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Abstract—In this paper, power allocation schemes for efforts have been made to design optimum MIMO trans-
dual transmit multiple receive antenna communications is mitter precoders using throughput or error rate criteria
proposed and analyzed. Minimum error rate power allocation [2]. However, precoding schemes require complex process-
for a number of equalization schemes are proposed, including . ’ . . X
zero-forcing (ZF), successive interference cancellation (SIC) ing at both transmit an_d recglve side, as Wel! as large
and ordered SIC (OSIC). It is shown both analytically and = feedback overhead. This motivates the following study
by numerical simulations that the proposed schemes improve of a simplified precoding scheme, which we refer to as
system performance with the capability of eliminating error  power allocation for MIMO. Furthermore, optimizing error
floors in ill-conditioned channels. Compared with the more 54 performance will be investigated, since minimization

general precoding methods, the proposed schemes signifi- . . . . .
cantly reduce processing complexity at both the transmitter of error rate is aligned with the ultimate objective of

and receiver as well as feedback overhead. communications system design.

Il. DUAL TRANSMIT ANTENNA (TIMO) SPATIAL
MULTIPLEXING

I. INTRODUCTION AND MOTIVATION

The capacity of wireless communication systems can
be increased substantially by using multiple transmit and Consider a MIMO system withV; = 2 and N, > 2, i.e.
receive antennas, provided that multipath scattering &-two-input multiple-output (TIMO) system. The received
fects have been exploited appropriately [1]. Equalizaticsignal can be modelled as
for such multiple-input multiple-output (MIMO) spatial
multiplexing (SM) systems can employ criteria such as r = Hs+n
zero-forcing (ZF), minimum mean-squared error (MMSE), = si1hy + sohe + 7, (1)
successive interference cancellation (SIC), or maximum
likelihood (ML). Recently, the Vertical Bell Laboratorieswheres = [s; s»]” denotes the transmitted signal vector;

Layered Space-Time (V-BLAST) architecture has beeﬁ — b | hy) is the N, x 2 channel matrix; andy
proposed as a simple spatial multiplexing scheme [1]. |8 yhe ' 1 additive Gaussian noise vector. For sim-
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V'BLAS.T' data streams are encoded independently a ﬁfication of analysis, we assume white noise and input,
transmitted from each antenna, and detected at the receiver E[ss”] - E.I, and E[nnH} — NoIy. We now

in an ordered SIC (OSIC) fashion. briefly review several reception methods and their error

In this paper, we study a MIMO system with two tranS;ate performances. For simplicity of analysis and without

mit antennas and at least two receive antennas (known als@s of generality, we compare these schemes under BPSK
as two-input multiple output (TIMO) systems). The study,,qulation.

of such a system can be motivated in a humber of ways:
1) dual transmit MIMO systems are important in practical
scenarios where there are limitations on cost and/or size §—Hir—s+Hin, @)
to install more antennas; 2) it is easier to analyze TIMO

systems than the more general MIMO systems, and SOfich is unbiased. The decision-point signal-to-noise ratio
analysis results may offer insights into the more gener@)NR) of thek-th signal streamk = 1,2, is given by
MIMO systems. o

When channel state information (CSI) is available at E, def o
the transmitter, system performance can be improved. The 2k = No[(H"H) 1] = Vs9Zk
availability of CSI at the transmitter is achievable in time- '
division duplex (TDD) systems due to the reciprocity ofyhere g2 , ' [(H*H)~1];} denotes the power gain of

the uplink and downlink channels, or frequency-division-th stream. The power gains can be calculated as
duplex (FDD) systems with a feedback channel. Some

1) ZF Receiver:The estimate ok is given by
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2) SIC ReceiverWithout loss of generality, we assumeThe average BER of TIMO with power allocation can be
detecting streant = 1 first. Assuming ZF equalization is obtained by generalizing (6) to
employed, the power gain in detecting is the same as
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tAhat of the ZF receiver, iegd, = g%, We assume that p(+,; {¢?}; {p}}) = §Q <\/2%g%p%>+29 <\/2%9§P§> :

$1 = s1, and perform interference cancellation, i.e., )

To minimize the average BER in (9) under transmit power
constraint (8), no closed-form solution exists. While an
The detection ok in (5) with ZF equalization is equiva- iterative algorithm is given in [3], it is also shown in [3]

lent to maximum ratio combining (MRC), with power gainthat by approximating the objective function, a simpler

r' =r—5h) +n=shy+n. (5)

gso = [hall. closed-form solution can be found as

3) OSIC Receiver:The SNR-based ordering scheme no? 4+ v
detects the stream with largest decision-point SNR first, = (%2) , (k=1,2), (20)
or, equivalently, detects the stream with largest power gain Vs 9k +

first. From (4), this is equivalent to choosing the stream def . .
corresponding to the maximum channel norm, i.e., where (z) = max{0,z}, and v is chosen to satisfy
power constraint (8). It is shown in [3] that the approximate

k) = argmaxyz,; = arg max g7, = arg max |/hy||. solution has performance very close to that of the MBER
! Lo ! solution.
In other words, SNR-based ordering is equivalent to norm-For OSIC, we need to examine the effect of power
based ordering in TIMO systems. Therefore, we obtain tllocation on ordering. Without loss of generality, we
power gains as assume|lh;|| > |/hz||, and by norm-based ordering;
A is detected first. Denote the corresponding power gains
95, = — - v 9o =min{[hy|? ||he|?}. asai and 3. Consider the opposite detection ordering.
© min{|/hy |2, [/ha]2} ’ Denote the resulting power gains @ and 3. From
The average BER of the above receivers can be caldle previous analysis, we havea3 = 5152 = An. By
lated as assumpt|on (e[| > [h2|)), we havesi < af < 63, and
(% < a2 < B2. At moderate-to-high SNRy > 1), it can
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P(vs;91,93) = 59 (\/2%9%) +352 (\/@) . (6) be shown that

D A2 2 D . A2 22
where the power gaing? and g2 depend on the receiver Plys;at,a2) < P(si By, A2),
structure; Q(z) = def #2 fr Y /2dy We note that for i.e., for TIMO at moderate-to-high SNR, the norm-based
SIC and OSIC receivers, (6) is only a lower bound due trdering (or, equivalently, SNR-based ordering), which is
the neglecting of error propagation. However, at moderateptimal for TIMO without power allocation, is also optimal
to-high SNR regimes, this lower bound closely approxfor the power allocation scheme, in the sense of minimizing
mates the average BER since error propagation is minimalerage BER.

