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Abstract—In this work, we provide a new throughput-based
antenna selection criterion that considers the entire system design
rather than only the channel state information. The performance
evaluation was carried out in a measurement campaign in a
common outdoor urban scenario. We present our results in terms
of physical layer throughput over transmit power. In addition to
diversity gains, we also see gains due to the selection of differently
polarized antennas. In terms of SNR, the results show a gain of
several decibels depending on the number of antennas selected.

I. INTRODUCTION

The utilization of Multiple-Input Multiple-Output (MIMO)
technologies is continuously growing due to the drastic in-
crease in the channel capacity and the enormous improvement
in the communication link reliability. Despite these advan-
tages, MIMO has been slow in getting adopted in practical
wireless systems. Currently, MIMO can be found as an option
in High Speed Downlink Packet Access (HSDPA), IEEE
802.16 (WiMAX), future modes of IEEE 802.11 (WiFi), and
will be mandatory in next generation cellular systems.

One of the main reasons for the slow introduction of MIMO
technologies in commercial wireless systems is the required
increment in complexity and hardware costs. While antenna
elements are cheap and usually small, each one requires a
complete radio frequency (RF) chain (low-noise amplifier,
frequency down-converter, analog to digital converter, filters,
and so on). Unfortunately, RF hardware is expensive compared
to the cost of the digital hardware and does not follow
Moore's law [1]. Also, introducing new hardware consumes
more energy which is very inconvenient for today's hand-held
mobile devices.

Antenna subset selection (AS) is a promising technique
that reduces the MIMO hardware complexity problem. AS
adaptively chooses a specific subset of all available antennas,
i.e., an Nt×Nr system can be constructed while only Lt×Lr

complete RF chains are used at the same time (Lt < Nt

and Lr < Nr). The antenna subset selection is based on a
“selection criterion” depending on the application. It has been
shown that under most circumstances, AS systems can achieve
the same diversity gains as full-complexity systems. On the
downside, AS suffers from a loss in array gain (mean SNR
gain) but this loss can be avoided by preprocessing in the RF
chain [2–6].

A. State of the art

AS has been intensively studied during the last years
(see [7–14] and references therein). Most published work

usually assumes perfect knowledge of the channel at both the
transmitter and the receiver sides under the assumption of a
�at fading channel model with independent and identically
distributed fading at each antenna. In [9], the problem of the
channel frequency selectivity is jointly addressed with some
practical issues such as channel estimation errors and hardware
non-idealities. The receive AS is extensively studied in [15–
19]. Besides the general AS overview, [20, 21] deal with the
AS problem both at the transmitter and the receiver sides. As
mentioned before, most of the available literature addresses the
problem from a theoretical point of view and rarely focuses
on common practical issues such as antenna coupling effects,
noisy estimate of the channel and hardware non idealities.
However, some studies focus on more realistic channel models
and consider the AS problem for frequency-selective channels
when frequency-domain equalizers are used (see [20], and
references therein), or when only noisy channel estimates are
available [22, 23]. Another interesting and new advantage of
AS is the possibility of reducing the complexity of MIMO-
OFDM precoded systems [24].

In order to take advantage of the diversity available in
MIMO system, there also exists previous work on AS based
on the maximization of channel capacity [25, 26]. During the
last years, MIMO-OFDM systems have become very popular
due to their ability to exploit the benefits from both MIMO and
OFDM systems. For this reason AS has also been studied in
such systems, specifically in indoor environments and existing
wireless communication standards [27–30].

Despite of all previous work, however, very little attention
has been paid to real scenario measurements and/or selec-
tion criteria that take into account the effects of practical
implementations. In [31], an AS implementation applied to
IEEE 802.11a is presented, where indoor measurements and
polarization antenna experiments were carried out. In [29], the
performance of transmit and receive AS for MIMO-OFDM
based on measured indoor correlated and frequency selective
channels is studied in detail. The obtained results are compared
with those computed using the TGn channel model. The
comparison reports that the capacity gain predicted from the
simulated channels is significantly lower than that achievable
over real channels. The study also provides useful information
about the antenna effects. AS has also been applied to the
proposed IEEE 802.11n standard [32]. Finally, [2] emphasizes
a complete list of practical issues related to AS , e.g. RF
preprocessing, AS training, RF mismatch, non idealities in
selection or the AS in OFDM systems. Also, measurement-
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based capacity analysis for indoor environments is provided.

