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Antenna Selection in MIMO-OFDM systems

David Nuiiez Cuadrado, Jodo Cal-Braz and Raimundo Sampaio-Neto

Abstract— MIMO-OFDM results from combination of two
well-known effective strategies used in many of today’s com-
munication technologies. It unites the well-known advantages
of MIMO communication, such as high data rates and im-
proved link reliability to the characteristics of OFDM, known
as intersymbol-interference-free communication and simple
frequency-domain equalization. This paper presents in detail
the signal modelling of MIMO-OFDM system and the adequate
processing at the receiver to perform decoupled detections per
OFDM subsymbol. In addition, antenna selection strategies are
proposed to increase system performance by exploiting a scenario
when the transmitter is equipped with more antennas than
the number of radiofrequency (RF) chains. Simulation results
evidence that antenna selection strategies result in significant
system performance improvement.

Keywords— Multiple-Input Multiple-Output (MIMO), Orthog-
onal Frequency Division Multiplexing (OFDM), antenna selection

I. INTRODUCTION

Wireless communication systems have experienced an ac-
celerated evolution in the last decades caused by the strin-
gent requirements in terms of data rates, latency and energy
efficiency. Among the recent developments achieved so far,
Orthogonal Frequency Division Multiplexing (OFDM) and
Multiple-Input and Multiple-Output (MIMO) figure in most
of the current communication technologies, due to their indis-
putable effectiveness.

International mobile telephony standards organization has
settled OFDM as the main waveform for the fifth generation
(5G) mobile service radio access [1], endorsing the well-
known advantages of OFDM communication. OFDM tech-
nique is a spectrally efficient modulation scheme that trans-
forms a broadband channel with frequency-selective fading
into a set of parallel narrowband channels with frequency-flat
fading, avoiding the occurrence of intersymbol interference
and simplifying the system in terms of equalization [2].

MIMO communication is an emerging technique that of-
fers various advantages through the deployment of multiple
antennas at the communicating nodes. Channel capacity that
increases linearly with system size is achieved, resulting in
high data rates by the exploitation of the spatial domain.
Secondly, the diversity gain experienced by the multiantenna
systems offers improved reliability of the transmission link,
mitigating the deleterious effect of fading [3].

Most MIMO literature assumes frequency-flat fading chan-
nel and, when stated otherwise, assumes the use of OFDM
transmission to build an equivalent system model that reverts
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the frequency-selective environment back into frequency-flat,
taking the particularities of MIMO-OFDM system for granted
or leaving them unspecified [4], [5].

Thus, the combination of both techniques results in system
with enhanced performance and more resilient to communi-
cation errors. The main drawback of a MIMO-OFDM imple-
mentation is the cost, in terms of size, power consumption
and hardware complexity, which is scaled with the number
of antennas since there is a radio frequency (RF) chain and
an OFDM modulator associated to each antenna element [6].
In order to overcome this challenge, strategies that can lower
the energy consumption and the cost of implementation and
operation are required.

Antenna selection strategies have been considered in several
frequency-flat MIMO scenarios as viable solutions that reduce
the hardware complexity through the use of a number of RF
chains smaller than the number of available antennas in the
system [6], [7], [8] . The underlying idea is to use a reduced
number of RF chains and, based on the current channel
characteristics, choose a subset of available antennas more
adequate to communication to which the RF chains should
be connected.

Several antenna selection schemes have been developed,
mainly for single-user MIMO communications. The selection
criteria range from minimizing the symbol error rate [7] or
the channel matrix condition number, to maximizing channel
capacity [9], among others. When the multiuser scenario is
considered, relevant works consider the maximization of the
signal-to-leakage and noise ratio [10], [11].

The goals of this paper are twofold: develop a detailed sig-
nals and system modeling in MIMO-OFDM scenario. First, a
standard MIMO-OFDM is considered, followed by a precoded
MIMO-OFDM, aiming at complexity reduction for detection
at the receiver. Having the complexity reduction motivation at
aim, two antenna selection techniques are presented, namely
Mutual Information Method and ~y-Parameter Method.

Notation: Boldface letters will be used for matrices (capital
letters) and vectors (lowercase letters); (-)*, (-)7 and (-)¥ de-
note conjugate, transpose and Hermitian (conjugate transpose),
respectively; [ A]' is the pseudo-inverse of matrix A; E[ -] is
used to represent expectation and Tr{-} to represent trace. Iy
denotes the N x N identity matrix. Further, diag{v} stands
for a diagonal matrix with the components of vector v on its
main diagonal. We have used i.i.d to refer to independent,
identically distributed random quantities.

