization result is
established which can be employed on any full modulation diver-
sity lattice to obtain further performance gains. We examine the
coding gain achieved by the lattice codes and show that in gen-
eral, constructing a full modulation diversity lattice which also
optimizes the coding gain is a challenging problem.

I. INTRODUCTION

It was shown in [2] that the D-BLAST architecture could re-
alize a significant portion of the MIMO outage capacity by em-
ploying single input single output (SISO) component codes. Cod-
ing for the D-BLAST architecture has been considered in [3, 4]
and more recently in [1]. In [1] we proposed the D-BLAST
lattice codes which employ SISO component codes based on al-
gebraic number theory on this architecture. The decoding strategy
involved zero forcing (ZF) or MMSE filtering to obtain the soft
statistics followed by SISO decoding using the sphere decoder
and had a roughlyO(K3) per symbol interval average complexity
at moderate to high SNR for a system withK component codes.
For a system withN receive andK transmit antennas, employing
K SISO constituent full modulation diversity lattice codes, it was
shown through an error probability analysis ( conducted for the ZF
filtering case) that a diversity order ofNK � K(K�1)

2 is achieved
for the frame error probabilty (FEP). The analysis also yielded the
coding gain (obtained earlier as the design criteria in [4]) when
all component codes employed the same full modulation diver-
sity lattice. However, the problem of obtaining full modulation
diversity lattice optimizing the coding gain was not addressed. In
Section VI we examine this problem and show that a large fam-
ily of full modulation diversity lattices is not suitable with respect
to the coding gain criteria. Nevertheless also in Section VI, we
conduct a power optimization which can be used to increase the
coding gain achieved by any full modulation diversity lattice.

A major hinderance in achieving performance improvements
with the D-BLAST architecture is error propagation. [3] ad-
dresses this problem by employing a single trellis code which is
decoded using ZF or MMSE decision feedback detection coupled
with Viterbi decoding through the use of per-survivor processing.
In order to keep the decoding complexity low, we consider soft
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decision feedback detection. Note that for the D-BLAST lattice
codes, error propagation can also be reduced by increasingw, the
width of the diagonal with a corresponding increase in the dimen-
sion of the lattice codes. The drawbacks of this strategy are that
the decoding complexity scales asw2 and the rate loss due to the
initial set up and termination for each frame also increases. Soft
decision feedback detection was also advocated in [5] but no ex-
plicit code design along with the decoding strategy to obtain the
a posteriori probabilities, was suggeted. In Section V using the
structure of our codes, we consider a simple, low complexity tech-
nique to obtain the soft decisions based on the list implementation
of the sphere decoder [6]. Section II presents the channel model
whereas Sections III and IV review the code description and the
decoding respectively.

II. Channel Model

The discrete-time block fading model of a wireless commu-
nication system in a flat fading environment withN receive,K
transmit antennas and a coherence interval ofT symbol periods is
given by

Y =HA1=2X+V : (1)
Y is theN � T received matrix andX is theK � T space-time
block code (STBC). The fading is described by theN �K matrix
H having independent, identically distributed (i.i.d.), zero-mean,
unit variance complex normal (CN (0; 1)) elements. The random
matrixH stays constant forT symbol periods after which it jumps
to an independent value. TheN � T matrix V represents the
additive noise at the receiver and has i.i.d.,CN (0; �2) elements.
The diagonal matrixA is such that the average power transmitted
through transmitterk is proportional toak the kth diagonal ele-
ment ofA. Then, the code matrixX satisfies the power constraint
E[tr(A1=2XXyA1=2 y)] = T . Thus, with our normalizations, the
average received SNR (per receive antenna per symbol interval) is
given by� = 1

�2 .

III. Code Description

The space time block codeX is generated byL component
encoders
1; � � � ; 
L operating independently. Specifically, the
kK length information symbol vector (with either QAM or PAM
symbols as its components)u 2 YkK , with Y � Z[i], where
Z[i] represents the ring of complex integers, is partitioned as
u = [uT1 ; � � � ;u

T
L ]

T whereum 2 YkmK so thatk =
PL

m=1 km.
um = [uTm;1; � � � ;u

T
m;km

]T 1 � m � L is then fed to themth

component encoder
m : YkmK ! SkmK to obtain
m(um) =
[(Mmum;1)

