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Abstract—in this letter, we study linear pre-equalization in Receiver
conjunction with BLAST equalization. Linear pre-equalization i i yi I I
is based on the assumption that the channel state information ﬁ" F }""h H i"$ " G [ DEC |
available at the transmitter is limited to the second order statistics
of channel and noise (long term channel state information or E
LT-CSl). Through simulations, we compare different design B
criteria for the pre-equalizer and show the advantages of the _ . . . .
considered structure with respect to BLAST. Fig. 1. Combined linear precoding and BLAST decoding.

Index Terms—BLAST, channel state information (CSI), multiple .
input multiple output (MIMO), pre-equalization. (©sh P through the N x M frequency-flat radio channeH, the

received signal can be written as
|. INTRODUCTION y = HFx + n, (1)

PACE-TIME COdE.:S [ and_ BLAST equall_zatlon [2] ar€yhere the circularly symmetric Gaussian noise has correlation
ell-known techniques designed with the aim of exploitin

" itv of multiole inout multiol tout (MIMO) links i %[nnH] = R,, andx is the M x 1 transmitted vector, whose
e capacity of multiple input multiple output ( ) links in lements are taken from any constellation &jgtx*] = o21.

absence of channel state information(CS_l) atthe trgns_mitter. quming that the noise spatial correlation is known (or can
the other hand, the linear pre-equalization/equalization tra %) reliably estimated from multiple observations), the receiver

ceivers proposed in [3] are based on the assumption that _processes the received vecgoby whitening the additive
transmitter is provided with the instantaneous realization of the. .. (the notation(-)!/2 defines the square root matrix

fading channeH (istantaneous CSI or, in short, I-CSI). WhileR — RH/ZRl/Z)
the first approach may be too restrictive in channels with re-

glistic fading rates,.the latter may be too thimistic especially y=R;7? y—HFx+w 2)
in FDD systems with low rate feedback links. Therefore, re-
cently some authors considered MIMO links with CSI at thehere E[ww®] = T and the equivalent (whitened) channel

transmitter limited to the channel and noise correlation matricggtrix readsH — R;H“H_

(long-term CSiI or, in short, LT-CSI). In particular, it has been The entries of the channel matrid are assumed to be
shown that the optimum linear pre-equalizer in terms of cgero-mean circularly symmetric complex Gaussian (Rayleigh
pacity [4], probability of error for orthogonal space-time codefding) with a separable spatial correlation function (see [7,
and MMSE for a linear equalizer [6] under the assumption &fect. 11-B])
LT-CSI at the transmitter consists of an eigenbeamformer. In
other words, the linear pre-equalizer is built from the eigenvec- H-= Rg/szRlT/2 3
tors of the spatial correlation matrix of the (whitened) channel
at the transmitter side. In this letter, we combine the optimuwhere H,, is a matrix of independent identically distributed
pre-equalizer with an unordered BLAST receiver (Fig. 1). Weaussian variables with unit power. The correlation matrices
investigate the beneficial effects of pre-equalization based B andRx account for the channel correlation at the transmit
LT-CSI at the transmitter and compare different strategies ®fd receive side, respectively. The norm of the channel is
power allocation over the eigenvectors through simulation. EllIH|’] = tr{Rr}tr{Rr} = MN, where E[-] denotes
the expectation over the fading amplitudes (for simplicity,
ll. SIGNAL AND CHANNEL MODEL [Rrli =1Li=1,....MandRgli = 1,i=1,..., N).
W_e focus on a MIMO wireless Iink with_transmit an_dN lIl. COMBINED LINEAR PRE-EQUALIZATION AND
receive antennaGV > M). According to Fig. 1, after linear BLAST EQUALIZATION
pre-equalization by thél/ x M matrix F and propagation _ o
Let the LT-CSI be available at the transmitter in the form of
the matrixRy = E[H”H]. The LT-CSI matrixR z measures
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"l trix at the transmitter side is diagonalized by the precoder
X , y F. The equivalent channel correlation at the receiver side
F R1/2 Hw RH/Z RnH/Z - . ) )
iy H ! {_@4{ |_' R, "/?RH/? has to be dealt with at the receiver.

(a) We consider three different power allocation schemes over

the eigenvectors that constraint the total radiated power as

w
T R L R L L

A. Waterfilling

(®) Maximizing the capacity [4] or minimizing the probability of
Fig. 2. (a) Block diagram of the signal model (transmitter, channel anedrror for orthogqnal space-time codes [5] we get the classical
noise whitener). (b) Equivalent signal model that shows the role of linedifaterfilling solution
pre-equalization.

X
4,‘ 21/2(1) ‘

9 o2+ Zﬁr_ s 1 i

In particular, if we assume spatially white noise, iR, = 021, |biil” = 02N T o2 ®)
it simplifies asRyz = N/o2Rr.

