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Abstract

In this paper, we propose a full rate space-time block code selection technique with feedback, which achieves full diversity
when more than two transmit antennas are used for transmission of each channel symbol pair. Only one or a few feedback bits are
needed for relative state information of the channels. Moreover, all transmitted symbols can be separately decoded at the receiver.
It is shown by computer simulations that the new approach provides SNR improvement, especially when feedback errors occur,
compared to the antenna selection technique with Alamouti’s scheme, for the same number of feedback bits.

I. INTRODUCTION

Fading is one of the major problems in wireless communication systems which limits the link performance. One efficient way
to reduce the severe attenuations in fading channels is to make use of transmit antenna diversity. Since it does not increase
transmission bandwidth and its cost is paid at the base station by increasing the number of transmit antennas, transmit anter
diversity is extensively studied in recent years. Space-time block coding is the compromising approach when performance v
complexity trade-off is considered. Orthogonal space-time block codes (OSTBC) [1], beside their diversity advantage, provide
decoding simplicity since transmitted symbols are separately decoded by means of linear processing. Alamouti’'s [2] schem
for two transmit antennas is the unique orthogonal space-time block code for complex channel symbols which provides botl
full diversity and full rate where two symbols are transmitted in each coding step. Several quasi-orthogonal STBCs that provide
full rate at the expense of some loss in diversity [3],[4] and OSTBCs that provide full diversity with some loss in code rate
[1],[5] have been proposed in the literature. In all of these schemes, it is assumed that only the receiver knows the chann
coefficients. On the other hand, in multi-input multi-output (MIMO) systems, it is shown that when the transmitter also has the
perfect knowledge of the channels, the performance of the OSTBCs can be improved by transmit antenna selection (TAS)[6],[7
or beamforming [8] techniques.

In this paper, we propose a pure space-time block code selection method where selection is performed among full rat
balanced STBCs designed by extending Alamouti's scheme momber of transmit antennas whete> 2. The balanced
STBC set covers suitable codes which achieve full diversity for each possible situation of the channels. One or a few feedbac
bits are needed at the transmitter for the relative state information of the channels. Since the number of transmitted symbols
each coding step is lower than the number of transmit antennas, each transmitted symbol can be separately decoded by lin
processing as in the OSTBC case. It is shown by computer simulations that, for the same number of feedback bits, the ne
approach provides SNR advantage compared to Alamouti’s scheme with antenna selection. It is also shown that the bene
of using code selection schemes over pure antenna selection methods becomes more essential in the presence of feedbacl
errors.

Il. SYSTEM MODEL

We consider a wireless system where the base-station is equippea wittennas and the mobile with single antenna. Data
bits are mapped by streams/obits into M/-PSK symbols wherd/ = 2*. At each signaling interval, n symbolss}, s?, ..., s?

are simultaneously transmitted fromantennas a%sg through the quasi-static, flat fading channel whose coefficients

i = 1,2,...,n denote the path gains from each transmit antenna to the receive antenna, modeled as independent samples
complex Gaussian random variables with zero-mean and variance 1/2 per dimension. Maintaining constant transmit powe
constraint throughh antennas, the received signal is given as,

n
1 )
Ty = Z —=his; + 1
i=1 Vn

wherern, is the complex zero-mean additive white Gaussian noise samples with vafigrieeper dimension. For a STBC of
two signaling intervals, assuming coherent detection and perfect knowledge of the channel coefficients, the receiver minimize



the maximum likelihood decision metric )
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over all possibled/-PSK symbolsci, with t = 1,2 andi = 1,2, ..., n.

I1l. BALANCED CODE SELECTION
A. Three Transmit Antennas
a) One bit feedback: Consider the full rate STBC pair with transmission matrix
. S1 So a8y
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wherea = +1. The columns and rows @, denote symbols to be transmitted from three transmit antennas and two signaling
intervals, respectively. The received signals at the first and second signaling intervals are
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respectively. The estimates of and s, are obtained by linear processing as
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wheref); = ni1hf +n5(he +ahs) andiy = n1(hs + ahl) — n3hy. If we choose in (1) the STBC with = 1 anda = —1 when
Re{hoh%} is positive and negative, respectively, the contribution of the cross-product term in (2) and (3) will always positive
and the gain provided by this scheme will be greater than the sum of the magnitude squares of all path gains which is vali
for OSTBCs. We call this type of codes as balanced STBCs.

