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Abstract: In this paper channel state information is exploited for improving system performance. The performance parameters of

the Multiple Input Multiple Output system is better and are even achieved using additional RF modules that are required as multiple

antennas are employed. To reduce the cost associated with the multiple RF modules, antenna selection techniques can be used to

employ a smaller number of RF modules than the number of transmit antennas. The exploiting of information for complexity reduced
antenna selection is performed for achieving high channel capacity. Simulation results show that the channel capacity increases in

proportion to the number of the selected antennas.
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1. INTRODUCTION

In typical digital communication system, Signal parameters on
which multipath channel have effect that are independent path
gain, independent path frequency offset, independent path
phase shift, independent path time delay etc. To remove ISI
from the signal, many kinds of equalizers can be used.
Different techniques are used to handle the changes made by
the channel,receiver requires knowledge over CIR to combat
with the received signal for recovering the transmitted signal.
CIR is provided by the separate channel estimator. Usually
channel estimation is based on the known sequence of bits,
which is unique for a certain transmitter and is repeated in
every transmission burst. Which enables the channel estimator
to estimate CIR for each burst separately by using the known
transmitted signal and the corresponding received signal.
Multiple Input Multiple Output (MIMO) systems takes
advantage of multipath propagation signals by sending and
receiving more than one data signal in the same frequency
band at the same time by using multiple transmit and receive
antennas. Orthogonal frequency division multiplexing
(OFDM) is also has capability to handle the effect of ISI and
Inter carrier interference (ICI). OFDM converts the frequency
selective wide band signal into frequency flat multiple
orthogonally spaced narrow band signals also resulting in high
bandwidth efficiency [1].

2. ANTENNA SELECTION TECHNIQUE
The antenna selection technique is one of the major issue that
is to be taken care in the communication system. MIMO
systems have better performance which can be achieved
without using additional transmit power or bandwidth
extension.[2] However, it requires additional high-cost RF
modules are required as multiple antennas are employed. In
general, a transmitter does not have direct access to its own
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channel state information. Therefore, some indirect means are
required for the transmitter. In time division duplexing
system, we can exploit the channel reciprocity between
opposite links (downlink and uplink). Based on the signal
received from the opposite direction, it allows for indirect
channel estimation. In frequency division duplexing (FDD)
system, which usually does not have reciprocity between
opposite directions, the transmitter relies on the channel
feedback information from the receiver. In other words, CSI
must be estimated at the receiver side and then, fed back to
the transmitter side. To reduce the cost associated with the
multiple RF modules, antenna selection techniques can be
used to employ a smaller number of RF modules than the
number of transmit antennas. Figure 1 illustrates the end-to-
end configuration of the antenna selection in which only Q RF
modules are used to support Nt transmit antennas since Q RF
modules are selectively mapped to Q of Ny transmit
antennas.[2]
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Figure 1: Antenna selections with Q RF modules and Ny
transmit antennas (Q <N T) [10]

Since Q antennas are used among Ny transmit antennas, the
effective channel can now be represented by Q columns of
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H e RN Let p. denote the index of the i selected
column, i =1,2,---, Q . Then, the corresponding effective

channel will be modeled by N R XQ matrix, which is

denoted by H{ e RV 93] Let X € RO

Py spzs“‘PQ}
denote the space-time-coded or spatially-multiplexed stream
that is mapped into Q selected antennas. Then, the received
signal y is represented as

E

X

V= EH{PUP%“'PQ}X—’_Z

o

where z € ERNRXI is the additive noise vector. The channel
capacity of the system in Equation (1) will depend on the
number of transmit antennas that are chosen.