II. SYSTEM MODEL

Before addressing the Single User MIMO-OFDM (SU-
MIMO-OFDM), we briefly describe the baseband discrete
model of classical Cyclic-Prefix (CP)-OFDM.



XXXVII SIMPOSIO BRASILEIRO DE TELECOMUNICACOES E PROCESSAMENTO DE SINAIS - SBrT2019, 29/09/2019-02/10/2019, PETROPOLIS, RJ

Let d be the data vector with length M (number of sub-
symbols in the OFDM block, belonging to a complex signal
constellation, e.g. PSK, QAM, with symbols drawn from the
set M), is to be transmitted through an L-tap frequency
selective dispersive channel and received in the presence of
additive noise. It is well known that, if the length of the cyclic
prefix is not less than L-1, the received vector (after cyclic
prefix removal and the DFT operation) can be expressed in
the form:

y=Dd+n, (1)

where D is a diagonal matrix that contains in its main diagonal
the components of the discrete channel frequency response,

D; 0 ... O
0 Dy ... O
D=| . . = diag(VMWyh,) (2)
: : 0
0 0 Dus

where W) is the normalized DFT matrix (W3, Wy = Iy)
and vector h. contains the baseband discrete channel impulse
response h = [hy, hy, ... ,hL]T padded with M — L zeros [2].

A. SU-MIMO-OFDM

The system under consideration (MIMO-OFDM) is repre-
sented in Figure 1. Both transmitter and receiver have multiple
antennas. The discrete channel impulse response vectors h;; ,
i=1,2,..., Np, j =1,2,..., Np are assumed i.i.d. The set of
data vectors {d;,ds,...,dn; } are arranged by rows forming
the data-matrix ©, illustrated in Figure 2. The N7 transmitted
OFDM blocks are the columns of the matrix 7 = Wﬁ@T.
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Fig. 1. Block diagram of the baseband discrete model of a MIMO-OFDM
system.

Considering (1), (2) and the model in Figure
(1) we can express the received signal vector

T
y= [y?v ygv ay%R] syke(CJWXI’k:]-va'“?NR?
as
y=Hd+n, 3)

where d = [dT, dF, A% )T, dy € MM g
1,2,..., Ny, and E[dkdkH] = E I, thus Ey corresponds to

d1 d1|v| d12 d11
dz d2|v| d22 d21
dNT dNrM der dNT1

Xy x;

Fig. 2. Data-matrix © for MIMO-OFDM system.

the average symbol energy. The M Nrp x M Nr matrix H
contains the NpNr diagonal matrices corresponding to the
NgNr channel vectors {h;;}:

D' 0 ... 0] DI 0 ... 0 1
0 D' ... 0 0 DYT... 0
0o 0 Djj 0 0 ..DY7
H= : ; @)
DYEY 0 0 7 DYENT 0 .0
0 DYR' 0 0 DyENT .0
Lo o o] Lo o pyev
. T
The noise vector n = [n{, nj, ,ny. ]", where
n = [nll ngo ... mM] , 1 = 1,2,...,Ng, are complex

Gaussian vectors, statistically independent with zero-mean and
covariance matrix Kp = E[nyn/’] = 021,,.

Considering the received signal y given by (3), classical
suboptimum detection schemes (e.g. Zero-Forcing (ZF) and
Minimum Mean Square Error (MMSE) linear detectors) can
be used to detect the data vector d. However these schemes
involve the M N x M Nt matrix H in (4) and may require the
inversion of very large dimension matrices when the number
of transmitting and receiving antennas or the length of the
OFDM blocks is high.

Taking a closer look at expression (3) and matrix H in (4),
we conclude that the components of the received vector y can

be rearranged to yield y = [r{ r .. rﬂ]T where

I = DX, + i (5)

X, = [dim  dam ... dNTm]T is the m-th column of the data
matrix ® in Figure 2, D,, is a N x Np submatrix of H given
by

; m=1,2,.., M,
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11 12 1N
Dm Dm Dﬂ’LT
D2t p22 . pANr
Dp=| . . . , (0
D%Rl D%R2 D”]‘XIRNT

and the noise vector n,, is complex Gaussian with covariance
matrix 02Iy,, . Furthermore, if the channel vectors {h;;} are
i.i.d, then the entries of D,,, are i.i.d complex random variables.
Therefore, the receiver can retrieve the data matrix © by
performing M independent MIMO-like detections, using for
example ZF or MMSE linear detectors, each requiring the
inversion of a matrix with a dimension much smaller than
that of H in (4).

