
Full Diversity Unitary Space-Time Bruhat Constellations

Terasan Niyomsataya
School of Information

Technology and Engineering
University of Ottawa

Ottawa, Canada K1N 6N5

e-mail: tniyomsa@site.uottawa.ca

Ali Miri
School of Information

Technology and Engineering
University of Ottawa

Ottawa, Canada K1N 6N5

e-mail: samiri@site.uottawa.ca

Monica Nevins
Department of Mathematics

and Statistics
University of Ottawa

Ottawa, Canada K1N 6N5

e-mail: mnevins@uottawa.ca

Abstract — In this paper, we present a new design of
constructing full diversity unitary constellations using
differential space-time modulation for any number of
transmitter and receiver antennas. These constella-
tions are constructed from a Bruhat decomposition
which allows us to choose disjoint non-overlapping
cosets of a unitary diagonal subgroup in such a way
that full diversity is preserved. Simulations show that
our Bruhat constellations perform well in unknown
Rayleigh fading channel.

I. Introduction

Differential unitary space-time modulation [2, 3] was proposed
for use with an unknown fading channel. Consider a multiple-
antenna system in a Rayleigh fading channel. Let M be the
number of transmitter antennas, and V = {Vl}L−1

l=0 be a signal
constellation, a set of M × M unitary matrices. The design
problem of differential unitary space-time modulation is to
maximize the minimum value of the distance

d(l, l′) = | det(Vl − Vl′ )| ≥ 0, (1)

for all distinct Vl, Vl′ ∈ V. A constellation V for which
d(l, l′) > 0 for all l 6= l′ is said to have full diversity. The
diversity product (as defined in [2, 3, 7]) of a constellation V
is calculated by

ζV =
1

2
min
l,l′

d(l, l′)
1

M ; (2)

this term is used to compare different constellation designs.
It has been shown that the finite simple unitary groups hav-
ing full diversity are the fixed-point free groups [7]. It has
also been proven that U(1) and SU(2) are the only two infi-
nite full diversity unitary groups [1]. The application of the
Bruhat decomposition to the design of a full diversity unitary
subgroup constellations of U(2) and U(4) was first introduced
in [5] using a method which was developed for 2 and 4 trans-
mitter antennas respectively, but which is not applicable to
an odd number of transmitter antennas.

In this paper, we present a new Bruhat decomposition de-
sign for constructing full diversity unitary space-time constel-
lations for any number of transmitter and receiver antennas.
A Bruhat constellation V is constructed from M cosets of a
unitary diagonal subgroup D, and our design has a particu-
larly simple structure when M is prime. Although our Bruhat
constellation is not a group, we show that it is extremely sym-
metric in that the minimum value of d(l, l′) can be determined
by checking only L−1 distinct elements in V which is compara-
ble to a group constellation. Simulations show that proposed
Bruhat constellations perform well in unknown fading chan-
nel, and also outperform constellations obtained from cyclic
groups.

II. Differential Unitary Space-Time

Modulation

Consider a multiple-antenna system in a Rayleigh flat fading
channel with M transmitter and N receiver antennas. The
M × N received signal matrix Xτ is

Xτ =
√

ρSτHτ + Wτ , τ = 0, 1, . . . (3)

where Sτ is the M × M transmitted signal matrix, Wτ is the
M × N additive noise matrix and Hτ is the M × N channel
matrix. The fading coefficients of a channel matrix and the
additive noise on receiver antenna are independent complex
Gaussian variables with mean zero and variance one, CN (0, 1).
Here ρ is the SNR at each receiver antenna. Let Vzτ be an
M × M unitary message matrix at block τ which is chosen
from an alphabet zτ ∈ {0, 1, . . . , L − 1}. The date rate is
R = log2 L/M . In differential unitary space-time modulation,
the transmitted signal matrix is

Sτ = Vzτ Sτ−1 (4)

with S0 = IM where IM is an M ×M identity matrix. We as-
sume that the channel matrix is constant over two consecutive
time periods, that is Hτ ≈ Hτ−1. Then the received signal
matrix of (3) can be written as