T ; � � � ; (Mmum;km)
T ]T . S represents the output

symbol constellation andMm is theK �K generator matrix ob-
tained through the canonical embeddings of an algebraic number
field [7–9] such thatMm offers full modulation diversity over
Z[i]K i.e. for anyv;w 2 Z[i]K such thatv 6= w and letting



z =Mmv andy =Mmw we have
QK

j=1 jzi � yij > 0. Further
with some abuse of notation, we let
m(um;j) = Mmum;j for
1 � j � km and1 � m � L. In this work no outer code is used
over the entire layer so thatf
m(um;j)g 1 � j � km are essen-
tially independent. Then the output of themth encoder
m(um) is
then fed to themth spatial formatterfm : SkmK ! ~SK�T where
~S = fS; 0g. fm places the elements of
m(um) in aK�T matrix
according toLm the index set of themth layer ( i.e. the index set
for themth component code) and sets the the off-layer elements

to zero. Finally definingXm
4
= fm(
m(um)) the STBCX is

obtained as
X = X1 + � � �+XL (2)

The main space-time formatting (layering) considered in this pa-
per corresponds to the D-BLAST architecture of [2] with the
width of the diagonal set to one. In particular we choose the num-
ber of layers asL = min(N;K) and we assume thatK = rL for
some positive integerr. Then for the D-BLAST layering defining
q = r � 1, we have that

km =

�
T � (m� 1)(q + 1)

K

�
1 � m � L (3)

whereb:c is the standard floor operator. The index set ofmth

layer,Lm 1 is given by
Lm = f(K � g((t� (m� 1)(q + 1)) mod K) + 1; t) :

1 � t� (m� 1)(q + 1) � kmKg (4)
whereg(:) is defined as

g(n) =

�
K if n = 0
n else

(5)

It can be noted that the rate of the code in bits per channel use is
given byR = kKlog(jYj)

T . For typical values of the frame length
in a quasi static channel ( a few hundred symbol intervals) the rate
loss due to the initial set up and termination can be ignored and
we have thatkKT � L. Thus forL = K the code entails almost no
loss in spectral efficiency and transmitsK symbols per channel
use i.e. at nearly ’full rate’ in the terminology of [10]. Further
note that even the codes of [10, 11] transmit at mostmin(N;K)
symbols per channel use in order to avoid exponential complexity
in the decoding.

IV. Decoding

The decoding of the D-BLAST lattice codes by using the ZF
as well as the MMSE filter has been discussed in [1]. Since the
diversity order result and the coding gain expression are derived
for the ZF filter case, we briefly describe the decoding for this
case. For notational convenience, we focus on the scenarioN �
K andL = K. We first obtain the QR decomposition of the
fading matrixH asH = UQwhereQ is aK�K lower triangular
matrix and theN �K matrixU satisfiesUyU = I. Without loss
of generality, we assume that the matrixQ has positive diagonal
elements. The received vector at timet, Yt (the tth column of
the received matrixY in (1)) is pre-multiplied byUy, to obtain
Zt = UyYt. Then we letxjm = 
m(um;j) 1 � m � K; 1 �

j � km with xjm;l 1 � l � K denoting thelth component of

xjm and defineW
4
= UyV. Further we letZk;l, Qk;l andWk;l

denote the(k; l)th elements ofZ, Q andW respectively. The

1(a; t) 2 Lm means that the symbol transmitted at thetth interval through
transmittera belongs to layerm

vector of soft statistics for decodingx11 = 
1(u1;1) is then given

by ~z11
4
= [ZK;1; � � � ; ZK�k+1;k; � � � ; Z1;K ]T . Then defining~Q =

diagfQK;K ; � � � ; QK�l;K�l; � � � ; Q1;1g, and
~A = diagfaK ; � � � ; aK�l; � � � ; a1g

~w1 = [WK;1; � � � ;WK�k+1;k; � � � ;W1;K ]T

we can expand~z11 as

~z11 = ~Q ~A1=2M1u1;1 + ~w1 4
=G1

ZFu1;1 + ~w1 (6)
Note that the noise vector~w1 has i.i.dCN (0; �2) elements. The

sphere decoder [12] is used on the soft statistics (6) withG1
ZF as

the equivalent generator matrix, to obtainû1;1, the decision for
u1;1. As noted in [9], the expected complexity of the sphere de-
coder (at moderate to high SNR) isO(K3). Further as in the case
of [9], due to the form of (6), using the sphere decoder with a real
generator matrixM1 is about4 times less complex than that with
a complex matrixM1 but the resulting performance is generally
poorer. Withû1;1, we obtainM1û1;1 which is fed back. The de-
coding of
2(u2;1); � � � ; 
K(uK;1); 
1(u1;2); � � � is done assuming
perfect feedback, in a similar manner and the process continues till
the entire frame is decoded.2 It can be verified that the expected
implementation complexity (per symbol interval) at moderate to
high SNR is of the orderO(K3) which compares favourably to
theO(K5) complexity for the codes of [10,11].