B. Precoded SU-MIMO-OFDM

The main advantage of pre-coding in single-user scenario
is to simplify the detection process. The model in this case, is
similar to the one proposed in (5). In this case, x},, = P, X,
where P, is the precoding matrix, and the received vector is
given by

r, =D,,P,.x, + 0, ; m=12,... M. (7)

Here, the Np transmitted OFDM blocks are the columns of
the matrix 7p = WH,DF where

;DP = [P]wX]u PQXQ Plxl] . (8)

Zero-Forcing is a widely used precoding technique, that
offers the simplicity of the linear precoders and completely
removes the inter-antenna interference. Due to these charac-
teristics, this precoder was considered in this work

III. ANTENNA SELECTION

Suppose that the transmitter is equipped with a reduced
number, Nrr, of RF chains, and the number of available
transmitting antennas is higher than Ngrp, i.e. Ny > Ngp.
The objective here is to select the best subset of Ngp
transmit antennas, according to the current characteristics of
the transmission channels.

Asin [5], [6], letp € {1, O}N T denote a vector that indicates
the subset of antennas that are activated, from the total set
of Np antennas. For instance, let N7 = 7 and Ngrp = 4,
pattern p = [1 01 01 0 1] indicates that antennas with odd
indexes are selected and the remaining are deactivated. The
corresponding effective channel matrix, D, (p) € CVr*Nrr
is obtained by selecting the columns indexed by p. Thus,

Dm(p) = DmU(p) 9)

where U(p) is the matrix obtained from Iy, eliminating its
i-th column if the i-th component of vector p is zero. It then
results that U(p) U (p) = diag(p) = B(p).

Let C be the set of possible p patterns indicating Ngrp-
selected out of N antennas, then the total number of possible
combinations is given by |C| = ( ]\1,\; r).

The main task now is how to select the best transmit
antennas subset. Here, we propose two methods: Mutual
Information Method (MIM) and ~y-Parameter Method (GPM).
The former is used in non-precoded MIMO-OFDM systems,
while the latter is specific for ZF-precoded MIMO-OFDM
systems [5], [6].

A. SU-MIMO-OFDM: Mutual Information Method

This method is based on the maximization of the mutual
information between the transmitted and received signals.
Since in the model related to (5), all M detections are
independent, the total mutual information I, is the sum of the
individual mutual informations. That is, for a given p vector,
the transmitter computes the mutual information, as

WBP)DE + 1y, (10)

Z log,, det [

The antenna selection is indicated by the pattern p, given by

p, = argmax I(p) . an

peC

B. ZF-precoded SU-MIMO-OFDM: ~y-Parameter Method

With antenna selection, expression (7) is modified. For a
given p vector, the received vector can be expressed as

rm = Dm(p)Pm, (P)Xm + ﬁ77L ym = 17 27 ooy M (12)

where P,,(p)x,, € CNrF*1 For a ZF-precoded system the
precoding matrix P,,(p) is given by the right pseudo-inverse
of D,,(p) in (12), which using (9) yields

1

P, (p) = [Dn(p)]" = UT (p)Dy; [D,B(@)Dy:] ,  (13)
resulting in the received vector r,, given by
ry =Xy, +0, ;m=12.M (14)

The optimal maximum likelihood (ML) detection of the data
vector is then simplified to element-wise minimum distance
detection:

Xm = Q(rm)

where Q(x) = [Q(1) Q(xm)]T and Q(z) returns the
point of the adopted signal constellation closest to z.

The GPM method is based on the relationship between
the energy spent by transmitter at each transmission and the
transmitted data symbol energy FE;. The mean energy, Er,
spent by the transmitter per channel use is given by (see
Appendix)

15)

1 < )
ZE [P, (B)%n | ] (16)
1M
Es Z Tr {P,(p)P/1 (D)} (17)

=1
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which, for the precoding matrix given in (13) yields

Br= 2B, 3 T {[D,Be)pf] "} = Bae)

(18)
m=1
with y(p) given by
1 U -1
o) =57 2 {[D.BEDE] . 19

From (18), the equivalence between the maximization of the
detection signal-to-noise ratio and the minimization of y(p) is
evident, given that the energy available at the transmitter, Er,
is fixed. Rewriting the signal-to-noise ratio as:

Es; 1 Er
7(p) o7
Moreover, the minimization of (p) also corresponds to the

minimization of the detection error probability. Finally, the
antenna selection is indicated by the pattern p, given by

(20)

— =
On

p. = argmin ~(p) . @1

peC

IV. RESULTS

In this section, the performance of MIMO-OFDM systems
using antenna selection is illustrated.

The selection techniques assume a perfect channel state
information (CSI) at the transmitter and exhaustive search was
used to solve (11) and (21).