Overhead and Complexity IssudSor a TIMO system
using a general precoding method, the channel matrix is
fed back to the transmitter, requiriny; x N, = 2N,
Denote the power allocated to theth stream agp? complex numbers, or equivalentiy)V, real numbers. On

I1l. POWERALLOCATION IN TIMO

(k = 1,2). The received signal can be written as the other hand, if the proposed power allocation scheme
is employed, onlyN, = 2 real numbers are required
r=HPs + 1, (7) at the transmitter, which L.? of that of precoding.
de Usually precoding schemes also require diagonalization of

where P & diag{pi,p2}. We assume that the total

. . : a channel matrix, which involves matrix transformation
transmit power is normalized as

and/or singular value decomposition, while using power
allocation, operations performed at the transmitter are
trivial. Therefore, the proposed power allocation scheme
Note that the power allocation scheme is a special casehéfs less overhead and complexity compared to that of
more general precoding schemes that employ a pred@degeneral precoding schemes.

that is not constrained in structure. The structural constraint
introduced in power allocation significantly reduces both Y
computational complexity and feedback overhead.

Power allocation can employ a number of optimiza- Ill-conditioned channel refers to a channel matrix that is
tion criteria, e.g., throughput, SNR or mean squared-errdirconditioned, i.e. % > 1, where A\ (-) and
(MSE) [2]. In this paper, we will consider the minimization\,,;, (-) denote maximum and minimum eigenvalues of a
of the bit error rate (MBER) as the optimization criterionmatrix. For TIMO channels, without loss of generality, we
MBER being critical to communications system desigrcan assumeéhs = a - hy with @ € C, and the channel

pi+ps=2.

. ILL-CONDITIONED TIMO CHANNELS



matrix H =~ hy[1 a]. The least-squares (LS) estimatecof w0
is given by

; ; ; ;
%~ ZF — w/o power allocation
=~ ZF — w/ power allocation

h*H h, P>~ SIC - w/o power allocation
ars = h{hg — 1 X (11) - SIC - w/ power allocation
th H2 13- OSIC - w/o power allocation

-8~ OSIC - w/ power allocation
-9~ 0SIC - w/ beamforming

Due to the ill-conditioned channel matrix, average error,=,
rate performance of spatial multiplexing experiences ertor
floors. This motivates our consideration of general precgd-
ing for ill-conditioned channels. An approximate MBE@
precoder under a transmit power constraint can be fo@d
to be 10°
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P‘\/5<1+|a|2>[a*][“]' 42

The derivation is omitted due to lack of space. We note

that the precoder (12) is designed for OSIC receiverm—A0 - . : . - . :
Also note that (12) has rank one, and can be viewed Signal-to-Noise Ratio (d8)

as power allocation (vectop,1]) followed by transmit _ _
beamformer (vectofl,a*]”) pointing to the approximate E(')gﬁdi%i'oneg"ggﬁ]z EEaFimpeelrformance in uncorrelated Rayleigh (well-
MBER direction. We will refer to this scheme as OSIC

with beamforming. It can be shown that the average BER,
for precoded OSIC can be approximated as

_ 3 4
Plihna) ~ g exp { =3P+ o)} @9

which does not experience error floor effects.
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V. NUMERICAL RESULTS AND DISCUSSIONS

We compare the BER'’s of several transmit schemes o
fading channels. A
Uncorrelated Rayleigh FadingFig. 1 is a plot of the || 3 25 T hoersiioceoe"

average BER of a variety of transceivers in an uncorrelated’ || - SIC - wio power allocation
N . -p- SIC w/ power allocation

Rayleigh fading channel. We observe that at a BER of £1- V-BLAST - wio power allocation

103, power allocation scheme offers 0.8, 1.3 and 0.9 dB j x:gtﬁgzw gg\gférf‘;’ir':gicnaﬁon

gains for ZF, SIC and OSIC receivers, respectively. We cano*, ; T - I 9 = - ’ L .

also see that OSIC with beamforming, though designed for Signal-to-Noise Ratio (38)

ill-conditioned channels, outperforms OSIC without power

allocation, as well as outperforms SIC and ZF schemesFég: 2. Average BER performance in correlated Ricean (ill-conditioned)

SNR’s larger than 6 dB. fading channel & = 10 dB).

Correlated Ricean FadingCorrelated fading channels
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Ave({ge Bit Error Rate

were simulated using the transmit correlation matrix jy_conditioned channels is also studied. Simulation results
1 50.9 show that the proposed methods offer superior performance
R; = —j09 1 ’ over traditional spatial multiplexing without transmit opti-

mization. Compared with more general precoding schemes,

which corresponds to scenarios with high spatial anten proposed schemes reduce complexity and feedback

factor K = 10 dB. OSIC with beamforming outperforms
all other schemes shown in the figure. At a BERLOf 3,
the SNR gain offered by OSIC with beamforming over
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