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Novel Full-Diversity High-Rate STBC for
2 and4 Transmit Antennas

Sushanta Das, Naofal Al-Dhahir, and Robert Calderbank

QPSK x1
Mapper

space-time block code (STBC) for QPSK an@ transmit antennas
(TX) by enlarging the signalling set from the set of quaternions
used in the Alamoulti [1] code. Selective power scaling of informa- ‘ bo ‘ bl b2 ‘ B b ‘
tion symbols is used to guarantee full-diversity while maximizing
the coding gain (CG) and minimizing the transmitted signal
peak-to-minimum power ratio (PMPR). The optimum power QPSK X2
scaling factor is derived analytically and shown to outperform Mapper
schemes based only on constellation rotation while still enjoying bOL@\
a low-complexity maximum likelihood (ML) decoding algorithm.

Finally, we extend our designs to the case of TX by enlarging bo=1 [

the set of Quasi-Orthogonal STBC with power scaling. Extensions ﬂ

to general M-PSK constellations are straightforward.

Abstract—We design a new rateg full-diversity orthogonal T

Index Terms—STBC, quaternions, coding gain, peak-to-

L . Fig. 1. The block diagram of raté-STBC for QPSK modulation.
minimum power ratio.

|. INTRODUCTION O — EF € Q while forE € Q andF € @ — EF € 9. We will
UR objective in this letter is to design a new class of fulluSe the expanded sstto construct new high-rate> 1) full- -
diversity high-rate > 1) space-time block codes (STBC)dlversny_ space-time block che Wlth low complexity decoding
by exploiting the inherent algebraic structure in existing oRnd optimized available coding gain.
thogonal designs based on quaternion2ftnansmit antennas

[1] and quasi-orthogonal designs fértransmit antennas [5]. Il. PROPOSEDCODE FOR2 TX
The simplest example of a complex orthogonal design is tle Transmission Scheme
2 x 2 code

The columns of@ represent different antennas, the rows
R represent different time slots, and the entries are the two
—z5  x] symbols to be transmitted assuming a quasi-static flat-fading
channel. Our code construction is applicable to any M-PSK
. . . ; . constellation. However, to simplify the presentation, we will
conjugate transpose. This code achieves raefull diversity focus onQPSK modulation. In our proposed scheme, the

and enjoys low-complexity ML decoding using matched f||

ransmitted space-time signaling matrix is selected from either
tering. The correspondence between Alamouti matrices a

4O Q according to an additional information bit ©f or

quaternions means that the set of Alamouti matrices is clos

respectively (Fig.1). Hence, the proposed scheme achieves
under addition, multiplication and inversion. Consider the set

a 25% information rate increase compared to the traditional

Q of x given by2 x 2 orthogonal matrices Alamouti scheme forQPSK modulation without requiring

Q(x1,x2) — {

discovered by Alamouti [1] wheré.)* denotes the complex-

~ 1 0 any additional system resources (power or bandwidth).
Olay,22) = [ ‘;”; —x;’{ } = [ 0 1 } Q(z1, 22) y y (P )

Then, Q is a multiplicative groupQ is a coset ofQ, and the B COd? Design (.3r|'fer|a
union S = QU Q is also a multiplicative group. FOE,F e Consider two distinct codewordS;,S; € S. In order to
ensure full spatial diversity, the codeword difference matrix
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QPSK constellation, this scaling results in an overall signtie two transmit antennas to the mobile a@re hs, and the
constellation consisting of two concentric circles of ratlii noise samples;, z2 are independent samples of a zero-mean

and+. complex Gaussian random variable. The channel maifrix
is a quaternion and we had@oHy = (|h1]? + |h2|?)T2. Two
C. Finding the Optimum Power Scaling Factor simple matched-filtering operationfl,Ro andHgR 5 are

The main objective of introducing the power scaling factd:}erfgrmed .to generate two candldafce solutions, nangly,
ndS s which are then compared using the metfie; o] —

K is to ensure full diversity for theT proposed h|gh—rate STB " hal S|2. The decoding oft, follows directly once the
Since K > 1, the average transmitted power is even reduced” . .
ecision betweei$g or S5 is made.

compared to the case of no scaling. Two important selection
criteria for K are maximizing the CG and minimizing the
PMPR resulting from power scaling. If the QPSK symbols IIl. EXTENSION TO4 TRANSMIT ANTENNAS

on the outer constellation circle are normalized to unity, and Consider the following example of a ratefull-diversity
the radius of the inner circle ig-, the PMPR equalgc®. complex quasi-orthogonal design [5], [7].