Xτ = Vzτ Xτ−1 +
√

2W ′
τ (5)

where W ′
τ is also independent CN (0, 1). The ML decoder is

used for decode a message ẑτ to be

ẑτ = arg min
l=0,1,...,L−1

‖Xτ − VlXτ−1‖. (6)

III. Mathematical Preliminaries

Let SM denote the symmetric group of order M , that is, the
group consisting of all permutations of M elements. We use
the notation (123) to denote the cycle sending 1 → 2 → 3 →
1; every element of SM may be decomposed uniquely into a
product of disjoint cycles. Of particular interest to us is the
cycle ω = (12 · · ·M). For i > 1, the permutation ωi need not
to be a single cycle. Set g = gcd(i, M) and b = M/g. Then
we may compose

ωi = σ1 σ2 · · · σg (7)

where σr is the cycle (r, r ⊕ i, r ⊕ 2i, · · · , r ⊕ (b − 1)i) where
we write r ⊕ k for the result of adding k to r mod M .

The group SM has a natural representation on C
M , called

the permutation representation, in which each element τ ∈ SM

is realized as the M × M matrix of the linear transformation
which permutes the standard basis vectors e1, e2, ... eM of C

M

according to τ . For example, in S3, the permutation τ = (123)



sends e1 to e2, e2 to e3 and e3 to e1. Hence under the natural
representation, we identify τ with the (unitary) matrix

τ =





0 1 0
0 0 1
1 0 0



 . (8)

The symmetric group has a special relationship with the gen-
eral linear group GL(M) (that is, the group of all invertible
M × M matrices) defined by the Bruhat decomposition. The
Bruhat decomposition of GL(M) is the disjoint union of dou-
ble cosets

GL(M) =
⋃

τ∈SM

BτB (9)

where B denotes the subgroup of all invertible upper trian-
gular matrices, and τ is written in its natural representation.
Whereas the group B is not unitary, it contains the subgroup
T of diagonal unitary matrices. Restricting to T in equation
(9) defines a unitary subgroup of GL(M). A quick calculation
reveals that the double coset TτT is equal to the left coset τT
for any τ ∈ SM . This defines an infinite unitary subgroup of
GL(M), SM n T (a semi-direct product) as:

SM n T =
⋃

τ∈SM

TτT =
⋃

τ∈SM

τT. (10)

This subgroup does not have full diversity, however, since T
itself does not. Thus to obtain a full diversity constellation,
we restrict to a full diversity subgroup of T and then construct
our (nongroup) constellation from its cosets.

IV. Unitary Bruhat Constellation

In this section, we present the design of a full diversity
unitary Bruhat constellation for any number of transmitter
antennas using a Bruhat decomposition as given in equation
(10).

A. Design Preliminaries
Let M be the number of transmitter antennas. We first con-
struct a cyclic subgroup D of unitary diagonal matrices, whose
cosets will form the constellation. We choose this subgroup, of
order |D| = LD, subject to two constraints, (C1) and (C2),
given below. For each l ∈ {0, 1, . . . , LD−1}, write the element
Dl ∈ D as

Dl = diag(d1, d2, . . . , dM ). (11)

Then each dk = ej2πuk l/LD , for some choice of uk ∈
{1, 2, . . . , LD − 1}. For each i ∈ {1, 2, . . . , M − 1}, we require
(C1)

dr · dr⊕i · dr⊕2i · · · dr⊕(b−1)i = 1 (12)

for each r ∈ {1, 2, . . . , g = gcd(i, M)}, where b = M/g and ⊕
denotes addition modulo M . (This condition arises from the
decomposition of ωi into disjoint cycles, as given in (7), and
is used in the proof of Theorem 1, below.) Further, choose D
to be a subgroup with full diversity, that is, such that (C2)

dD(l, l′) = det(Dl − Dl′ ) > 0 (13)