B. Our contribution

We propose a new AS criterion specifically suited for, but
not limited to, HSDPA [33]. The criterion considers the system
design rather than only using the channel state information.
The AS criterion utilizes the post-equalization SINR for every
receive antenna subset and the one leading to the highest
SINR is chosen. As the SINR is mapped to the physical layer
throughput by means of a look-up table [34], maximizing the
SINR also leads to throughput maximization.

We furthermore carried out measurements in a realistic
urban scenario. The results are presented in terms of physical
layer throughput instead of plain bit error ratio or capacity-
based comparisons. The main difference between the measure-
ments and typical simulations is that not all individual SISO
links of the full MIMO system offer the same average gain.
This is mainly due to antenna polarization effects and makes
the scenario especially suitable for AS.

The rest of the paper is structured as follows. First, in
Section II, a receive antenna selection overview is provided
and our throughput-based antenna selection criterion is in-
troduced. Next, important and frequently ignored hardware
implementation aspects are treated in Section III. Also, we
explain how the considered criterion overcomes the limitations
imposed by AS. After that, in Section IV the measurements
results are presented and discussed. Finally, Section V is
devoted to our conclusions.

II. RECEIVE ANTENNA SELECTION

Diversity via multiple receive antennas is a direct extension
of traditional diversity ideas. The receiver sees several versions
of the transmit signal, each one experiencing a different fade
and noise. The classic extension of selection combining to
receive AS is to select the Lr receive antennas with the largest
SNR among the Nr available. For that we need to know all
individual branch SNRs that can be determined by sounding
the full MIMO channel in a time-multiplexed manner. When
more than one antenna is selected, maximum ratio combining
(MRC) can be performed among Lr out of Nr antennas. Using
this approach, AS can extract most of the diversity of the full
system without requiring all Nr RF chains.

When the wireless channel has sufficient degrees of free-
dom, the data streams transmitted from multiple antennas can
be separated, thus leading to parallel data paths. The capa-
city of the radio channel under these conditions grows with
min(Nt; Nr), that is, linearly with the number of antennas. In
a multiple antenna system with Nt transmit and Nr receive
antennas, the complex valued channel matrix H is of dimen-
sion Nr ×Nt. When AS at the receiver side is used, a subset
of Lr out of Nr antennas is selected. It is straightforward to
see that the equivalent problem consists in building a matrix
H̃ with dimensions Lr × Nt from the full matrix H. The
selection usually requires sounding all possible paths using the
available RF chains at the receiver. This can be done in dNr

Lr
e

sounding operations. After that, the selection criterion has to

be applied in an exhaustive search among all
(
Nr

Lr

)
different

receive antenna combinations. For example, selecting one out
of four receive antennas requires four sounding operations and
four times evaluating the selection criterion, whereas selecting
two out of four receive antennas consumes only two sounding
operations but six selection criterion evaluations.

A. Antenna selection based on the system throughput

In the literature, different selection criteria have been pro-
posed based on specific properties of the channel such as
channel capacity, eigenvalue spread, and so on. However, most
of these AS methods do not take the transmission system
into account. For example, eigenvalue-based or capacity-based
selection methods only look at the coefficients of the wireless
channel. However, an optimum selection criterion for a specific
transmission system like HSDPA has to consider—besides of
the channel coefficients—also the properties of the transmit
signal and the receiver. We therefore propose the utilization
of analytic expressions of the post-equalization SINR as the
criterion to select the subset of receive antennas. The SINR
is directly obtained from the estimated wireless channel and
can be mapped to the physical layer throughput using a look-
up table [34]. It is shown in [34] that maximizing the SINR
also maximizes the throughput. It is important to note that this
antenna selection criterion is not only limited to HSDPA. It can
always be used if it is possible to describe the physical layer
throughput by means of analytic expressions depending on the
channel coefficients and the implemented type of receiver.