V. Soft Decision Feedback decoding

In order to mitigate error propagation effects, in this section we
consider a soft decision feedback decoder. Again for notational
convenience, we assume thatN � K and thatL = K. Consider

the decoding ofxjm = 
m(um;j). We letC
4
= HA1=2 and let

Xl denote thelth column ofX with Xk;l denoting the(k; l)th

element ofX. Further, we assume thatxjm occurs in the block
codeX in the intervalt to t+K � 1 i.e. we have that

XK�k+1;t+k�1 = xjm;k 1 � k � K : (7)

We define�k;l
4
= E[Xk;l] and�k;l

4
= E[jXk;l � �k;lj2] to be

the mean and variance ofXk;l respectively. The a-priori mean
values are equal to zero and the a-priori value of the variance�k;l
is denoted by�k;l. TheK soft statistics for decodingxjm are then
obtained as

zjm;k = Fyk

 
Yt+k�1 �

K�kX
l=1

Cl�l;t+k�1

!
1 � k � K (8)

whereYl andCl denotes thelth column ofY andC respectively
. The filterFk is given by

Fk =
�
�2I+CB(k;t)C

y
��1

CK�k+1 (9)
with the matrixB(k;t) being,

B(k;t) = diagf�1;t+k�1; � � � ; �K;t+k�1g (10)
Note that in the matrixB(k;t) the variances�j;t+k�1; K�k+1 �
j � K are set to their a-priori values�j;t+k�1. The soft statistics
are then modified to obtain,

~zjm;k =
zjm;k exp(�i�k)s

�2FykFk +
X

l 6=K�k+1

jFykClj
2�l;t+k�1

(11)

2Decoding the diagonal sections corresponding to the frame termination require
some straightforward modifications



where,FykCK�k+1 = jFykCK�k+1j exp(i�k). Then, letting

Æjm;k

4
=

jFy
k
CK�k+1jq

�2Fy
k
Fk+
P

l6=K�k+1 jF
y
k
Clj2�l;t+k�1

; 1 � k � K, we

can simplify (11) as
~zjm;k = Æjm;kx

j
m;k + ~�jm;k : (12)

Further, we let~zjm = [~zjm;1; � � � ; ~z
j
m;K ]T , ~�jm = [~�jm;1; � � � ; ~�

j
m;K ]T

and Gj
m = diagfÆjm;1; � � � ; Æ

j
m;KgMm to obtain the vector

model,
~zjm = Gj

mum;j + ~�jm (13)
We assume the vector~�jm to have i.i.dCN (0; 1) elements. The
vector~zjm is fed to the sphere decoder which usesGj

m as the ef-
fective generator matrix to obtain a list ofNc closest points to
the vector~zjm. We let v̂s; 1 � s � Nc denote the information
symbol vectors obtained so thatfGj

mv̂sg; 1 � s � Nc are the
Nc closest points obtained. Note that this list implementation re-
quires a simple modification [6] and as claimed in [6] results in
only a small increase in complexity. Further, the squared distances
jj~zjm�G

j
mv̂sjj

2 are obtained as a by product of the algorithm. The
decisionûm;j is given as

ûm;j = arg min
v̂s:1�s�Nc

jj~zjm �Gj
mv̂sjj

2 (14)

Then, definingŵs = Mmv̂s; 1 � s � Nc we obtain the a-
posteriori probabilities3 as,

Pr(xjm = ŵsj~z
j
m) =

exp(�jj~zjm �Gj
mv̂sjj

2)PNc

l=1 exp(�jj~z
j
m �Gj

mv̂ljj2)

1 � s � Nc (15)
Further, lettingŵk;s deonte thekth 1 � k � K component of
ŵs we note that since full modulation diversity lattices are used
for each layer we have that the eventxjm;k = ŵk;s is identical to

the eventxjm = ŵs and hencePr(xjm;k = ŵk;sj~zjm) for 1 � s �
Nc are also given by (15). Based on the a-posteriori probabilities
Pr(xjm;k = ŵk;sj~zjm) where1 � k � K and1 � s � Nc we
obtain the new vales of the means and variances�K�k+1;t+k�1

and�K�k+1;t+k�1 for 1 � k � K, which are then used to decode
the subsequent diagonals.