Let d2,,,, be the minimum squared Euclidean distance between two distinct symbols bf-8K constellation. Assuming

Gray mapping, and by extending the results given in [9] for Alamouti’s scheme to our balanced STBC, the bit error probability
can be approximated as

P,
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where Q(z) = \/% L. e~t’/24t, and the multiplicative factor 2 stands for the number of symbols with distdngg to a
given M-PSK symbol.
b) Two bits feedback: Let us consider now, in addition to the STBC pély, the full rate balanced STBC pair

. S1 S92 asq
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The estimates of; and s, for this code pair are obtained as
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wheref); = (ki 4+ ah$)m — hans and i = hin + (hy + ahs)n;. If we chooseC; when |Re{hsh%}| > |Re{h1h%}| and
(5, otherwise, and for each selection the STBC with- 1 anda = —1 whenRe{h;h}}, (j =2,k=3o0rj=1,k=23)is
positive and negative, respectively, the contribution of the cross-product terms will be increased with respect to the first case
This selection among 4 codes needs two feedback bits.

¢) Three bits feedback: We include now to the balanced STBC set with two code pairs given in (b) a third full rate STBC

pair
. S1 asy S9
s5 as; —8



The estimates of; and s, for C5 are obtained as
1
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S2 = ﬁ[(|h1\2 + | ha|? + hs|?) + 2aRe{h1h5}]s2 + 72

whererj, = (h} + ahl)m — hani andrs = hiny + (h1 + ahe2)n;. If we choose the STBC pait;, < = 1, 2,3 which provides
the maximum product terfRe{h ;1 }|, and then the STBC with = 1 anda = —1 whenRe{h;h}} is positive and negative,
respectively, the gain provided from the cross-product terms will be further increased with respect to the first and second case
This total selection among 6 codes needs three feedback bits.

Note that one of the three balanced STBCs C5,C5 and one of the two-tuple$Cy,Cs}, {C1,Cs}, {Cs,C5} can be
randomly used, without affecting the error performance, when one and two feedback bits are available, respectively.

B. Four Transmit Antennas
a) Two bits feedback: One balanced STBC 4-tuple for four transmit antennas is
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wherea = +1 andb = +1, respectively. The estimates of and s, are obtained by linear processing as
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wheref); = (hf + ah})n + (he + bhy)ni andrs = (hi + bh})n — (ha + ahg)n;. The contribution of the cross-product term
2Re{ah, h} + bhoh} will always be positive and the contribution of this scheme to the symbol estimates will be greater than
the sum of the magnitude squares of all path gains, if the code selection from (4) is performed as follows,

Choose a=1, b=1 if Re{hihi}>0 and Re{hsh}} >0
Choose a=-1, b=-1 if Re{hihi} <0 and Re{hzh}} <0
Choose a=1, b=-1 if Re{hih5}>0 and Re{h2h}} <0
Choose a=-1, b=1 if Re{hihi} <0 and Re{hah}} >0.

This selection among four balanced STBCs needs two feedback bits. The two other balanced STBC 4-tuples for four antenn:

are as follows,
- s1  S2 asy bsy Ch - S1 as; Sa  bsgy
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The cross-product terms in symbol estimates@orandCs are2Re{ahah} + bhih}} and2Re{ahih} + bhsh}}, respectively.
One of theC; s,¢ = 1,2,3 given in (4) and (5) can be randomly used when only two feedback bits are available at the
transmitter.

b) Three bits feedback: When a third feedback bit is permitted, a selection between two preselected balanced STBC
4-tuples fromC;;s, i = 1,2, 3 is performed first by choosing the code which will produce greater cross-product term. As an
example, a selection rule between 4-tupl@sand Cs is given as,

Choose Cy if |Re{hih}}| + |Re{h2hj}| > |Re{h1h}}| + |Re{hah}}]|
Choose Co if |Re{hihi}|+ |Re{hah}}| < |Re{hih}}| + |Re{h2hi}|

Once a code 4-tuple is chosen, the transmitted STBC is determined as in the two bits feedback case (a).

C) Four bits feedback: A total selection for four transmit antennas is performed when four feedback bits are available. The
balanced STBC 4-tuple frora';s, i = 1,2,3 which has the maximum cross-product term for the present channel conditions
is first selected by two feedback bits, and then the STBC which maximizes the diversity is determined as in (a) by two othel
feedback bits.