III. HARDWARE ASPECTS OF ANTENNA SELECTION

Ideal hardware is widely considered in the literature of
antenna selection. Nevertheless, taking into account the actual
features of the additional hardware required, the promised
gains of AS will be reduced a priori. Special attention should
be paid to the RF switch. Ideal switches do not deteriorate
the noise figure of the receiver and work instantaneously,
without any delay. However, these features cannot be com-
pletely fulfilled in practice. The attenuation of typical switches
varies between a few tenths of a decibel and several decibels,
depending on the switch size and the required switching
speed. Typical settling times of RF switches are on the order
of microseconds which correspond to a duration of several
symbols in current wireless communication systems.

The losses caused by the RF switches at the receiver side
are difficult to compensate. One possible approach consists
in installing the switch after the low-noise amplifier, but this
requires as many low-noise amplifiers as receive antennas, thus
reducing the benefits provided by antenna selection. However,
the HSDPA system under consideration is an interference
limited system and not a noise limited one. This means
that although the receiver noise figure is increased by the
switch insertion loss, the final system throughput will not be
significantly degraded.

From the hardware point of view, sequentially sounding the
full MIMO channel is a challenging task. Especially in systems
in which the base stations do not continuously transmit pilot
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Fig. 1. Picture of the scenario showing the transmitter and the receiver locations (use zoom in PDF to see the scenario in detail).

symbols, it can take a long time till the full MIMO channel
is acquired. While the full MIMO channel state information
is not available, antenna selection cannot be applied. Typi-
cally, this leads to a loss in spectral efficiency. Fortunately,
in HSDPA the base stations are always transmitting pilot
channels. Therefore, the user equipment is able to continuously
perform channel sounding over the Nr antennas when it is not
receiving data. As soon as the user equipment is notified by the
base station about a new incoming data block, it can use the
previously obtained channel information to select the optimum
subset of antennas. This “instantaneous best selection” of
course requires the channel not to change significantly over
several subframes (a few milliseconds). If the channel changes
faster, the antennas can be selected according to the average
throughput of the last (in the order of hundreds) subframes. In
the results we will refer to this selection as the “average best
throughput selection”. As a consequence of the previous, the
proposed throughput-based AS technique is especially suitable
for HSDPA because the required training stage can be easily
implemented.

Last, but not least, another frequently ignored problem is the
noisy estimation of the channel that can lead to a suboptimal
subset selection and, consequently, degrade the performance.
Fortunately, antenna selection is quite robust to imperfect
channel estimates [5].

IV. MEASUREMENTS

The measurements we present in this work were carried
out making use of the “Vienna MIMO Testbed” [35], in a
realistic urban outdoor scenario. The details about the steps
followed to carry out the measurements as well as the details
about the testbed setup can be found in [36]. An example of
this communication system is a laptop with four antennas and
two RF chains located in an office and connected to the base
station unit.

A. The testbed and the scenario

In order to measure the HSDPA throughput with AS, a
non line of sight urban scenario featuring rich scattering
was selected. At the basestation, we employ a Kathrein
800 10543 [37] 2X-pol basestation pannel antenna (2 × ± 45◦

polarization, half-power beam width 58◦ /6.2◦ , down tilt 6◦ ).
We place it on the roof of a big building in the center of
Vienna (see Fig. 1). The receive antennas are located at an
approximate distance of 460 m. inside an office room. These
antennas are moved by using a fully automated XY positioning
table (in an area of 3λ × 3λ) to automatically generate many
small scale fading channel realizations (see Fig. 1). The receive
antennas are printed monopole elements [38, 39] that were
designed according to the generalized Koch pre-fractal curve
with a resonation frequency equal to 2.7 GHz and bandwith
greater than 400 MHz.

B. Measurement results and discussion

At first, we transmit from a single transmit antenna element
to 1, 2 or all four receive antennas employed. Three sets of
curves are plotted in Fig. 2:

1) The black leftmost curve shows the average throughput
achieved when all four receive antennas are used (no
selection).