VI. Error Probability Analysis

An error probability analysis was conducted for the D-BLAST
lattice codes decoded using the ZF filter, in [1]. We briefly present
the main results which will then be used in sub-sections VI-A and
VI-B. For convenience, we consider aK transmit antenna system
with K layers andN � K. We expand the average FEP obtained
using the ZF filter and denoted byPr(E) as

Pr(E) = Pr(E1 [ E2 � � � [ EK) ; (16)
with Pr(Em) being the average error probabolity of layerm. Fur-
ther using the arguments developed in [1], we have

Pr(E) = Pr(Eg1 [ E
g
2 � � � [ E

g
K) ; (17)

wherePr(Egm) denotes the average error probability of layerm
(component codem) under perfect feedback. Then the pair wise
error probability (PWEP) betweenxm = 
m(um) and sm =

m(vm) corresponding to themth; 1 � m � K layer in a genie
aided system can be upper bounded as

Pr(xm ! sm) �

1

(1 +
aK
Pkm

j=1
jxjm;1�s

j
m;1j

2

4�2 )N � � � (1 +
a1
Pkm

j=1
jxj
m;K

�sj
m;K

j2

4�2 )N�K+1

3Note that the following simple rule is used due the absence of any outer code

Note that using a full modulation diversity lattice for layerm
guarantees that for every pair(xm; sm),

Pkm
j=1 jx

j
m;l � sjm;lj

2 >
0 1 � l � K, hence the diversity order achieved forPr(Egm)
doted byDm is given by
Dm = N+N�1+ � � �+N�K+1 = NK�

K(K � 1)

2
(18)

Thus if each layer uses a full modulation diversity lattice, we have
from (17) that sincePr(Egm) � Pr(E) �

PK
k=1 Pr(E

g
k ), the di-

versity order achieved for the FEP denoted byD is also given by
(18). Further from [1], we define the coding gain for layerm as

min
ym=Mmtm;zm=Mmrm

tm 6=rm;tm;rm2YK

�
(1 + aK�1)

N � � � (1 + a1�K)N�K+1
�1=Dm

(19)
where�l; 1 � l � K is given as

�l =
jym;l � zm;lj2

4�2
(20)

Note that due to the symmetry resulting from the D-BLAST layer-
ing considered here, the pairwise error analysis conducted above
is valid for all layers and hence the design criteria for choosing
the optimum generator matrix according to (19) remains the same
across all layers and we thus assumeM = Mm; 1 � m � K.
Further, in this paper we focus on the high SNR regime and obtain
the coding gain for the system as,

min
y=Mt;z=Mr

t6=r;t;r2YK

( aNK � � � aN�K+1
1 )1=D (21)

�
jy1 � z1j2N=D � � � jyK � zK j2(N�K+1)=D

4�2

A. Power Optimization

We now consider the problem of maximizing the coding gain
(21) by optimally selecting the coefficientsak; 1 � k � K. Since
the power constraint considered isE[tr(A1=2XXyA1=2 y)] = T ,

we assume thatT along with the valueswk
4
= E[XkXk y]; 1 �

k � K, whereXk is thekth row ofX, have been provided. Then,
we consider the maximization problem

max
a1;���;aK :ak>0 1�k�K;

PK
k=1

wkak=T

�
aN�K+1
1 � � � aNK

�1=D
(22)

We first transform the problem in (22) to a convex optimization
problem. Note that since0 < N�k+1

D < 1; 1 � k � K,

a
N�k+1

D
m is a concave funtion ofam for am > 0. Further the geo-

metric mean(x1 � � �xK)1=K is a concave function ofx1; � � � ; xK
for xk > 0; 1 � k � K. Then using the results on concav-
ity of composite functions [13], it can be verified that the func-
tion (aNK � � �aN�K+1

1 )
1
KD is a concave function of its arguments

when eachak > 0. Hence we consider the equivalent concave
maximization problem

max
a1;���;aK :ak>0 1�k�K;