The proposed code selection technique can be easily extended to more than four transmit antennas. The potential gain incre:
is not only due to diversity enhancement with increasing antennas, but also due to the contribution of the cross-product term
which are obtained via balanced STBC sets with increasing cardinality. The benefit of using code selection schemes over pul
antenna selection becomes more essential in the presence of feedback errors as we will see in the next section.



IV. PERFORMANCEEVALUATION

The bit error probabilities of the proposed code selection technique using balanced STBC sets were evaluated for quaterna
phase-shift keying (QPSK) modulation by computer simulations. A frame size of 130 symbols were used. The channel
considered is a quasi-static Rayleigh fading channel where path gains are zero-mean complex Gaussian random variab
with unit variance and statistically independent from one antenna to another. It is assumed that the channel remains consts
over one frame but changes independently from one frame to another and that the receiver has perfect CSI. For comparis
purposes, the bit error rate (BER) curves of the classical Alamouti's scheme, and the antenna selection with Alamouti’'s schem
where the best transmit antenna pair is selected by means of feedback bits, are also included to the Figures 1 and 2. For t
sake of a fair comparison these schemes were simulated by normalizing each symbol by a fa¢té2.of

Figure 1 presents the bit error probabilities of the new 3 transmit antennas balanced STBC selection scheme for 1, 2 and
feedback bits. Increasing the number of feedback bits improves the error performance, as expected. Compared to the classi
Alamouti's scheme (A2TxO0Fb), the balanced STBC ggaijrfor 3 transmit antennas (CS3Tx1Fb) providesiyi N, advantage
of 5 dB for a BER value ofP, = 10~ with one feedback bit. The BER curves of the Alamouti’s scheme with antenna selection
using two feedback bits (A3Tx2Fb) to determine the best pair between 3 transmit antennas and CS3Tx1Fb code with on
feedback bit are very close. However, the balanced STBC with two feedback bits (CS3Tx2Fb) reaches the same BER valu
with an E, /Ny gain of 0.3dB at the same number of feedback bits, compared to A3Tx2Fb. With three bits feedback code
selection (CS3Tx3Fb) this gain increases approximately tal®.7

The bit error performances for 4 transmit antennas are shown in Figure 2. Compared to the antenna selection with Alamou
(A4Tx3Fb)which needs 3 feedback bits for this case, the balanced STBC selection with two feedback bits (CS4Tx2Fb) ha:
only 0.2dB loss of E, /Ny while the balanced STBC selection with three (CS4Tx3Fb) and four (CS4Tx4Fb) feedback bits
provide E,, /N, gains of approximately 0.15 and 0.4%3, respectively.

The BER performances of the balanced STBC selection schemes were also compared to the Alamouti’'s scheme with anten
selection in the case of feedback errors. Comparisons were made for both 3 and 4 transmit antennas, on an equal number
feedback bits basis. The feedback channel is assumed to be a binary symmetric one with error prabahilitg. It is also
assumed that the transmitter sends pilot symbols using the STBC decided from the feedback bits and the receiver uses the
coded pilot symbols to compute the STBC used by the transmitter [9]. It is seen from Figs.1 and 2 thgtXgeadvantage
of the proposed STBC selection schemes become more obvious when feedback errors occur. Specifigatty for* and
for the same number of feedback bits, the balanced STBCs CS3Tx2Fb and CS4Tx3Fb fip\Mdegains of 1.4 and 1.7
dB compared to the antenna selection schemes A3Tx2Fb and A4Tx3Fb, respectively.

V. CONCLUSION

In this paper, a full rate code selection technique has been proposed to improve the error performance of the wireles
communication systems with transmit and one receive antennas where 2. The approach aims to maximize the diversity

by choosing the appropriate STBC for each possible channel situation from a set of balanced STBCs, at the transmitte
Since, instead of the perfect knowledge of the channels, only the relative states of the channel coefficients are needed at t
transmitter, only one or a few feedback bits are sufficient. Moreover, due to the number of transmit antenfdsr a full

rate balanced STBC, the transmitted symbol pairs are separately decoded, as in the OSTBC case. The new scheme provi
increasingE;, /Ny gain by increasing only the number of feedback bits, instead of increasing the number of transmit antennas
as in the antenna selection case. It is also less sensitive to feedback errors compared to antenna selection.
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Fig. 1. Bit error probabilities for balanced space-time block code selection with three transmit antennas
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Fig. 2. Bit error probabilities for balanced space-time block code selection with four transmit antennas