The linear pre-equalizer that maximizes the capacity [4], mim¢here(z)™ = max(z,0) andN < N is such thatg,,|* > 0
imizes the probability of error for orthogonal space-time codésr n € [1, N] and|¢,,,,|* = 0 for all othern.
[5] and minimizes the MSE (between the transmitted vegtor
and the decision variables) for linear equalizers [6] under the d&&- MMSE Waterfilling
sumption of LT-CSI at the transmitter has the following general Minimizing the MSE [6], [3] yields
expression:

(23

5 +
D INED T IV
o g i s - ()
e D INEP Aiiog

F=U® ®) il * = (
where U contains the eigenvectors of the LT-CSI
Ry = UAUH (A = diag()\n./..../)\]\,[M) with \;; ar-
ranged in nonincreasing order) afd=diag(¢11,- .., ¢arar)
is a diagonal matrix that defines the power allocation over theASsuming that the same power is transmitted from each
eigenvectors. The latter depends on the optimization criteri§igenmode
and the power constraint (see discussion below). According to bis = /\/N ®)
(5), the linear pre-equalizer performs the beamforming of the i = Ox :

transmitted vectox along the eigenvector® of the LT-CSI At the receiver side, the BLAST equalizer is designed here by
matrix. Referring to the specific references for details, here WSinimizing the MSE between the data vectoand the input
recall that the result (5) is obtained by bounding the averageg¥fthe decision device (MMSE-BLAST [8]). Perfect error re-
the performance criterion (be it capacity, probability of erragoyery at the output of the decision device is assumed as it is
or MMSE) over the fading channgl and then optimizing the ysually done in the literature on decision feedback equaliza-
boupd. o ] ] tion. The effect of error propagation will be investigated in Sec-
Itis worth emphasizing that the correlation mafidy;, orits  tion v through simulations. The MSE read$SE(G, E) =

eigenvalue decompositiqiU, A}, has to be updated only occa-EwGy — Ex||?], whereE = I + D is upper triangular. From

sionally at the transmitter, e.g., by a low rate feedback chanfgé standard theory of Wiener linear filtering, we ggt =
in a FDD link, since it is assumed to be invariant over a largg p[xy | E[yy#]~! and after algebraic manipulations

time scale. Notice that temporal variationsRfy (or equiv-

alently Rr) are likely to be caused by the movements of the G = EQ 'FHHIR;H/?, (9)

transmitting array and these can be assumed to be small eno}g‘%h Jp— ) o )

(compared to the geometry of environment and arrays) to guifereQ = F*H HF1+I}/UxI_' Substituting (9) we obtain

antee the invariance of LT-CSI across multiple symbols. ~ MSE(G, E) = tr{EQ™"E" }. Minimizing w.r.t. the feedback
According to (5), the role of the linear pre-equalizer (beanflatrix E yields

former)F is that of cancelling the correlation at the transmitter E=VQ/? (10)

side. Decorrelating the transfer matrix is known to guarantee

enhanced link performance [7]. Fig. 2(a) shows the sign@hereV is a diagonal matrix that scales to unity the elements

model (transmitter, channel and noise whitening) by explicitiyn the main diagonal dE.

including the channel correlation matrices. The cascadE of

and RIT/2 is a diagonal matrix sinc®; = UXU¥ (with IV. SIMULATION RESULTS

¥ = A/tr{R,;'RRr}) and

C. Uniform Power Allocation

The performance of combined linear pre-equalization and

R1T/2F —_SI2UHEyP — /2. BLAST equalization is evalur_:lted in terms of uncoded SER
(averaged over thé/ transmitted streams) for a 16-QAM
Therefore, the signal model can be simplified as in Fig. 2(onstellation andV = M = 8 antennas. Notice that the

proving by this simple reasoning that the correlation macheme could be modified in order to allow the transmission of
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Fig. 3. SER versus SNR for LT-CSp{ = 0.8,pr = 0.4 andN = M =
8).

489

103, pre-equalization with waterfilling provides around 15-dB
gain in SNR. Moreover, waterfilling power allocation only
slightly outperforms the uniform power allocation, that has
the advantages of simplicity and reduced feedback (only the
1 eigenvectors have to be transmitted by the receiver). Note that
if the constellation size was allowed to vary with allocated
power then waterfilling solution could potentially increase its
SNR margin as compared to the uniform power scheme. The
4 degradation of the MMSE waterfilling scheme (around 5 dB
for SER = 10~3) can be explained by recalling that according
to [6] the corresponding design assumes a linear equalizer (not
a BLAST receiver).

For pr = 0, the transmitter can not capitalize on the LT-CSI
Ry = N/o21 to improve the performance of the lifE = I)
so that BLAST and linear pre-equalization have the same SER.
For largepr the performance of all the methods degrades be-

cause of the decreased spatial diversity and the performance gap

BLAST
waterfilling
MMSE waterfilling
uniform

|
—

(1]

Fig. 4. SERversugr (SNR =20dB,M = N = 8,pr = 0.4).

D < M streams (e.g., on the strongest eigenmodes). Dif'ferent[2
power allocation schemes under the assumption of LT-CSI at
the transmitter are compared without optimal ordering of the 3]
data streams (unordered BLAST). We assume spatially white
noise and the signal to noise ratio is defineddR = o2 /o2.

The correlation matriR g (andRy) is for simplicity Toeplitz 14
with first column[l pr --- pN 17 (@and[1 pr---p¥~H7).
pr andpr(0 < pr,pr < 1) are the correlation coefficient [
relative to the receiver and transmitter side, respectively.

Fig. 3 shows the uncoded SER versus SNR deor= 0.8 [6]

and pr = 0.4 and Fig. 4 plots the uncoded SER versys

for SNR = 20 dB and pr = 0.4 (analogous behavior as

a function of pr is obtained at lower SER as well). Linear [7]
pre-equalization with LT-CSl at the transmitter guarantees better
performance with respect to BLAST over the entire range of (8]
correlationpr and SNR considered. In particular, fSER =

among the methods shrinks as the channel ma#rigecomes
/9 rank-deficient.

V. CONCLUSION

Combined BLAST equalization and linear pre-equalization
under the assumption of LT-CSI at the transmitter has been
proposed. Different design criteria for the pre-equalizer have
been investigated. Simulations showed the relevant advantages
of pre-equalization with LT-CSI as compared to BLAST
receiver.
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