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Abstract—Antenna selection (AS) has been introduced to transmitter and receiver sides. Telecommunication stalsda
benefit from MIMO gains with tolerable cost and complexity define the use of more than dual antennas, e.g., up>tot
where the transmission is only done via best antennas. In the 5. tha WIMAX and 8 x 8 for the LTE-A [9]. In contrast
literature, the AS has been addressed only for the case of uncadie . . !
MIMO systems. In order to be closer to practical systems, we .the use of _MIMO techniques lead to a complexity and C(_)St
assess in this paper the benefits of transmit AS technology for increase with respect to SISO systems at both transmitter
coded multiple-input dual-output (MIDO) systems. We start by and receiver sides. Transmitting on multiple antennasirequ
designing space time codes (STCs) suitable for coded MIDO multiple analog radio-frequency (RF) chains which comgpris
systems employing the transmit AS. Furthermore, we show that expensive hardware blocks. The implementation of a high

transmit AS provides a substantial SNR gain of more than3 dB b f RE chai . t al ible d ¢ hvsical
with respect to a conventional2 x 2 turbo coded WiMAX system, NUMDEr o chains IS not always possible due to physica

and this, with a low cost and complexity increase. and economic constraints, e.g., small handsets. Furthiermo
the detection complexity increases with the number of trans
|. INTRODUCTION antennas for a full-rate transmission [8].

Most of modern wireless communication systems as Antenna selection (AS) techniques have been proposed as
WIMAX, WiFi, LTE and LTE-A have adopted the use ofa means to benefit from expected MIMO gains with tolerable
multiple antennas at the transmitter and the receivergdallcost and complexity [10-13]. Here, transmission and reégept
multiple-input multiple-output (MIMO). Indeed, MIMO cod- are performed only through a subset of the available anggnna
ing potential benefits are data rate increase and bettabileli thereby reducing the system complexity and the number of
ity. Spatial multiplexing techniques [1] have been incogted required RF chains. In our work, we focus on AS at the
for data rate increase whereas space-time block codes (§TB€ansmitter side. Indeed, AS at the receiver side is not rec-
[2, 3] have been designed to improve the channel reliabiligmmended as it can lead to a considerable reduction in the
through spatial diversity. Multiplexing and diversity gai system capacity. Transmit AS is a good approach to benefit
can be simultaneously delivered with a fundamental trddedfom MIMO system gains with low cost and complexity [14].
between them [4-6]. For a MIMO system employing the AS technology, it has

Full-rate full-diversity STBCs for MIMO systems are con-been shown that FD STBCs like the Alamouti code [3] can
ventionally designed according to the well-known asymiptotbenefit from the maximal channel diversity, i.8/; IV, at high
rank-determinant criteria [2]. These criteria aim to magien SNRs [12]. In this paper, we focus on the study transmit AS
the diversity gain and the coding gain of designed STBCs fat practical coded MIMO communication systems precisely
high signal to noise ratio (SNR). However, STBCs designed systems having dual receive antennas or multiple input dual
perform well at high SNRs do not guarantee a good behavioutput (MIDO) systems. In order to compare this work with
at low SNRs. Powerful forward error correction (FEC) codesyorks in [7, 8], we consider as a reference for gains assegsme
usually present in the transmission chain, achieve iteratia 2 x 2 turbo coded WIMAX system.
convergence at low to moderate SNRs. FEC decoding isThe remainder of this paper is organized as follows. We start
extremely sensitive to its input bitwise mutual informatioin Section Il by presenting the MIMO system model under
(BMI) value. The higher the BMI at the input of the FECconsideration, the transmit antenna selection technotogy
decoder, the lower the error rate at the output of the decoditle employed selection algorithm. In Section IV, we study
Therefore, we have proposed in [7,8] a non-asymptotic STiBe transmit AS for uncoded MIDO systems. In Section V,
design criterion based on the BMI maximization at a specifige design efficient adaptive STBCs for coded MIMO system
target SNR. with AS. Afterwards, we assess the gain provided by an AS

In [7,8], we have examined the improvement of standardn transmit antennas, with respect to classical WiMAX coded
ized STBCs for coded MIMO systems with dual antennas aystem. Section VI concludes the paper.