3. COMPLEXITY-REDUCED ANTENNA
SELECTION TECHNIQUE

The Complexity-Reduced Antenna Selection Technique is one
of the type of antenna selection technique. As compared to the
optimal antenna technique ,complexity reduced antenna
selection technique is better. Optimal antenna selection
requires too much complexity depending on the total number
of available transmit antennas. In order to reduce its
complexity, we proposed a sub-optimal method. We adopted
an approach in which additional antenna is selected in
ascending order of increasing the channel capacity i.e., one
antenna with the highest capacity is first selected as

subopt

)2 =arg max C, ()

P (2)

H

E
:argrri)z}xlogz det INR +_Q1\); H{pl} {m}

0

Given the first selected antenna, the second antenna is

selected such that the channel capacity is maximized i.e.

subopt

py" " =argmax C

subpot
subopt {Pl P2 }
P2#p)
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After the nth iteration which
. subopt subopt subopt . .
provides p; Ny 2 Dy, , the capacity with

an additional antenna, say antenna 1, can be updated as

EX
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It can be derived using the following identities:

det(A+uv™ )= (1+V" 4"u)det(4)

log, det( A+ ) =log,(1+7" 4 u)det( 4) +log, (1+ V" 4 u)

Where
E
— X H
A = I Ng + QNO H {pimbopr! p;ubopr - p;ubopr}H {pimm,;f’pgubo,»’m p:uba,»}
E
— ) — X
u=v= n
ON,

The additional (n+1) th antenna is the one that maximizes the
channel capacity , that is,

Psubopt _
n+1 -

arg max G

subopt _subopt subopt
/é{pl RN

This process continues until all Q antennas are selected.

Also the same process can be implemented by
deleting the antenna in descending order of decreasing
channel capacity. Let S, denote a set of antenna indices in the
nth iteration. In the initial step, we consider all
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antennas, S/ = {1, 2,'-',NT}, and select the antenna that

contributes least to the capacity, that is,

elel E
pldlted = argmax log, det INR +Q_&)Hs,—{p,}H£1—{p1}

A good literature on exploitation of CSI for channel
estimation and the types of antenna selection techniques can
be found in [4-15].The antenna selected from above Equation
will be deleted from the antenna index set, and there

ini i deleted
remaining antenna set is updated to S , = Sl _ { P elete }

If |S2| = NT -1> Q we choose another antenna to delete.

This will be the one that contributes least to the capacity now
for the current antenna index set S2, that is,

elei £
fzﬁ leted = aIgmaXlng det INR +Q_])\([0HS2—{P2}HS_{1)2}

Again, the remaining antenna index set is updated to

S,=5,—- { pjezemd} . This process will continue until all

Q antennas are selected, that is, |Sn| = Q .The complexity of

selection method in descending order is higher than that in
ascending order.

From the performance perspective, however, the selection
method in descending order outperforms that in ascending
order when 1 < Q <Nr. This is due to the fact that the
selection method in descending order considers all
correlations between the column vectors of the original
channel gain before choosing the first antenna to delete.

When Q = 1, the selection method in descending order
produces the same antenna index set as the optimal antenna
selection method produces Equation (2). When Q = 1,
however, the selection method in ascending order produces
the same antenna index as the optimal antenna selection
method in Equation (2) and achieves better performance than
any other selection methods. In general, however, all these
methods are just suboptimal, except for the above two special
cases. Figure above shows the channel capacity with the
selection method in descending order for various numbers of
selected antennas with Ny =4 and Ny =4. [6]
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Figure 2: Channel capacities for antenna selection method

in descending order.

4. CONCLUSION

In this paper, The Complexity-Reduced Antenna Selection
Technique is discussed. As compared to the optimal antenna
technique, complexity reduced antenna selection technique is
better. Optimal antenna selection  requires too much
complexity depending on the total number of available
transmit antennas. In order to reduce its complexity, a
proposed a sub-optimal method is used. We adopted an
approach in which additional antenna is selected in ascending
order of increasing the channel capacity i.e., one antenna with
the highest capacity is first selected we have used
transmission techniques that can be used to exploit the CSI on
the transmitter side. The CSI can be known completely or
partially. Sometimes, only statistical information of the
channel state is available. We have exploited such information
for optimum antenna selection and hence for achieving the
high channel capacity. Simulation results show that the
channel capacity increases in proportion to the number of the
selected antennas.
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