for all 0 ≤ l, l′ < LD. In terms of the parameters uk, the con-
straints (C1) and (C2) may be rephrased as the requirement
that

ur + ur⊕i + ur⊕2i + · · · + ur⊕(b−1)i ≡ 0 mod LD (14)

for each 0 < i < M and for each 1 ≤ r ≤ g, and that each uk

is relatively prime to LD. This latter condition is equivalent
to (C2): for suppose instead that gcd(uk, LD) = t > 1 for
some 1 ≤ k ≤ M . Then dl

k = 1 with l = LD/t < LD,
which implies det(D0 − Dl) = 0, so that (13) fails. (One can
also prove the converse; see [6] for details.) For example,
when M = 3, we must choose Dl = diag(d1, d2, d

−1
1 d−2

2 ) =
diag(ej2πu1l/LD , ej2πu2l/LD , e−j2π(u1+u2)l/LD ). This will give
a full diversity constellation only if u1, u2 and u1 + u2 are
relatively prime to LD. For example, we can choose LD to be
prime. In practice, one chooses the values of uk, subject to
(C1) and (C2), which maximize the minimum value of (13)
over all l 6= l′, by exhaustive search.

B. Design of a Full Diversity Unitary Bruhat Constellation
We may now define the unitary Bruhat constellation. Set

λ = e2πj/M2

, and let ω be an M × M matrix representing
the full permutation (123 · · ·M) in the natural representation.
This cycle has the property that ωi has no fixed points for
any i ∈ {1, 2, . . . , M − 1}. Consequently, the positions of the
nonzero entries in ωi, or equivalently, in ωiD, are entirely
disjoint from those for ωj for any i 6= j. Our proposed unitary
Bruhat constellation V is a subset of Sn n T , given by the
disjoint union of sets of unitary matrices defined by

V =
M−1
⋃

i=0

λiωiD. (15)

Since equation (12), with i = 1, implies that det(D) = 1 for
all D ∈ D, it follows that

det(λkωkD) = ±e2πjk/M (16)

for all k ∈ {0, 1, . . . , M − 1}.

Theorem 1: The Bruhat constellation V has order LDM and
rate log2(LDM)/2. It has full diversity whenever D does. The
value of the diversity product (2) ζV will equal

ζV = min
1≤i<M

(

ζD,
1

2
|λib − 1| 1b

)

, (17)

where ζD denotes the diversity product of D and for each i, we
set b = M/gcd(i, M). The term ζD may be computed explicitly
in terms of the parameters ui as

ζD =
1

2
min
l′,l′′

dD(l′, l′′)
1

M (18)

= min
l=1,2,...,LD−1

∣

∣

∣

∣

∣

M
∏

i=1

sin
πuil

LD

∣

∣

∣

∣

∣

1

M

. (19)

Proof : One computes the order and rate directly. Recall
that the diversity product depends on the minimum value of
the distance (as defined in (1)) between two elements of V.
From the definition of V as a disjoint union of cosets in (15),
it follows that the calculation of the distance d(l, l′) may be
broken into two cases: the same coset case, when Vl and Vl′

lie in the same coset λiωiD; and the distinct coset case, when
Vl and Vl′ lie in two different cosets.

i) Same Coset (sc) Case: Suppose Vl, Vl′ ∈ V lie in the same
coset λiωiD. Then we can write Vl = λiωiD and Vl′ = λiωiD′

for some D, D′ ∈ D. We compute dsc(l, l
′) = | det(λiωiD −



λiωiD′)| = | det(λiωi)|| det(D − D′)| = | det(D − D′)|. Thus
the minimum value of dsc(l, l

′) equals the minimum distance
between two elements of D. Hence, in order to have dsc(l, l

′) >
0, it suffices to require the full diversity of the subgroup D.