PK
k=1

wkak=T

�
aN�K+1
1 � � � aNK

� 1
KD (23)

Now since any solution to the Kuhn-Tucker (KT) conditions [13]
for (23) is also an optimum solution, employing the KT conditions
we obtain the optimum values ofak where1 � k � K denoted
by a�k as

a�k =
(N �K + k)T

wkD
1 � k � K (24)

Further lettingjjmkjj2 denote the squared norm of thekth row of
M, sincewk = cjjmK�k+1jj2 wherec is a constant, using (24) in
(21) we obtain the new coding gain expresion as

min
y=Mt;z=Mr

t6=r;t;r2YK

~c

�
jy1 � z1j

jjm1jj

�2N=D

� � �

�
jyK � zK j

jjmK jj

�2(N�K+1)=D

(25)

where~c is a constant involving the given parametersN;K; T , �2

and the average energy of constellationY



B. Optimum Lattice

We now consider the problem of determining the optimum full
modulation diversity lattice, which maximizes the coding gain
(25). We seek to construct a full modulation diversity lattice that
is good ( i.e. yields a large coding gain) for a range of input con-
stellation sizesjYj whereY � Z[i]. Note that such an approach
may not yield a lattice optimum with respect to a particular in-
formation constellationY , but an exhaustive search for generator
matrices maximizing (25) rapidly gets intractable for even moder-
ate values ofjYj andK. Hence we first consider the term

XM = inf
v2�
v 6=O

jv1j
2N=D � � � jvK j

2(N�K+1)=D (26)

where� is the lattice generated asMZ[i]K . We seek to obtain
a family of matricesfMg with XM > 0. Note thatXM may
be thought of as the unnormalized coding gain obtained withM.
A similar approach for finding good lattices for the perfectly in-
terleaved Rayleigh fading, single transmit antenna channel was
adopted in [7, 14] and more recently in [15]. The unnormal-
ized coding gain expression for that channel involves the mini-
mum product distance defined as

min
v2�
v 6=O

jv1j
2 � � � jvK j

2 (27)

For both the cases� =MZK and� =MZ[i]K [7, 14, 15] pro-
vide full modulation diversity lattices obtained through canonical
embeddings of algebraic number fields, which ensure (27) has a
value equal to1. After ensuring a non-zero value of (27), [14,15]
maximize the coding gain by minimizing the average energy. Un-
fortunately for our channel for generalN andK, as proved in
the theorem below, for a large family of full modulation diversity
lattices, (26) is equal to0 and finding full modulation diversity
lattices which ensure a non-zero value of (26) with� =MZ[i]K

is a hard problem. We letF be an algebraic number field of di-
mensionK overQ (Q denotes the field of rational numbers) and
consider the case� = MZ[i]K . Let OF denote the ring of al-
gebraic integers ofF and!1; � � � ; !K be an integral basis so that
OF = Z!1 + � � � + Z!K and�1(:); � � � ; �K(:) be theK canon-
ical embeddings ofF to C. We assume that the signature ofF
is (s; t) i.e. �1(:); � � � ; �s(:) correspond to the real embeddings
and the rest to complex conjugate pairs4 and letN (�) denote the
norm of� 2 F . Further, in order to ensure full modulation diver-
sity we assumes � 1 so thatQ(i) is not a sub-field ofF [15].
We let�(:) be a permutation operator onf1; � � � ;Kg so that the
generator matrixM is constructed asMjk = ��(j)(!k). Then we
have,
XM � X 0

M = inf
�2OF
�6=O

j��(1)(�)j
2N=D � � � j��(K)(�)j

2(N�K+1)=D

= inf
�2OF
�6=O

�
j�1(�)j

�1 � � � j�s+t(�)j
�s+t

�2=D
(28)

where sinceN � K we have�k � 1; 1 � k � s and�k �
2; s+ 1 � k � s+ t.

Theorem 1:X 0
M

= 1 if and only if �k = � for all 1 � k � s
and�k = 2� for all s+ 1 � k � s+ t, where� is some positive
integer. For all other casesX 0

M
= 0.

