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Abstract :MIMO-OFDM technologies are widely used in mobile multimedia communication systems. The
low peak to average power requirement in number of application has led to the use of insufficient cyclic prefix
in OFDM. This will reduce the data rate of the system. To attain high data rate which is one of the major
advantage of OFDM system, precoders are used. Precoding is a generalized beamforming multistream
transmission method that helps to bit error rate performance of MIMO-OFDM system. The objective of this
paper is to study various precoding methods in MIMO-OFDM systems. Here we have studied unoptimal
precoding methos such as precoding using modulo operation, precoding using interference alignment method
and optimal precoding method using channel information. The study shows that all the precoding methods
reduces the ISI but the precoding using channel information helps in reducing receiver complexity and helps in
increasing BER.
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l. INTRODUCTION
MIIMO-OFDM is one of the effective method used widely in wireless communication system. The high data
rate and bandwidth efficiency of OFDM along with diversity technique has led to the use of this technology in
many advanced wireless communication systems. The MIMO-OFDM technique is used as the air interface in
4G/LTE and 5G technology.
The high data rate is attained by the use of cyclic prefix in OFDM system. If the cyclic prefix is greater than the
channel length then the effect of inter symbol interference can be reduced. But in most case in-order to reduce
the peak to average power ratio (PAPR) of MMO-OFDM system, insufficient cyclic prefix is used [1] which in
turn will result in Inter Symbol Interference (I1S1) and thus reduces the data rate.In order to increase the data rate
one of the system precoders are used. Therefore this paper deals with different precoding techniques used in
MIMO-OFDM system.
The remaining part of the paper is divided as follows, section 1: Basic Concept of Precoding. Section 2: BER
Comparision. Section 3: Conclusion

1. BAsIC CONCEPT OF PRECODING
Precoding is a conventional beamforming method used to support multi-stream data transmission in multi
antenna communication. In single stream beam forming using multiple antenna the same input signal emitted
from all the antennas are multipled by certain weighing factor (phase and gain) and is transmitted such that the
signal power is transmitted at the receiver side. But when multiple antennas are used at the receiver side this
method cannot maximize the signal strength at all antennas. Thus to maximize the signal strength at the receiver
side we are using multistream transmission.
In point to point communication the concept of precoding is in such a way that multiple data stream is emitted
from multiple antennas after multiplying by specific weighing factor ie: phase and gain. In multi-user
communication system, each data stream is intended for each user and each user signal is precoded to maximize
the signal strength at the receiver side. Precoding can be done in two ways 1) unoptimal precoding 2) optimal
precoding.

2.1 Un-optimal precoding
In unoptimal precoding method the channel state information is not required at the transmitter side for
transmission. The weights are assigned to the transmitted signal with out using any channel side information.

The common unoptimal precoding method used is based on interference alignment.
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Interference Alignment method: Here the input information is multiplied by the precoding matrix before the
OFDM  modulation [7]. The rank of the precoder matrix is increased by zero padding. So that the input
information when multiplied by the precoding matrix aligns the signal and the interference to disjoint sets. In

MIMO-OFDM system with precoder, the input information §[m] is multiplied by precoder matrix P and then
is OFDM modulated. The out from the precoder matrix for the m-th OFDM block is given as
f[m] = Ff[m] . The design of precoder matrix is given as @ £ W P.The precoding matrix is obtained by
multiplying @ withi#~* = W\Til@{-\.}, where W, 1 is the discrete Fourier transform matrix. At the receiver
side the interference can be removed by zero forcing operation.

Such a precoder matrix is not an optimal precoder matrix ie: no channel side information is used here.

2.2 Optimal precoder design

Optimal precoding method uses the complete channel side information at the transmitter in order to do the
precoding. The precoding weights applied to the transmitted signal contains all channel information .This
precoding methods helps in avoiding the effect of inter symbol interference (I1SI).

The information bits are first transmitted through a precoding matrix [8]. The precoding matrix is designed in
such a way that it maximizes the cost function. The cost function considered is

’“5’:32([ 1+ @fﬂcou]_l)

i,

s.t. tr{Q,Q4} < P,

Here the cost function is the lower bound of the minimum mean square equalizer at the receiver side. Thus the
precoder is designed using the channel information which is given as feedback to the receiver side.

@)

I11.  Ber Comparision
The unoptimal and optimal precoding methods discussed above helps in increasing the data rate of the system
but since unoptimal precoder is designed without the channel side information the chance of increasing the data
rate in the case of using insufficient cyclic prefix is less. In this case the complete channel side information is
needed at the receiver to overcome the effect of 1SI caused due to in-sufficient cyclic prefix. This effect can be
achieved by using the optimal precoder design. The BER obtained for both the precoder is shown below.

Methods SNR BER
MIMO-OFDM 25 dB 0.0000001
Interference alignment method. 25dB 0.000008
Precoder with channel information 25dB 0.00005

Table 3.1 : BER comparison of precoder

V. CONCLUSION
MIMO-OFDM is a widely used technology in wireless communication. In order to increase the data rate of the
system precoding methods are used the generally used precoding methods are unoptimal precoding and optimal
precoding. Even though both the precoding methods are effective in increasing the data rate, optimal precoder
design is more effective in increasing the data rate as well as mitigate the effect of I1SI. Thus we conclude that
the precoder design with channel information is more effect method among all precoding methoods.
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