ii) Distinct Coset (dc) Case: Suppose now that Vl, Vl′ ∈ V
lie in distinct cosets; say Vl = λkωkD and Vl′ = λjωjD′, k < j
for some D, D′ ∈ D. Then as above, we may restrict ourselves
to the case where Vl ∈ D and Vl′ ∈ λiωiD, since | det(λkωkD−
λjωjD′)| = | det(λkωk)|| det(D − λj−kωj−kD′)| = | det(D −
λj−kωj−kD′)|. To compute ddc explicitly, we proceed follows.
Recall the decomposition of ωi into disjoint cycles given in
(7). Let S̃i be the set of all possible permutations which
can be formed from the set of disjoint cycles {σ1, σ2, . . . , σg}
using each cycle at most once. For example, in the sym-
metric group S6 with i = 2, we have ω2 = (135)(246) so
S̃i=2 = {I, (135), (246), (135)(246)}. In general, |S̃i| = 2g .
For σ ∈ S̃i, write ]σ for the number of disjoint cycles occuring
in σ. Then, as proven in [6], the distance between Vl and Vl′

in this case can be computed as

ddc(l, l
′) = | det(D − λiωiD′)| (20)

= |
∑

σ∈S̃i

(−1)]σλ]σ·i·b
M
∏

j=1

dσ
j |. (21)

Here we have defined dσ
j to be equal to dj if σ(j) = j and d′

j if

σ(j) 6= j. Our constraint (C1) thus implies
∏M

j=1 dσ
j = 1. For

each value of k, 0 ≤ k ≤ g, there are ( g
k ) elements σ ∈ S̃i with

]σ = k. Thus to evaluate this expression,we may sum over k,
to yield

ddc(l, l
′) = |

g
∑

k=0

( g
k ) (−1)kλkib| (22)

= |λib − 1|g . (23)

Finally, note that since i < M and b = M/g < M , we have
that ib < M2. Hence λib 6= 1 for any i, and thus ddc(l, l

′) 6= 0.
It now follows, using (2) that

ζV =
1

2
min
l,l′

(dsc(l, l
′), ddc(l, l

′))
1

M (24)

= min
i

(

ζD,
1

2
|λib − 1|

g
M

)

. (25)

Since b = M/g, this completes the proof of (16). The proof of
the equation (18) is given in [6]. �

Let us illustrate the concept of the proof with an exam-
ple. Suppose the number of transmitter antennas is M =
9 and λ = e2πj/81. Consider i = 3: the permutation
ω3 = (147)(258)(369) = σ1σ2σ3 with g = gcd(3, 9) = 3 and
b = 9/3 = 3. We choose a subgroup D to consist of diag-
onal matrices D = diag(d1, d2, d3, d4, d5, d6, d7, d8, d9) which
satisfy d1d4d7 = d2d5d8 = d3d6d9 = 1 (following from (12)).
Clearly det(D) = 1 and from (22) we have the distance be-
tween any 2 elements of the distinct cosets D and ω3λ3D is
ddc(l, l

′) = |λ9 − 1|3 = 0.3201.
Remark : When the number of transmitter antennas M is

prime, we have g = gcd(i, M) = 1 for all i = 1, 2, . . . , M − 1,
so b = M . Hence from (22), we have ddc(l, l

′) = |λiM − 1|.
This value is equal to the Euclidean distance between two
points on a unit circle. It follows that the chosen value of

λ = e2πj/M2

maximizes the minimum value of ddc(l, l
′) in

this case, by ensuring the M points λiM are equally spaced
along the unit circle. Moreover, since the permutation ωi is a
single cycle for each i, the equation (12) simplifies to nothing
more than the requirement that detD = 1.

C. Some Examples of a Bruhat Constellation
1. For M = 2: From (15), a Bruhat constellation for two

transmitter antennas is

V2 = D ∪ λωD (26)

where λ = ej2π/4 and

ω =

[

0 1
1 0

]

. (27)

Using (22), we have ddc(l, l
′) = |λ2 − 1| = | − 1 − 1| = 2 > 0.