Il. SYSTEM MODEL AND NOTATIONS

We consider a coded MIMO system with; transmit b FEC L] T[S moam AS
antennas,V, receive antennas operating over a quasi-static encoder Mapper |- X
uncorrelated flat Rayleigh fading channel, i.e., the chhnne
changes for each transmitted MIMO codeword of len@th

P
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A perfect channel state information (CSI) is assumed at the t hd
receiver, but not at the transmitter. We assume that a low- | St sTBC detecor | & : e 1 b
rate error-free zero-delay feedback channel feeds thefset o r Y 1 I ) decoder [

best transmit antennas to the transmitter evérychannel

use periods. This set is determined by a selection algorithm Fig. 1. Structure of the system at the transmitter and theiverce

operating at the receiver side. The system is described as

follows (see Fig. 1): used, it is clear that the best AS algorithm is done by chapsin
Transmitter sidean information wordb is encoded via a the«) transmit antennas with highest norms [12, 14, 16]. Every

powerful FEC code C with ratd?.. Resulting codeword is T periods, the receiver selectsof N, columns as
interleaved with a random interleavHEr following a bit inter-

leaved coded modulation (BICM) scheme [15]. We denote by max i i |2 3)

c the interleaved codeword.is mapped onto a Gray encoded GE{L - N} j <o "

M-QAM constellation wherd/ = 2™ is the modulation order . - ]

and m denotes the number of bits per symbol. The mappifere ¥ is the set of already selected antennas. Whea

feeds a block of x T QAM symbols denoted bys; to the 1, the selected se?¥ is fed to the transmitter. The selection

STBC MIMO encoder. Afterwards, STBC encoder outpit algorithm requires a computation of the channel coeffisient

. 1 2 . . .

is only transmitted via the selected best transmit anteriftes NO™MS|%i;|~ and their summation. Its complexity @ (N, N;.)

unselected transmit antennas are deactivated. which is small compared to the detection complexity equal to
The MIMO channel is defined by the matriiy, O (MNT) [8] especially for high order modulations.

where its entriesh;; are assumed to be independent and In the sequel, we consider the selection of dual antennas
i .
identically distributed (i.i.d.) circularly symmetric mplex ©Of the N available ones« = 2 < N;) and we assess the

Gaussian random variables with probability density fuoreti ransmit AS gains in the context of a turbo coded WiMAX
(pdf) ~ CN(0,1). CN(u,02) denotes the complex Gaussiarsystem with respect to a classicak 2 system as in [7, 8].
pdf with meanu and variance 2. h;; is the channel coefficient I1l. STATE OF THE ART 2x2 MIMO STBCs

between the thg—th transmit and theé—th receive antenna. ,

A complex white Gaussian noisN |y, ) with i.i.d. entries A. WIMAX 22 MIMO profiles

and pdf~ C'N(0,0?) is added to the received signals. As an example of a 22 MIMO system, we consider the
The channel input-output relation is given by worldwide interoperability for microwave access (WlMAX)
system which uses the MIMO codes specified in the IEEE
Y=HX+N (1) 802.16e-2005 standard [17]. Two mandatory MIMO profiles

are described for the downlink. The first represents the Alam
outi code introduced for transmit diversity, referred to as
matrix A (MA). It offers full-diversity (FD) but is only haH
rate. The second profile is the full-rate (FR) spatial midsip

Receiver sideN, x T' noisy signals, denoted bY v, « 77,
are received on thév, antennas. A soft ML STBC detector
estimates the transmitted/-QAM symbols and feeds the

P(¢; = 1) (¢ is the i-th bit of codewordc), denoted by . “*: o 1
¢;, to the deinterleaver. These probabilities are deintegiéa ing introduced for spectral efficiency increase, refereds

then provided to the FEC decoder. Resulting hard decod®@{rix B (MB). In order to benefit from both diversity and
information wordb is compared td to compute the BER. multiplexing gains, another MIMO profile is included in the
In the sequel, we denote bl the set of best antennas ThéEEE 802.16e-2005 specification, referred to as matrix CYMC
cardinalitys) of the set® is chosen depending on the tolerabl&/NiCN is @ variant of the Golden code [18].
complexity. The system transmitting overselected transmit B, STBCs for 22 MIMO system
antennas ofV; is denoted by(v/N;) x N,..
Antenna Selection AlgorithnThe channel matrix is explic-
itly defined as:

Several FR-FD STBCs have been proposed®fo? systems
[18-25]. Among them, the trace-orthonormal (TO) STBC has
a flexible structure designed from both information-théore
hi1 hig -+ hin, and detection error viewpoints [19]. By varying one of the
ho1  hea -+ han, code parameters, the performance of the TO STBC varies

. . . (2) significantly. In [7], we have taken advantage of this featar

order to design a flexible TO-based STBC fok 2 systems.
The resulting structure has been shown to at least match and

Depending on the channel conditions, many selection ah some cases overcome existing STBCs for a wide range of
gorithms exist in the literature [10-12, 16]. When a STBC iSNRs and this without increasing the system complexityrorde

H =

hn.1i hn.2 -+ b,



[ 20 V. TRANSMIT AS FORCODED MIMO SYSTEMS
D= = e In this section, we recall the BMI criterion then we design
02 . | adaptive STBC suitable for coded MIDO systems using trans-
e s T g | mit AS.