2) The set of red curves was measured with two out of four
receive antennas selected (labeled 1 × 2 (out of 4))

3) The set of blue curves was measured selecting only one
out of four posible antennas at the receiver (labeled 1 × 1
(out of 4)).

The following three different curves are plotted for each
measured set:

1) “Instantaneous best selection”. For each channel re-
alization (created by moving the receive antennas),
the receive antenna combination offering the highest
throughput is chosen in accordance with the SINR
expressions calculated in [34]. When throughput-based
AS is employed, this is an upper bound for the achiev-
able performance that can be reached if the channel is
exactly known for every realization. Since in HSDPA
the channel can be sounded continously, a performance
close to this upper bound can be easily realized in reality.

2) “Best average selection”. The receive antenna com-
bination offering the best average throughput for all
measured channel realizations is selected. This means
that for a chosen transmit signal power, the average
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Fig. 2. AS throughput of the measurement (ID “2009-01-16”) for the 1 × 4,
1 × 2 (out of 4), and 1 × 1 (out of 4) systems.

throughput for each antenna combination is evaluated
and then the best of them is selected. This approach is
especially suitable when the channel coherence time is
short. Note that in a real HSDPA system, the throughput
can be calculated permanently by sounding the channel.

3) “Worst average selection”. The same as in the previous
case, but the antenna combination that produces the
worst performance is selected. This selection method
represents the worst case scenario that could occur if
no AS is performed at all (lower bound).

Note that the 15 to 30 dBm transmit power region is
the most adequate for comparing the different throughput
curves. For higher transmit powers, no higher modulation and
coding schemes are available to exploit the channel capacity,
therefore, saturation occurs.

Also, we estimate the precision of the measurement by
means of bootstrapping methods [40]. In both throughput
graphs (Fig. 2 and 3), the dots represent the inferred mean
throughput of the scenario, the gray vertical lines the 95%
confidence intervals for the mean, and the corresponding
horizontal lines the 2.5% and 97.5% percentiles. Note that the
receive antenna position remains unchanged while measuring
different schemes at different transmit power levels. This leads
to smooth curves and relative positions of the curves that are
more accurate than the confidence intervals for the absolute
positions might suggest.

From the results presented in Fig. 2 we can get the following
conclusions:

1) The difference in throughput between the 1 × 4 full
system and the 1 × 2 (out of 4) instantaneous best
selection is in the order of 3 dB. This can be explained
by the additional array gain of the four receive antenna
system.

2) The 1 × 2 (out of 4) scheme presents a gain up to 8 dB
respect to the 1 × 1 (out of 4) system. This is due to
the array gain offered by the 1 × 2 (out of 4) system

MIMO 2 x 2 (out of 4) 
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Fig. 3. AS throughput of the measurement (ID ”2009-01-16“) for the 2 × 4,
2 × 1 (out of 4), and 2 × 2 (out of 4) systems.

and, additionally, to the ability to exploit all available
diversity.

3) The maximum observed gain offered by AS (between
3 to 6 dB), both for one or two selected antennas, is
the difference between the “instantaneous best selection”
and the “worst average selection” curves.

In Fig. 3, the average throughput is plotted for the case
where two transmit antennas elements transmit in single
stream mode. Again, the red curve shows the cases when two,
and the blue curve when one receive antenna are selected.
Similar to the single transmit antenna system, large gains
in throughput or in SNR are observed when antenna subset
selection is employed.

V. CONCLUSION

In this paper, a new antenna selection criterion applica-
ble to HSDPA and other mobile communication systems is
presented. The criterion takes into account the entire system
design and it is based on the SINR expressions describing
the behavior of the whole link including the receiver, instead
of using only channel state information. We emphasized the
suitability of AS to HSDPA because most of the implemen-
tation issues present in AS can be overcome. We also carried
out measurements in an outdoor urban scenario, with non line
of sight between the transmitter and the receiver. The results
were presented in terms of the system throughput and show
huge throughput increases when using AS. In terms of SNR,
the observed gains are between 3 and 6 dB depending on the
HSDPA scheme and the number of selected antennas.
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