The elements Dl = diag(d1, d2) ∈ D must satisfy d2 = d−1
1 by

(12) where d1 = e2πju1/LD . Then this constellation is

V2 = D ∪ ej 2π
4

[

0 1
1 0

]

D (28)

where the value of u1 = {1, 2, . . . , LD − 1} is chosen to maxi-
mize dsc(l, l

′) for a given LD. The order of this constellation
is 2LD. (We note that our constellation in (27) is equiva-
lent to the optimal dicyclic group constellation [4] for M = 2.)

2. For M = 3: Our Bruhat constellation for three trans-
mitter antennas of order 3LD is

V3 = D ∪ λωD ∪ λ2ω2D (29)

with λ = ej2π/9 and

ω =





0 1 0
0 0 1
1 0 0



 . (30)

Using (22) with g = 1 and b = 3, the distance ddc(l, l
′) may be

computed as: for i = 1, ω = (123), we have ddc = |λ3 − 1| =
1.7321 > 0; for i = 2, ω2 = (132), we have ddc = |λ6 − 1| =
1.7321 > 0. Each Dl ∈ D must have det(Dl) = 1; so set

Dl = diag(d1, d2, d
−1
1 d−1

2 ). (31)

To obtain a cyclic subgroup, set each di = ej2πuil/LD , i = 1, 2
for some parameters ui ∈ {1, 2, ..LD − 1} which are chosen
to maximize the value of dsc(l, l

′) for a given LD. Table 1
shows some of our Bruhat constellations for M = 3 but LD

varying, with best diversity products compared with different
3 × 3 unitary constellation designs in the literature. We can
see that our proposed constellations have diversity products
higher than cyclic groups and some constellations obtained
from fixed-point free groups.
3. For M = 4: For four transmitter antennas, our proposed
Bruhat constellation of order 4LD is

V4 = D ∪ λωD ∪ λ2ω2D ∪ λ3ω3D. (32)

where λ = ej2π/16 and

ω =









0 1 0 0
0 0 1 0
0 0 0 1
1 0 0 0









. (33)



L R ζV Designs
9 1.06 0.6004 fpf group G9,1 [7]
9 1.06 0.6004 Bruhat V u1 = 1, u2 = 1
57 1.94 0.4845 S19,3, u = (1, 7, 11) [7]
57 1.94 0.4845 Bruhat V u1 = 1, u2 = 7
63 1.99 0.3301 cyclic u = (1, 17, 26) [3]
63 1.99 0.3851 fpf group G21,4 [7]
63 1.99 0.3851 Bruhat V u1 = 1, u2 = 4
64 2.00 0.2765 cyclic u = (1, 11, 27) [3]
69 2.04 0.3548 Bruhat V u1 = 1, u2 = 4
513 3.00 0.1353 fpf group G171,64 [7]
513 3.00 0.1436 Bruhat V u1 = 1, u2 = 22
4095 4.00 0.0361 fpf group G1365,16 [7]
4095 4.00 0.0471 Bruhat V u1 = 1, u2 = 121

Table 1: Comparison of different 3× 3 unitary constella-
tion designs (our proposed constellations are highlighted
in grey).

For i = 1, ω = (1234), we have ddc = |λ4 − 1| whenever
det(Dl) = 1. For i = 2, ω2 = (13)(24), g = gcd(2, 4) = 2,
b = 4/2 = 2; from (22), we can have ddc = |λ4 − 1|2 by
setting d1d3 = d2d4 = 1. For i = 3, ω3 = (1432), we have
ddc = |λ12 −1|. Thus the unitary diagonal matrices Dl can be
chosen by

Dl = diag(d1, d2, d
−1
1 , d−1

2 ) (34)

where di = ej2πuil/LD , i = 1, 2. The values of
u1, u2 = {1, 2, . . . , LD − 1} are chosen to maximize dsc(l, l

′)
for each given LD. For example, set LD = 4, then the order of
a proposed constellation is 4 × 4 = 16. The choices of u1 = 1
and u2 = 1 give a Bruhat constellation with the diversity
product ζV = 0.5453, which is equal to that of a constellation
obtained from a cyclic group u = (1, 3, 5, 7) [3] at the same
data rate R = 1.00. For LD = 16, the constellation has
4 × 16 = 64 elements. Choose u1 = 1 and u2 = 7; then the
diversity product of this Bruhat constellation is ζV = 0.3827
which is higher than the constellation G̃4 obtained by
Konishi’s method (ζV = 0.3418) in [5] with the same order
and data rate R = 1.50.