5" e Y-, 3 [ ™« A BMIcriterion and adaptive MIDO STBCs

@ 4 . . . . . .
10 vaﬁ ‘ i, The asymptotic rank-determinant criteria optimize STBCs
. ‘\*‘ - for high SNRs [2]. Most of practical communication systems

- are planned for low to moderate target SNRs due to the
101—y—y—y—y—1—§—\1%Fﬁ introduction of a powerful FEC code. Therefore, the STBC
o } | } } } } F ‘ parameter optimization should target this SNR range. Based
0 2 4 6 8 10 12 14 ﬂi 18

on the maximization of the BMI between transmitted and soft
detected bits, we have proposed in [7,8] a non-asymptotic
Fig. 2. Uncoded BER of2 x 2 WIMAX profiles: MA with 16-QAM  design criterion aiming at choosing the appropriate design
of N; = 2 and4; quasi-static flat Rayleigh fading MIMO channel. At a SNR value, the BMI is computed as in [26], by:

Ebu/No (dB)

IV. TRANSMIT AS FOR UNCODEDMIDO SYSTEMS BMI(¢;c) = 1 — Ellog,(1 + exp(—L))] (4a)
In this section, we assess the gain obtained by transmit AS 1 &
technology for MIDO systems without any FEC codes. We ~l- > logy(1 + exp(—un.Ln)) (4b)
consider the WIMAX profiles i.e., the Alamouti code (MA), n=1 X
the spatial multiplexing (MB) and the Golden code (MC). with{L" = IH%
A fair comparison between FR MB and MC codes, and the u, = (=1)

half-rate MA code is done at the same spectral efficienqynere is the mean function anél denotes the log-likelihood
Theref20re, we use a/-QAM modulation for the FR profiles ratio (LLR). V is assumed to be large enough to accurately
and M*=-QAM modulation for the MA. estimate the BMI. The BMI value is assessed by Monte Carlo

Fig. 2 depicts uncoded BER curves as a functiowf/No  gimulations by passing &/-bit sequence into the mapper, the
for MA with 16-QAM modulation in green curves, and for MBgTec. the MIMO channel and the soft ML detector.
scheme in blue curves and MC in pink curves WiHQAM

modulation.E;, denotes the energy per bit for uncoded MID@3. Adaptive Trace-Orthonormal STBC

system andV, the noise power spectral density. Dual transmit |n this section, we design TO-based adaptive STBCs for

antennas are selected out§f = 2 and4. each(2/N;)x N, system according to the BMI criterion. The
Fig. 2 shows that the FD MA and MC profiles benefit fronTO STBC is defined by the matriX™. A group of 4 data

both diversity and SNR gains. The slope of their BER curvegmbols(S;, Ss, S3, S4) is transmitted as follows:

is steeper for higher number of available transmit antennas 1 X X

Indeed, the FD profiles i.e., MA and MC benefit from all the X0 = _— [ o2 ] (5)

available channel diversity as their BER curves slope isaequ V2 | Xa1 Xa

to N; N, at high SNRs. Moreover, the FR-FD MC overcomewhere

the MA as: 1) MA uses a6-QAM modulation while MC uses

a 4-QAM modulation and 2) MC benefits from MIMO coding X = (?j + 52) cos 6+ (53 — 57) sinf (62)
gain. On the other hand, the slope of BER curves for the MB X1z = €% ((S3+ Sa)sint + (S; — S3) cost) (6b)
scheme remains the same with the increas&/ofThis result Xy = €7 ((S3 4 S4)cosf + (S5 — S;)sind) (6¢)
is expected as the MB scheme does not provide any transmit Xoz = (Si+S)sinf+ (S — S3)cos 6 (6d)

diversity. The MB scheme only benefits from SNR gains.
At a target BER equal t@0—?, the MC code overcomes theS* designates the complex conjugate$fandé is the code

MA code with a gain of3 dB and the MB code witlT dB for design parameter to be optimized according to the selected

(2/4)x 2 system. The SNR gain between the FD profiles aratiterion.

the MB profile increases with the SNR as the slope of BER In [19], an exhaustive search is performed in order to

curves for the FD profiles is steeper than the MB one. maximize the minimum determinant. This search leads to a
The transmit AS provides an important gain for MIDQY = 3 arcsin == ~ 13.28° and a coding gain equal to the one

systems that are not using powerful FEC codes. This gainasthe MC code. We recall that the rank-determinant criteria

prominent at high SNRs. However, practical MIMO system@] are suitable at high SNRs while practical communication

usually use such codes converging at low to moderate SNRssiistems operate in the range of low to moderate SNRs due to

the sequel, we study the transmit AS gains for coded MIDtbe introduction of powerful FEC codes.

