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Abstract: Space-time block coding is an efficient method to mitigate channel fading by
providing transmit diversity. However, orthogonal codes providing full diversity while at-
taining fill code rate do not exdst for more than two transmit antennas fr complex valued
constellations. Qhuasi-orthogonal space-time blodk codes achieve fill code rate at the expense
of diversity gaim. In thi study, we propose two feedbadk methods to achieve fnll diversity
and full code rate for quasi-orthogonal codes. In the first method signals radiated from var-
ions antennas are rotated by phasors acoording to feedback from the receiver. The second
method is based npon antenna weighting /zelection possibly with permmtations for the quasi
orthogonal codes. Tt & showm that the performance gap between the tran=mit beamformer
and the quasi-orthogonal codes can be narrowed down from & dB to 3 dB with only two bit
feedback. It is also shown that in the presence of severe feedbadk error, antenna weighting
appears to perform better than antenna selection.

1 Imtroduoction.

Diversity & an effective method to overcome the destrictive effects of fading and to increase the perfor-
mance and the capacity of tran=smisgion over wirdem channds. Two widely nsed types are the tran=mit
and receive diversity. Due to the phy=ical limitations at the mobile =ide, it iz not favourable to employ
receiver diversity. Instead, Space Time Block Codes (STBCs) [2], [3] have been proposed to effectively
obtain tran=mit diversity without channel state mfrmation (81 knowledge at the transmitter. At the
receiver, maximum likelihood (ML) detection i= achieved by linear operations providing full diversity.

Tnfortunately, STB(s providing both fill diversity and full code rate do nat exdist for more than two
transmit antennas for mmplex valued constellations {e.g. Alamouti’s code [3]}, as proved in [2]. In [4],
quagi-crthogonal {QO) STBCE have been introduced as a new family of STBC=. These codes achieve full
code rate at the expense of rednced diversity.

In [7), and independently in [3], a closed loop feedback scheme has been proposed to orthogonalise the
QO-STBCs by rotating the transmitted signalk from certain antennas in a prescribed way. In [7] and [§],
it iz further shown that with ouly two bit feedbadk as facilitated in TTMTS-FDD and for a slow fading
channel, a diversity order of four & achieved.

However, there iz still a 6 dB gap between the perfremance of this feed badk scheme and the performance of
both transmit and receive beamfrrmer type diversities. In [€], an antenna weighting algorithm is proposed
for athogmal STBCs, particnlary fr Alamomiti's block code for two transmit antennas. In this study,
we extend this algnrithm to QO-5TBCs and show that the transmit antenna weighting /selection method
exploits certain stmmctural property of the QO-STBCxs which narrows down this performance gap while
retaining minimal amomint of feedback {2 ar 3 bits).

2 Problem Stateroent.

Far simplicity one receive antenna is considered, generalizsation to multiple recefve antennas & straight-
forward. In [4], Alamouti’s well kncwn STBC, [3], is extended to four antennas to provide the QO-STBC
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where r;,Tq, zzondr, are the symbok sent over foir symbol ntervaks. At +th interval the #+th row is
transmitted from the transmit antennas. The received signal ¥ = [ w2 s y..;]T is represented by

¥y =Xh +n (@)



where h = [fy kg A3 Ao andn = [m) mp ng w7, {3* and {37 denate complex comjugate and
transpose operators, respectively. The term &y represents the fading channe weight between the k-th
transmit antenna and the receive antenna, and ny denctes the noise at the A-th symbol periwl. Bath
{#&] and {n4} are independent identically distributed complex vahed cirenlarly symmetric zere mean
Qanszian random variables with variances unity and o2, respectively.

By complex conjugating certain rows of ¥ as given in [3], [5], we obtain the following representation
¥y =Hx+id (3)

where x = [, 73 75 :r,.;]T is the data vertor and the channel matrix is
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After applying channel matched filtering, we cbtain
g = H'Hx + HYa ()
where {}H stand= for conjugate transpose.

Crthoganal STBCs have the following property A = HYH = #I where § & a code dependent constant
and I & the identity matrix. Therefore, the vectce can directly be used for estimation. However, a
similar property does not hold for Q0 mdes. For the code given in {1} we hawe
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where v = |21 + |a|® + |s|® + |2’y and @ = 2Re {hthy — hihs}.

It &= meen that there is a conpling coefficient @ between the estimates of the data symbols, nommnally
between r; and x; and between 73 and 5. ThiE conpling decreases the diversity gain of the system. In
fact the diversity arder of the open loop QO oode given in (1) is two which is the same as that of the two
antenna Alammiti’s scheme, which can alse be verified by the results in [3] and [4]. Therefore mir aim is
to make a equal to zero.

3 Phase Feedback.

In [7], and [8], it has been showm that the conpling term can be eliminated by multiplying the first and
secomd, or third and fourth antennas by proper phasors. Asmme third and fourth antennas are multiplied
over a owle period by the phasars ¢ and 8, respectively. The new expression for a is 7], [§]

of =2Re |k huet® — hihse) (7)
It can be shown that o = (I has infinitely many scutions which makes the matrix A diagonal at
] =m'cxm(]|ﬂ-ms{¢ +.£)|.]|) — £k provided that ¢ € [0,27) when |A| < ||, or ¢ € [x — & — £, £ — £A]
U[~¢ — £, 7 +£ — 2] otherwise, where x = Atha, ) = hhs, £ = arcoos (121}, and, || and £ are

the absohite value and anpgle {arctan) operators.

Note that, this two phase feedbadk scheme provides sufficient. information on the C3I to make o = (.
Therefore instead of full CSI feedback, we only need two phase variables in the range [0, 27). (mantizsing
these phasors further rednces the amount of feedback which & studied in [7] and [8].

