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Channel capacity of n-antenna BLAST 
architecture

S. Loyka and J. Mosig 

The channel capacity of the Bell Labs layered space-time (BLA
communication architecture is substantially larger than that 
traditional systems in certain applications. However, the correla
between individual channels may severely degrade the BLA
performance. An investigation is presented into the BLAST architec
and a simple formula derived for its channel capacity as a functio
the correlation coefficient. This gives a simple method of estima
BLAST performance in realistic environments. 

Introduction: The Bell Labs layered space-time (BLAST) communic
tion architecture is a very efficient tool for wireless communications
rich multipath environments [1 – 3]. The spectral efficiency of this ar
tecture may be much larger than that of traditional systems in ce
applications. The practical value of the BLAST channel capa
depends substantially on the correlation between individual chan
(spatial paths) [4, 5]. The performance of the two-antenna BLA
architecture in correlated channels has been analysed in [4]. How
the BLAST architecture provides a substantial advantage over t
tional systems when the number of antennas is large. In this Lette
consider the general case of an n-antenna BLAST architecture in corre
lated channels and derive a simple formula for the BLAST chan
capacity when all the correlation coefficients are real and equal. 
provides a simple method for estimating the performance of the BLA
architecture in a realistic environment without a detailed electrom
netic analysis. 

Channel capacity of n-antenna BLAST: In the general case of a fixed lin
ear n × n matrix channel with additive white Gaussian noise and w
the transmitted signal vector is composed of statistically indepen
equal power components each with a Gaussian distribution, the ch
capacity is [2] 

where n is the number of transmit/receive antennas, ρ is the signal-to-
noise ratio, I  is an n × n identity matrix, H is the normalised channe
matrix, and ‘+’ means transpose conjugate. Denoting the matrix un
the determinant sign in eqn. 1 by Z and after some mathematical deve
opment, we arrive at the following expression for det(Z): 

where δi j is the Kroneker delta, εi 1i 2...i n = 1 if [i1, i2, ..., in] is an even per-
mutation of [1, 2, ..., n], εi 1i 2...i n = –1 if [i1, i2, ..., in] is an odd permuta-
tion of [1, 2, ..., n], and εi 1i 2...i n = 0 otherwise, βi is the normalised
received power in the ith receiver (without the noise contribution): 

Fig. 1 BLAST channel capacity against correlation coefficient, ρ = 30 dB  

—s— eqn. 7, n = 10  
– –s– – eqn. 8, n = 10  
—n— eqn. 7, n = 50  

– –n– – eqn. 8, n = 50  
- - - - - - Shannon limit 
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where ‘< >’ denotes averaging, ‘*’ denotes complex conjugate and hik

denotes components of H. rij is the correlation coefficient of the
received signals, where 

X = (x1, x2, ..., xn)T and Y = (y1, y2, ..., yn)T are transmitted and receive
signal vectors (complex envelopes), respectively, 

and ‘T’ means transpose. Actually, we consider the received signa
eqn. 5 without a noise component: the noise is already taken 
account in eqn. 1. The narrowband assumption is also used (i.e
channel is considered to be frequency-independent over the signal 
width). The following normalisation of H is adopted here: 

Hence, when H = I  (completely uncorrelated parallel channels), ρ/n is
the signal-to-noise ratio in every channel. Some other kinds of norm
sation can also be used, but in this case ρ/n will have a slightly different
meaning. 

Thus, eqn. 2 gives the explicit dependence of the BLAST cha
capacity on the individual channel correlation. To obtain some insi
we now consider a simple case when all the received powers are 
(βi = 1/n) and all the correlation coefficients are also equal and real (rij =
r, Im(r) = 0). This case is somewhat artificial because it is expected
the correlation of neighbouring channels is larger than that of dis
channels. However, the case of equal correlation coefficients provid
worst-case estimation and some insight into the operation of the BL
architecture in correlated channels, so it deserves to be consid
(besides, r may be interpreted as an ‘average’ correlation coefficient)
this case, after some mathematical transformations that do not ch
the determinant, and using eqn. 2, we present eqn. 1 in the follo
form: 

For n = 2, eqn. 7 reduces to eqn. 8 in [4]. As a detailed analysi
eqn. 7 shows (see Fig. 1), the channel capacity decreases substa
for |r | ≥ 0.5 – 0.8, which agrees well with known results on spatial div
sity techniques and also with the case of a two-antenna BLAST arch
ture. For r = 1, eqn. 7 reduces to the famous Shannon formula. It sh
be noted that the second term in eqn. 7 is essential only when the 
lation coefficient is close to 1. However, in this case the advantage o
BLAST architecture over traditional techniques is very small (the ch
nel capacity is close to the Shannon limit) and it is not reasonable to
it. Thus, when the BLAST architecture provides a substantial advan
its channel capacity can be estimated to be (for 0 ≤ r < 1) 

Fig. 1 compares the BLAST channel capacity computed using eqn
and 8. Obviously, eqn. 8 provides quite a good approximation 
eqn. 7. In the limiting case of n → ∞, we obtain from eqn. 8 

When r = 0, the last two equations reduce to the well-known formu
(in this case, H = I ) [2]  

Comparison of eqn. 8 with eqn. 10, and eqn. 9 with eqn. 11, cle
indicates that the effect of the channel correlation is equivalent 
decrease in the signal-to-noise ratio. Hence, for example, r = 0.5 is
equivalent to a 3dB reduction in the signal-to-noise ratio. Another in
pretation of eqns. 8 and 9 is that the correlation of individual chan
gives an increase in the noise level because for each particular ch
all the other channels are just the sources of interference. 
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Thus, eqns. 7 – 9 enable us to estimate the n × n BLAST channel
capacity in correlated channels in a simple way, without requirin
detailed electromagnetic analysis but using well-known results on s
tial diversity techniques [6, 7]. 

Conclusion: In this Letter, we have developed a simple mathemati
model of the spatial channel in order to investigate the communicat
theory aspect of the problem. The correlation of individual channels 
fundamental limitation to increasing the BLAST channel capacity 
employing more and more antennas. A simple formula for estima
the channel capacity of an n-antenna BLAST architecture in correlate
channels is proposed. This model provides the worst-case estim
and enables us to apply the known results on spatial diversity techni
to the present problem. A more accurate analysis of the BLAST ar
tecture would require more precise electromagnetic models of the 
tial channel and, in particular, of the electromagnetic environment,
antennas and their coupling. 
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