4. For M = 5: A Bruhat constellation for five transmitter
antennas is

V5 = D ∪ λωD ∪ λ2ω2D ∪ λ3ω3D ∪ λ4ω4D (35)

where λ = ej2π/25. For this case, we have g = gcd(i, 5) = 1 for
all i = 1, 2, 3, 4. The choice of a subgroup of unitary diagonal
matrices D = {Dl = diag(d1, d2, d3, d4, d5|d1d2d3d4d5 = 1}
can be made by

Dl = diag(d1, d2, d3, d4, d
−1
1 d−1

2 d−1
3 d−1

4 ) (36)

where di = ej2πuil/LD , i = 1, 2, 3, 4. The values of ui =
{1, 2, . . . , LD − 1} are chosen to maximize dsc(l, l

′) for a given
LD. The order of this constellation is 5LD. Table 2 compares
our proposed constellation with different 5 × 5 unitary con-
stellation designs at the data rate R ≈ 1.00.
6. For M = 6: For six transmitter antennas, our proposed
constellation is

V6 = D ∪ λωD ∪ λ2ω2D ∪ λ3ω3D ∪ λ4ω4D ∪ λ5ω5D (37)

L R ζV Designs
32 1.00 0.4095 cyclic u = (1, 5, 7, 9, 11) [3]
33 1.01 0.5580 S11,3 u = (1, 3, 4, 5, 9) [7]
35 1.03 0.5164 V u1 = 1, u2 = 1, u3 = 4, u4 = 5

Table 2: Comparison of different 5 × 5 unitary constel-
lation designs (proposed constellation is highlighted in
grey).

where λ = ej2π/36. For i = 1 and 5, g = gcd(i, 6) = 1, the
condition of (12) on the unitary diagonal matrix Dl is simply
d1d2d3d4d5d6 = 1. For i = 2, 3, 4, the conditions on Dl are
listed below:

i ddc Constraint on Dl

2 |λ6 − 1|2 d1d3d5 = d2d4d6 = 1
3 |λ6 − 1|3 d1d4 = d2d5 = d3d6 = 1
4 |λ12 − 1|2 d1d3d5 = d2d4d6 = 1

Consequently we may choose a subgroup D = {Dl =
diag(d1, d2, d3, d4, d5, d6)} by

Dl = diag(d1, d2, d
−1
1 d2, d

−1
1 , d−1

2 , d1d
−1
2 ) (38)

where d1 = ej2πu1l/LD and d2 = ej2πu2l/LD . The values of u1

and u2 are chosen to maximize dsc(l, l
′) for a given LD. Here

6LD is the order of this constellation. Table 3 gives some of
our proposed constellations with their best diversity products
compared with different 6× 6 unitary constellation designs at
the data rate R ≈ 1.00.

L R ζV Designs
64 1.00 0.3792 cyclic u = (1, 7, 15, 23, 25, 31) [3]
66 1.01 0.4865 Bruhat V u1 = 1, u2 = 3
72 1.03 0.5000 S12,6 u = (1, 1, 7, 7, 7, 1) [7]
78 1.05 0.5000 Bruhat V u1 = 1, u2 = 10

Table 3: Comparison of different 6× 6 unitary constella-
tion designs (our proposed constellations are highlighted
in grey).