A. Data Detection

1) SU-MIMO-OFDM: Both ZF and MMSE equalizers have
been considered for data detection in this work. The informa-
tion symbols have energy F; and the noise vector n,, in (5)
has a covariance matrix Kg, = 02Iy,. The ZF and MMSE
equalizers are

GZF = Dy (p,)]' = DX (p,)Du(p,)] DE(p,) (22)
with D,,,(p) given by (9), and
2 —1
G =D (p.) (D (PPN () + T lve| . (23)

with p, obtained from (11). In both cases, the detected
information symbols after equalization are generated through
sub-optimum element-wise detection

&m = Q(Gmrm) .

Performance results are in terms of bit error ratio (BER)
versus SNR, defined as Et/Ny. In the non-precoded case, the
relation between F, and Ep can be obtained by replacing
P,.(p) for Iy, in (17) yielding

(24)

Er

Fy=——.
Nrr

(25)

2) Precoded SU-MIMO-OFDM: For the ZF-precoded case,
performance results are obtained from (15) and (14), with the
signal-to-noise ratio in the the components of r,, given by
(20), (19) and (21).

B. Simulation Results

The coefficients of the adopted discrete impulse response
of the channels have the form h(l);; = p(l)a;;(l) , i =
1,2,..,Ng, j=1,2,...Np, Il =1,2..., L where the Np X
Np x L random variables «;;(1) are statistically independent,
complex Gaussian with zero-mean and variance 1. The weights
have an exponential decay p(l) = 10exp{! /(L—1)} and are
further normalized such that Zlel p?(1) = 1. Thus, resulting
that E [ "h””2] =1.

Results are expressed in terms of SNR = Et/Nj and QPSK
modulation is assumed. The length of the OFDM blocks is
M = 64.

BER values are estimated via Monte-Carlo method after
the transmission of 6 x 107 information symbols, with a new
independent realization of the Nz Np random channel vectors
{h;;} generated after the transmission of 40 data-matrix ©.

Figures 3 and 4 exhibit the detection performance for a
range of SNR, considering ZF and MMSE equalizations,
respectively, varying the number of available transmit anten-
nas, while the number of RF chains and receive antennas is
kept fixed. In both cases, detection performance is improved
when antenna selection strategy is employed. Moreover, the
improvement is greater as the number of antennas available at
the transmitter increases. For instance a system with Np = 10
requires approximately 3 dB less energy compared to the case
where N7 = 4, when antenna selection is not employed.

Figure 5 shows the detection performance of ZF-precoded
system, varying the number of available transmit antennas and
number of RF chains. This result evidences that adding the
possibility of antenna selection by reducing the number of RF
chains, while keeping the number of transmit antennas fixed,
results in appealing tradeoff between detection performance
and circuitry complexity.

10°

BER

10°

—O—7F NT=4, NRF=4, NR=8
—HE—7F NT=6, NRF=4, NR=8
—¥—7F NT=10, NRF=4, NR=8

107° ' -
o 1 2 3 4 5 6 71 8 9 10 11 12 13

SNR [dB]

Fig. 3. BER vs. SNR [dB] for transmit antenna selection using ZF equalizer
and considering different number of available antennas at the transmitter.
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Fig. 4. BER vs. SNR [dB] for transmit antenna selection using MMSE

equalizer and considering different number of available antennas at the
transmitter.
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Fig. 5. BER vs. SNR [dB] for transmit antenna selection using ZF pre-
coding and considering different number of antennas and RF chains available
at the transmitter.

V. CONCLUSIONS

In this paper, a detailed signal modelling of MIMO-OFDM
system is presented. In the model herein, a clear approach
that converts the detection of parallel OFDM blocks emitted
by the transmit antennas into independent flat-fading MIMO
detections decoupled per OFDM subsymbol is developed.
In the following, a scenario where the number of antennas
at the transmitter is greater than the number of RF chains
is considered, enabling the development of transmit antenna
selection strategies. Two methods, namely Mutual Information
Method and y-Parameter Method, applicable to non-precoded
systems and ZF-precoded systems, respectively, have been
proposed. Numerical results evidenced that the availability of
extra antenna elements at the transmitter results in significant
system performance improvement and that the proposed strate-
gies are effective.
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APPENDIX

The average total energy spent by the transmitter to transmit
N1 OFDM blocks (see section III. B.) is given by

Etotal =E [TI' {TPT;—I}] =E [TI‘ {WAH/IC‘D;@};WA{}]
=E[Tr {9505 Wy Wii}] (A1)

Since W MWf\{/f = Is and with ©® p given in (8), we arrive
at

M M
Brotar = Y E[[Pmxm[® ] = Y E [Tr{Px,nx/ P }]
m=1 m=1

M
= E, Z Tr {P,, P2} (A.2)
m=1
The average energy spent per use of the channel is then given
by

1
ET = MEtotal (A3)