Proof: Note that if the condition is satisfied thenX 0
M =

inf �2OF
�6=O

jN (�)j2�=D = 1. Now suppose the condition is vio-

lated. Let2�m = minf2�1; � � � ; 2�s; �s+1; � � � ; �s+tg for some

4Note thatK = s+ 2t

1 � m � s. 5 Then lettingf�g denote the group of units ofOF

we have

X 0
M � inf

�2f�g

0
B@ sY

j=1

j 6=m

j�j(�)j
�j��m

s+tY
k=s+1

j�k(�)j
�k�2�m

1
CA

2=D

(29)

Now let l(�) = [ln j�1(�)j; � � � ; ln j�s(�)j; � � � ; ln j�s+t(�)j2] de-
note the logarithimic representation of� 2 f�g. Then using the
property that the groupfl(�) : � 2 f�gg forms afull lattice in the

subspaceL
4
= f[�1; � � � ; �s+t] 2 Rs+t :

Ps+t
k=1 �k = 0g [16], we

can readily show that the right hand side of (29) and henceX 0
M

is
equal to0.

Note that as an immediate consequence of the theorem we have
XM = X 0

M
= 0 whenevers > 1, since then the condition

required in the theorem is always violated. In general even if
X 0
M

> 0, ensuring that the lattices also yieldXM > 0 is still
an open problem. Further for the simple case withs = 1 and
� =MZK we can readily find a permutation to satisy the condi-
tion of the theorem and since hereXM = X 0

M
we haveXM = 1.

In this paper we restrict our attention to the full modulation di-
versity lattices provided in [7,15]. Through simulation examples
we show the performance improvements obtained through power
optimization done on those lattices. Hence the error probabilities
provided here serve as an upper bound to the best attainable error
rates.

VII. Simulation Results

FEP comparisons between the D-BLAST lattice codes and the
codes of [10, 11] have been carried out in [1] for various values
ofN andK at different spectral efficiencies. It was shown that the
performance achieved by the D-BLAST lattice codes was gener-
ally close to that achieved by the codes of [10, 11] but at a lower
decoding complexity. Here we demonstrate the further improve-
ments that can achieved with the D-BLAST lattice codes through
soft decision feedback and power optimization. In Fig. 1 we plot
the average symbol error probability (SEP) of a D-BLAST lat-
tice code for a three transmit and receive antenna (N = K = 3)
example with three layers. The3 � 3 complex cyclotomic rota-
tion [7] is chosen as the full modulation diversity generator ma-
trix for all the layers and we setA = cI wherec is the normal-
izing constant. The information symbol constellationY � Z[j]

wherej
4
= exp(i2�=3), has size4 and the frame length consid-

ered isT = 102 symbol intervals so that the total rate is (almost)
6 bits per channel use (PCU)6. The SEPs achieved on using the
ZF as well as the MMSE filter are plotted. Also plotted is the
SEP achieved by the soft decision feedback decoder of Section
V with Nc = 16. Note that at the SEP of10�3 the soft deci-
sion feedback decoder gains about1 and3 dB compared to its
MMSE and ZF couterpart respectively. To demonstrate the ben-
efits of power optimiztion presented in Section VI, we consider
a system withN = K = 2 and two layers in Fig 2. The gen-
erator matrix used is the2 � 2 complex cyclotomic rotation [7].
The symbol constellationY � Z[i] is taken to be the rectangu-
lar 4 QAM constellation withT = 200 symbol intervals so that

5The case�m = minf2�1; � � � ; 2�s; �s+1; � � � ; �s+tg, s+ 1 � m � s+ t
can be handled similarly
6The actual rate is about5:88 bits PCU due to the set up and termination loss.



the total rate is (almost)4 bits PCU. We plot the FEP achieved
by using the ZF filter, for three choices of the matrixA given
by, A1 = c � diagf4=5; 1=5g,A1 = c � diagf3=4; 1=4g and
A� = c � diagf1=3; 2=3g wherec is the normalizing constant
andA� denotes the optimal choice. Note that the diversity order
of all the FEPs is3 and at the FEP of10�2 the optimized design
gains about1:3 and2 dB compared to the design withA2 andA1

respectively.

VIII. CONCLUSION
We considered the D-BLAST lattice codes and proposed a sim-

ple low complexity soft decision feedback decoder based on the
list implementation of the sphere decoder, to mitigate error pro-
pogation. We established a power optimization result which can
be employed on any full modulation diversity lattice to obtain
performance gains and examined the problem of obtaining opti-
mum full modulation diversity lattices for the D-BLAST lattice
codes. Performance gains measured in terms of SEP and FEP
were demonstrated through simulation results.
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