V. Performance

The performance is considered by plotting the block error rate,
bler, against signal-to-noise ratio, SNR, in unknown Rayleigh
flat fading channels. We use a differential modulation as ex-
plained in Section II to transmit signals. The fading coeffi-
cients and additive noise are independent complex Gaussian
variables with mean zero and variance one. The channel ma-
trix is assumed to be constant within two consecutive time
periods. The maximum-likelihood decoder (6) is used for de-
coding.

Figure 1 displays the block error rate performance of our
3 × 3 Bruhat constellation with u1 = 1, u2 = 4 at R = 2.04
compared with the cyclic group u = (1, 11, 27) at R = 2.00 as
given in Table 1 with the number of receiver antenna, N = 1.
We can see that the proposed constellation outperforms the
cyclic group. The gain improvement is ≈ 2 dB.

Figure 2 shows the block error rate performance of our 5×5
Bruhat constellation with u1 = 1, u2 = 1, u3 = 2 at R = 1.03



compared with the cyclic group u = (1, 5, 7, 9, 11) at R = 1.00
and the nongroup S11,3 at R = 1.01 as given in Table 2 with
N = 1. We can see that our Bruhat constellation outper-
forms the cyclic group and compares well with the nongroup
constellation.

Figure 3 displays the block error rate performance of our
6 × 6 Bruhat constellation with u1 = 1, u2 = 3 at R = 1.01
with the cyclic group u = (1, 7, 15, 23, 25, 31) at R = 1.00 as
given in Table 3 with N = 1. We can see that our proposed
constellation V again outperforms the cyclic group with ≈ 1
dB gain improvement.
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Figure 1: Block error rate performance for M = 3, N =
1 at R ≈ 2.00 of our proposed constellation and cyclic
group
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Figure 2: Block error rate performance for M = 5, N = 1
at R ≈ 1.00 of our proposed constellation, cyclic group
and nongroup

VI. Conclusion

We have proposed the design of a full diversity unitary space-
time Bruhat constellation V for any number of antennas using
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Figure 3: Block error rate performance for M = 6, N =
1 at R ≈ 1.00 of our proposed constellation and cyclic
group

the Bruhat decomposition. Our proposed design has a simple
structure for a case where the number of transmitter anten-
nas is prime. We have shown that the optimization of the
diversity product is not computationally intensive when the
number of transmitters is a composite number, for example,
when the number of transmitter antennas is 6, there are only
two parameter values, u1 and u2, for searching (see equation
(37)). Simulations show that our proposed Bruhat constella-
tions performs well without the knowledge of the information
of the channel, and also outperform cyclic group constellation
designs.

Acknowledgments

This work was partially supported by grants from Natu-
ral Sciences and Engineeringing Research Council of Canada
(NSERC).

References

[1] B. Hassibi and M. Khorrami, “Fully-diverse multiple antenna
signal constellations and fixed-point free Lie groups,” IEEE

Trans. Info. Theory, submitted for publication.

[2] B.M. Hochwald and W. Sweldens, “Differential unitary space-
time modulation,”IEEE Trans. Info. Theory, vol. 48, pp. 2041-
2052, Dec 2000.

[3] B.L. Hughes, “Differential space-time modulation,” IEEE

Trans. Info. Theory, vol. 46, pp. 2567-2578, Nov 2000.

[4] B.L. Hughes,“Optimal space-time constellations from groups,”
IEEE Trans. Info. Theory, vol. 49, pp. 401-410, Feb 2003.

[5] T. Konishi, “Unitary subgroup space-time codes using Bruhat
decomposition and Weyl groups,” IEEE Trans. Info. Theory,
vol. 49, pp. 2713-2717, Oct 2003.

[6] T. Niyomsataya, A. Miri and M. Nevins, “An application of
the Bruhat decompostion to the design of full diversity unitary
space-time codes,” in preprint.

[7] A. Shokrollahi, B. Hassibi, B.M. Hochwald and W. Sweldens,
“Representation theory for high rate multiple-antenna code de-
signs,” IEEE Trans. Info. Theory, vol. 47, pp. 2335-2367, Sept
2001.


