Channel Capacity of n-antenna BLAST where ‘< >’ denotes averaging, tlenotes complex conjugate ahg

architecture denotes components df. r; is the correlation coefficient of the
received signals, where
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The channel capacity of the Bell Labs layered space-time (BLAST) v i i 2 2
communication architecture is substantially larger than that of \/<yl Y7 ) (s yﬁ \/zk: || zk: |hjxl

traditional systems in certain applications. However, the correlation
between individual channels may severely degrade the BLAST
performance. An investigation is presented into the BLAST architecture
and a simple formula derived for its channel capacity as a function of
the correlation coefficient. This gives a simple method of estimating Y=H X (5)
BLAST performance in realistic environments.

X = X, %oy ooy Xy)T @NAY = (Y, Vo, ..., V)T @re transmitted and received
signal vectors (complex envelopes), respectively,

and T means transpose. Actually, we consider the received signal in
Introduction: The Bell Labs layered space-time (BLAST) communica- €dn. 5 without a noise component: the noise is already taken into
tion architecture is a very efficient tool for wireless communications in @count in egn. 1. The narrowband assumption is also used (i.e. the
rich multipath environmen{s [ 3]. The spectral efficiency of this archi- channel is considered to be frequency-independent over the signal band-
tecture may be much larger than that of traditional systems in certainvidth). The following normalisation dfi is adopted here:

applications. The practical value of the BLAST channel capacity n
depends substantially on the correlation between individual channels > hil? =n (6)
(spatial paths)[4.15]. The performance of the two-antenna BLAST i,j=1

architecture in correlated channels has been analydell in [4]. However, .

the BLAST architecture provides a substantial advantage over tradi-1€nce, wherH =1 (completely uncorrelated parallel channefshis
tional systems when the number of antennas is large. In this Letter, wde Signal-to-noise ratio in every channel. Some other kinds of normali-
consider the general case ofraantenna BLAST architecture in corre-  Sation can also be used, but in this qasewill have a slightly different

lated channels and derive a simple formula for the BLAST channel M€2NINg. _ o

capacity when all the correlation coefficients are real and equal. This 1huS, edn. 2 gives the explicit dependence of the BLAST channel
provides a simple method for estimating the performance of the BLAST ¢apacity on the individual channel correlation. To obtain some insight,
architecture in a realistic environment without a detailed electromag-We NOw consider a simple case when all the received powers are equal

netic analysis. (Bi = 1h) and all the correlation coefficients are also equal andrieal (
r, Im(r) = 0). This case is somewhat artificial because it is expected that
250 the correlation of neighbouring channels is larger than that of distant
P —Asep channels. However, the case of equal correlation coefficients provides a
W 2007 §A§‘A\ worst-case estimation and some insight into the operation of the BLAST
% b ‘ﬁ\\é\ architecture in correlated channels, so it deserves to be considered
= 1501 T (besidesr may be interpreted as an ‘average’ correlation coefficient). In
5 NN ) ; .
= ﬁ\ this case, gfter some mgthematlcal transformations tha_t do not cha_nge
g 100 1 4 ]t(he determinant, and using eqgn. 2, we present eqn. 1 in the following
e O e orm:
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0 0.2 0.4 0.6 0.8 1.0 (7
correlation coefficient Forn = 2, eqn. 7 reduces to eqgn. 8[1 [4]. As a detailed analysis of
egn. 7 shows (see Fig. 1), the channel capacity decreases substantially
Fig. 1BLAST channel capacity against correlation coefficigrt30 dB for |r|= 0.5 — 0.8, which agrees well with known results on spatial diver-
—O— egn. 7n=10 sity techniques and also with the case of a two-antenna BLAST architec-
--O-—eqn. 8n=10 ture. For =1, eqn. 7 reduces to the famous Shannon formula. It should
—A— eqn. 7n=50 be noted that the second term in egn. 7 is essential only when the corre-

—-A——egn. 8n=50

______ Shannon limit lation coefficient is close to 1. However, in this case the advantage of the

BLAST architecture over traditional techniques is very small (the chan-
nel capacity is close to the Shannon limit) and it is not reasonable to use

Channel capacity of n-antenna BLA®Tthe general case of afixed lin- it Thys, when the BLAST architecture provides a substantial advantage,
earn x n matrix channel with additive white Gaussian noise and when jis channel capacity can be estimated to be (for & 1)

the transmitted signal vector is composed of statistically independent
equal power components each with a Gaussian distribution, the channel C ~n-log, (1 + B(l - r)) (8)
n

capacity i§T2]
p + ) Fig. 1 compares the BLAST channel capacity computed using egns. 7
C =log, det(l+ ;H'H ) bit/s/Hz (1) and 8. Obviously, eqn. 8 provides quite a good approximation for

. . . . . egn. 7. In the limiting case of » o, we obtain from eqn. 8
wheren is the number of transmit/receive antenass the signal-to- q 9 * q

noise ratio,l is ann x n identity matrix,H is the normalised channel O ~ p(l—7) (9)
matrix, and * means transpose conjugate. Denoting the matrix under 7 In2
the determinant sign in eqn. 1 Byand after some mathematical devel- \yhenr = 0, the last two equations reduce to the well-known formulas
opment, we arrive at the following expression for dgt( (in this caseH =1)
- P
det(Z) = Y cnamoa ] (5kik + oV Bir. Bre - rkik) O =n-log, (1 + ﬁ) (10)
T1,82,0eeyin, k=1
(2) . = 11
o= 3 (11)

whereg;; is the Kroneker delt&; ;, ;, = 1 if [is, i, ...,i5] is an even per-
mutation of [1, 2, .0, &,j,.i, = =1 if iy, iy ...,iy] is an odd permuta-
tion of [1, 2, ...,n], andg;, ;, = O otherwisef; is the normalised
received power in thigh receiver (without the noise contribution):

Comparison of egn. 8 with eqn. 10, and eqn. 9 with eqn. 11, clearly
indicates that the effect of the channel correlation is equivalent to a
decrease in the signal-to-noise ratio. Hence, for exampte0.5 is

equivalent to a 3dB reduction in the signal-to-noise ratio. Another inter-

Bi = (v - i) _1 Z i |? (3) pretation of eqns. 8 and 9 is that the correlation of individual channels
Slye -y n - w gives an increase in the noise level because for each particular channel
k all the other channels are just the sources of interference.
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