4 Antenna Selection.

Suppese that the transmitted signal is multiplied by a weighting matrix W, which is drawn fram a finite
set (1 = {W,,.., Wk}, based on the feedbadk, the received signal can be written as

¥y =XWh +n (&



Here, we consider the special case of W, the diagnmal weighting as in [6]. At the receiver the quality of
channels is measured in terms of the narms of individnal chamnels and the two bit information to choose
one of the following matrices & sent back to the transmitter,

Wi = {dag{lof a1~ a1 Ja"}} "
wa = {dagfjal,1-]af a1 Jo"}}) "
Wy = {ﬁag{l—|a|2,|ﬂ|2:1—|ﬂ|2:|’"'|2}}1ﬂ
We = {diag{i- o1~ " Jof* Jo"}} ®)

where diag{.} & the diagonal matrix with the terms in the brackets as the diagnnal entries, and |a|® < 1.
The case |a.|2 = (1.5 corresponds to the no selecticn scenario in which all antennsas transmit with equal
prver. In (6], analysi of |.:!.|2 iz given in terms of bit errar rate (BER) and the feedback error probability
{F.}). QD code for four transmit antennas can be viewed as two independent Alamouti schemes, die to
its gronping property. 5o in the first group, if |A,| > A, the first and fourth antennas are multiplied

by |a| and 441 — |a|?, rexpectively, otherwise, by afl— |aj* and |a|, respectively. Similar approach also
applies to second and third antennas. Therefrre two feedback bits are required, one per group.

In the above technique we considered two antenna groups (antennas 1 and 4) and {(antennas 2 and 37,
and chose ane fram each group resulting in four combinations. When |a|* = 1, we could rather choose
the best toro antermas from four antennas remilting in =ix possible combinations. This scheme requires
three bits for the feedback.

E Sirmlations and Besults.

Far our similations, we cosidered QPSK cmstellations, and BER performance is generated agamst
EyfN; where E; denctes bit energy and NV, /2 & the double sided noke power spectral density. The
limear ML algnrithm is used for decoding as in [4]. The simulation results are given for scenarios with
and without feedback. Infinite preckion phase feedback is assumed, but only a slight degradation in

performance can be seen with quantization as shewn in [7].

Fipre 1 depicts the BER comparkan of the proposed feedback schemes with open loop QD-5TBC and
transmit beamformers. The feedback error rate is assumexd to be P ={.001, therefore |a|® & =et to 1 for
best performance. Since |a.|2 = 1 makes the coupling term o equal to (), there is no need for a phase
feedback {but note the improvemnent introdiuced by the phase feedback for high feedback ervor rates). For
transmit diversity schemes, each antenna is multiplied by the complex comjugate of the corresponding
channel coefficient and normalized to have the total transmit power unity. For a fair comparison, we
ako considered a two transmit antenna based beamfrrmer where the best two antennas {acomding to
the quality of the remlting channel} are chosen out of the four antennas. Also it should be noted that
we nsed full OS5I instead of quantised C3I for the transmit beamformers, as then these can be nzed as a
benchmark. But degradation in performance should be expected with quantsation. But fr QO-5TBC,
we assmmed finite bit feedback with two and three bits. The difference between the two anterma tran=mit
beamformer and three bit feedbadk QO-3TBC {when chamnel coefiicients are sorted amornding to their
norms and the best two antennas are chosen) is approsdmately 2.8 dB at BER of 107%. In fact the
performance pain between the three bit feed back and the two bit feedback is only 0.2 dB, which & not
very significant considering the feedback overheads invdved. The performance of Q0-53TB C with antenna
selecticn & more than 3 B better than that without feedback. Therefore, the performance gap between
the QO-3TBC and the tran=mit beamformer i= reduced from & dB to 3 B when feedback is employed.

Due to lack of space we do not give the performance curves of the antenna weighting ms=e {|a| < 1).
We investigated the performance for different feedbadk errar rates, P, =0.1, and £ =0.001. The results
revealed that for the low SNE region, the best sdection for |-:!.|2 B 1 resilting in the antenna =electicn
diversity algnrithm. But at high 3N¥5, the weighting algorithm is more attractive. It is interesting to note
that the phase feed back provides robustness against the deviation in |a|?, becanse the performance remains
cloze to the minimum pant over a wide range of |a.|2. The reason for this & due to the orthogonality that
has alveady been achieved by the phase feedback. Ako note that the BER performance for phase feedback
iz better than that without phase feedback for varions values of |a.|2 < 1. When |a.|2 = 1, schemes with



and without phase feedbadk provide identical BER, pexfarmance becanse the conpling term « is zero in
boath cases.
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Fipre 1: The BER performance comparison of the gpen loop quasi-orthogomal code, the transmit beam-
former with 2 and 4 antennas, and the proposed phase feedback and the antenna selection feedbadk {i.e.
|2|=1} schemes, F. = 0.001

8 Conclusions.

In this study we proposed a simple feedback scheme for an antenna weighting /selection algnrithm for
QO-S5TBC=. These feedback techniques not only increase the diversity perfarmance but also exploit the
structural property to orthogmalise the QO-5TBC. In the presence of severe feedback error, setting the
anterma weight |a|® less than one provides better performance. Moreover, the phase feedback appears
to relax the sensitivity of the gptimum antenna weights. However, o low feedbadk errce rate, antenna
selection method (i.e. |a? = 1) seems to perfarm better. Also in a low SNE, environment, the antenna
selecticn method always performs better regardles= of the feedback error rate. It is also shown that
the proposed scheme narrows down the performance gap between the QO-5TBC= and the transmit
beamformer techniques by more than 5 dB with only two bit feedback.
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