In addition, CG is defined as the minimum product of the T o y1ei° yoed?
nonzero singular values @ over all distinct codeword pairs. —} ot _yge—je yike_je
We propose to seledt by optimizing the cost function: ¢ = _yre—je _y;e—je ot o
K CG y2€j0 —yleje —x2 T
o = argmax ——— iy ) )
Pt K>1 PMPR _ Q(x1,12) Q(y}eje,ygeje)
= argmax mlnSz‘EQ,SjEQ,Si#Sj det(BB ) N L —Q(y16]97y26]9) Q(xlaxQ)
K>1 K2 where the information symbols:, z2,y1,y> belong to M-
The two codewords have the form PSK constellation and the rotation angleis dependent on
T X9 Y1 Y2 the signal constellation. For QPSK constellations (which are
Si = [ o5 ot ] ;8= { (ﬁ)* _(ﬁ)* the focus of this letter)p = Z is the optimum rotation angle.
K K Here, © denotes the complex conjugateithout transpose
Hencedet(BB®) = det(B)det(B") of v% 4 the sianaling set and the rab o
22 2 fex y 12 e expand the signaling set and increase the ra r
— [(1 - K2)* + K}[;z(myl + 2295)]’] QPSK) by considering the following code
There exists specific choices g} and{y} (e.g.whenz; = o | - Qanwe)  Qyie’” yae’)
y1 andzy = —ys) that result inz,y; + z0y5 = 0 and these Qy16? y2e7%)  —QO(x1,22)

choices set the minimum value a@ét(BB*) with respect to

{x} and {y} and irrespective of. Therefore, we can write W10Se Symbols are scaled by a factpr as in the2 TX

case. For QPSK, encoding proceeds as follows. From each
[1 - Kz] stream of nine information bits at the encoder, the first
K3 information bit selects betweef’} and{C}, whereas the last
eight information bits are first mapped infoQPSK symbols
x1,T2,Yy1,y2 and then space-time encoded as follows:

K,,; = argmax
°op IR4

Simple first and second derivative tests yield thaf; = /3.
Similarly, for any M-PSK constellation, the value &f can be
optimized offline as a function of/ and the achievable rate

bo=0) = | ~2@nz) o Qe ye)
in this case isl + 55177 o —Q(y1e,y2e??) Qa1 22)
lexi di (bo = 1) _ Qunwn) Qe yae”)
D. Low-Complexity Decoding Q167 , yei?) — Oy, a0)

The output symbols-, o received over two consecutive

symbol periods can be represented as follows: Following the analysis for theé TX case in Section II-C, it is

straightforward to show that to ensure full diversity, we must

have K # 1.
PR EY e
2 N —hy M 2 2 A IV. NUMERICAL RESULTS
Ro Ho So Zo We assume QPSK modulation, a single antenna at the
and receiver, and coherent ML decoding. Figure 2 shows that
/ the ratio 5%~ reaches its maximum ak” = /3 which
(3 )= n H AL F %[ 2 I corroborates our analysis in Section II-C. In Figure 3, we
T2 7T ) ‘1 %) (%) 2 A1 . .
~ - et — compare our proposed raﬁecode with the Alamouti [1]
Q e i ° code using the measure of Effective Throughputlefined

whereRg andR g are2 x 2 complex matrix representationsasn = (1 — FER) * R x log,(M), whereR is the code rate,
of the received signals corresponding to transmitted codewordsis the constellation size, andEZR denotes the frame error
in the form of Q and Q, respectively. Thepath gainsfrom rate. This Figure shows that at high SNR (where FER),
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Fig. 2. CG to PMPR ratio for differenf values. Fig. 4. Effective throughput comparison between ratquasi-orthogonal

code and proposed ra%code for QPSK and Tx.

2.5

tradeoffs between control over PMPR and reduction in coding
gain. It is also possible to turn this coding loss into gain by
introducing block codes for the fading channel as in [6]. For
an overall rate ofl, this combination of coding techniques
outperforms the Alamouti code [1] at the price of higher
decoding complexity.

V. CONCLUSION AND FUTURE WORKS

We exploited the algebraic structure of quaternions to design
and optimize a novel high-rate, full-diversity STBC far
transmit antennas. We introduced the concept of selective
power scaling to guarantee full diversity for the designed code.
The power scaling factor was further optimized to maximize
available coding gain while minimizing transmit signal peak-
to-minimum power ratio. Furthermore, we extended this con-
code arept tod TX using the quasi-orthogonal STBC structure where
we designed a new ratg-code.

Currently, we are investigating the possibility of increasing

our code achieves a higher throughput level of 2.5 bits pél€ rate of oue TX STBC to accommodate and3 additional

channel use (PCU) whereas the achievable throughput for thormation bits (in stead of just additional bit as in Section
Alamouti code is2 bits PCU. We can observe a cross-ovef-A) using additional members of th@ and Q families of

point at an input SNR level of6 dB. Since it is reasonable O"thogonal matrices [3].

to assume that we know the operating input SNR level at
the transmitter, we can switch between the Alamouti code
and our proposed code to maximize throughput at all SNR!

Effective Throughput
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—#&— Rate 1 Alamouti Code
—©— Rate 5/4 Code w/ K=sqrt(3)
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Fig. 3. Effective throughput comparison between Alamouti
proposed rateZ- code for QPSK an@ TX.
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