systems. We evaluate transmit AS gains in the context of aln [7], we have shown that the BMI depends éh,, /Ny

turbo coded WIMAX system. and the modulation ordév/. Therefore, we have computed for
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Fig. 3. BER of turbo coded2/3) x 2 system; 8-state double binary turboFig. 4. BER of turbo coded2/5) x 2 system;8-state double binary turbo
code R. = 1/2, 5/6) with 8 turbo decoding iterations and information framecode ®. = 1/2, 5/6) with 8 turbo decoding iterations and information frame
size k = 4,800 bits; MIMO profiles: Alamouti code (MA) with16-QAM  size k = 4,800 bits; MIMO profiles: Alamouti code (MA) with16-QAM
modulation and spatial multiplexing (MB), Golden code (MCyadaptive modulation and spatial multiplexing (MB), Golden code (MCpadaptive
TO with 4-QAM modulation; quasi-static flat Rayleigh fading channel. ~ TO with 4-QAM modulation; quasi-static flat Rayleigh fading channel.

eachM and Ey, /Ny with a step 0f0.25 dB, the appropriaté

maximizing the BMI of TO code. A polynomial interpolationPy: Evu/No = Eb/No +10log,(R.) where £y, is the energy
has been performed to obtain an analytical approximation Bgr information bit. 2) The obtaines;. /Ny is introduced in
obtained values. Following the same method [7], the desi§fuation (7) for(2/3)x2 system and (8) fo(2/5)x2 system.
paramete of the TO STBCs is optimized for ead/N,)x  Iherefore, the appropriateis obtained.

N, system as a function o/ and Ey, /Ny. We denote the  Fig. 3 and Fig. 4 plot the BER curves for = 2 selected

obtainedd by @5 . transmit antennas out of; = 3 and N, = 5 available ones,
For a4-QAM modulation, the adaptive TO STBC designrespectively. Both figures show that adaptive TO codes are
parameter is computed f@2/3) x 2 by: more suitable for practical communication systems sineg th
45°; FOr Eyu /Ny < —3.25 dB offer the best performance for all code rates. However, Hee u

2o \3 B \2 5 of classical non adaptive codes, i.e., MA, MB and MC codes
94§Q§M2 _ ) 0.52 (Nfbo) +2.51 <Nf’§) —5.74 (#’:) (7) introduces a performance loss up(a dB for some coding
(2/8)x +17; For —3.25 < E,, /Ny < 0.75 dB schemes.

13.28°; For By, /Ny > 0.75 dB In addition, we evaluate the gain of transmit AS with respect
And for a(2/5)x2, 6:9M is given by: to the classical t.urpo codexk 2 WiMAX system. We consider
(2/5) /52 199 y the best transmission for each system, i.e., its the adapv
code and a target BER equal t6—°. The gain of(2/3) x 2

45% For By, /No < —5.75 dB system is more thaf dB and the one of2/5) x 2 system is

3 2
groAM 0.23 (%) +4.85 (%) +18.26 (%Ou) ®) more than6.35 dB. This SNR gain increases with the total
(2/5)<2 +32.5; FOr —5.75 < Ey /Ny < —2.5 dB number of transmit antennas. Table | summarizes transmit AS
1?;.280' For E, /N:> _95dB gains for a(2/N;) x 2 system with respect to classical turbo

coded WIMAX system, for several number of antenfgs—=
Based on the TO structure, an adaptive STBC can Bey 5 and coding rate®, = 1/2,5/6.

designed for every2/N,) x N, system. On the other hand, the comparison between both figures

C. Simulation results shows that the AS technique does not provide any additional

For the WiIMAX system, the used FEC code is &state diversity gain as the same slope for BER curves, equal to
double binary turbo code. In our simulations, such a code ¥ One for2 x 2 system without AS (in [7]), is obtained at
used with rates®. = 1/2 and5/6 and an information frame the same COd"?g raté;{c- Ir]deed, the capac[ty-approachlng
size of4, 800 bits. The number of turbo-decoding iterations (§EC code achieves iterative convergence in the low SNR
equal to8. A random BICM interleaver is used. The numbef€9ion where the effect of additional spatial diversity &t n
of receive antennas i%/, — 2 and the number of selectegP@ramount. The AS gain is then obtained due to the obtained
antennas i) = 2 out of N; = 2,3,5 transmit antennas. A SNR gain.
4-QAM modulation is used for the FR codes and@@QAM Finally, the use of AS technique and adaptive TO codes
modulation for the Alamouti code (MA). is a promising approach for coded MIMO systems as it

For the adaptive TO codes, the appropriétess computed offers a substantial SNR gain with a low additional cost and
as follows: 1) Passing from global system to uncoded MIM@omplexity increase.
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