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Abstract

In recent years, multiple transmitter and receiver antennas are
employed in the wireless communications systems to adapt
various demands of high speed wireless links. In order to take
full advantage of the Multi Input Multi Output (MIMO)
systems, precoding technique is needed at the transmitter
side. Generally, the precoding algorithm may be classified as
either diagonal or nondiagonal type. Many precoding
techniques exist in literature. This literature survey deals with
different types of precoders for MIMO systems in the
existing methods.
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1. Introduction

The Multi Input Multi Output (MIMO) systems used in a
rich scattering environment for wireless communications
improve the reliability or the data rate of transmissions
significantly in comparison with Single Input Single Output
(SISO) systems. These systems achieve large capacity and
diversity gains in comparison with single transmitter and
single receiver systems [1]. Through a feedback link, the
channel knowledge can be made available at the transmitter
and precoding techniques can be used to adapt the
information signal to the channel and significantly improve
the performance of MIMO communication. If full channel
state information is considered at the transmitters, linear
precoder can be designed according to various criteria, such
as ergodic capacity, received signal to noise ratio (SNR) or
error probability [2]. To integrate the quality of service
criterion in the design, a weighted minimum mean squared
error criterion subject to a transmit power constraint is
proposed in [3]. A variety of criteria can be used for channel
characteristics optimization such as, for example, minimizing
the mean-square error (MSE) [3], maximizing the received
signal to noise ratio (SNR) [4], or maximizing the minimum
singular value [5]. Using singular values decomposition
(SVD), a MIMO channel can be decomposed into several
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independent subchannels for data transmission for each
subcarrier [6]. Another efficient nondiagonal precoder
minimizes the upper bound of pairwise error probability
(PEP) when using arbitrary STBC over correlated Ricean
fading channels [7]. A nondiagonal structure is given in [8]
by maximizing the minimum distance of the symbols at the
receiver side. An extension to 16-QAM modulation is found
in [9] that confirm the optimality of the max-dy;, criterion. A
design of a max-d, precoder allows transmitting more than
two independent data streams, and increases the 4-QAM
alphabet to 16-QAM or 64-QAM modulations. But, this
precoding techniques is only suitable to quasi-stationary
MIMO channels [11]. An optimal precoder was derived for
two virtual subchannels and a cross-form matrix [12] to get
the max-d, precoder for any even number of data streams.
The focus of this paper is to analyze various precoding
techniques for MIMO systems.

2. Literature review

2.1. Weighted MMSE criterion

H. Sampath, P. Stoica, and A. Paulraj [3] proposed
designing jointly optimum linear precoder and decoder for a
MIMO channel with and without delay-spread, using the
weighted minimum mean-squared error (MMSE) criterion
subject to a transmit power constraint. The optimum linear
precoder and decoder maximizes information rate or
minimizes the sum of the output symbol estimation errors.
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Figure. 1. MIMO communication system.
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A generic MIMO communication system model is shown in
Figure. 1. The input bit streams are first coded and
modulated. The latter are than passed through the linear
precoder which is optimized for a fixed and known channel.
The precoder is a matrix with complex elements and adds
redundancy to the input symbol streams to improve system
performance. The precoder output is launched into the
MIMO channels through Mt transmit antennas. The signals
are received by Mg receive antennas and processed by linear
decoder, which is optimized for the fixed and known channel.
The linear decoder also operates in the complex field and
removes any redundancy that has been introduced by the
precoder.

This design method does not consider the coding and
modulation, but instead focuses only on the design of the
linear precoder and decoder. The generalized jointly
optimum linear precoder and decoder minimizes any
weighted sum of symbol estimation errors assuming total
transmit power constraint across all transmit antennas.

The main goal of this method involves the design of
precoder (F) and decoder (G) matrices. The weighted
combination of symbol estimation errors is given by,
E[e*W* /2w /2] where e=s-(GHFs+Gn) is the bit error
vector. In this paper, the design of equal-error and MMSE
systems are also compared. These two designs have similar
total average BERs. The main drawback of this system is that
it is suitable for limited range of the bit streams only.

2.2. Space-Time Linear Precoder

A. Scaglione, P. Stoica, S. Barbarossa, G. Giannakis, and
H. Sampath [5] introduced a new model for the design of
transmitter space-time coding that is referred to as linear
precoding. The design model is based on an optimal pair of
linear transformations precoder (F) and decoder of blocks of
the transmit symbols and receive samples, respectively. This
operates jointly and linearly on the time and space
dimensions. The design targets different criteria of optimality
and constraints, assuming that the channel is known both at
the transmitter and receiver ends. Channel State Information
(CSI) can be acquired at the transmitter either if a feedback
channel is present or when the transmitter and receiver
operate in time division duplex (TDD) so that the time-
invariant MIMO channel transfer functions is the same in
both ways.

The specific design targets minimization of the symbol
mean square error and the approximate maximization of the
minimum distance between symbol hypotheses under
average and peak power constraints. The first design
corresponds to the MMSE criterion, whereas the second one
is proved to be equivalent to the maximization of the mutual
information between transmitter and receiver. The optimal

design allow us to define space-time modulation design that
takes advantage of the channel state information and offers
simple closed-form solutions, scalable with respect to the
number of antennas, size of the coding block, and transmit
average/peak power.

2.3. Zero Padding-MBER Precoder

Y.Ding, T. Davidson, Z. Luo, and K. Wong [19] proposed
the linear precoder that minimizes the bit error rate (BER) at
moderate to high signal to noise ratios for block transmission
systems with zero-forcing (ZF) equalization and threshold
detection. This scheme attempts to eliminate the inter-block
interference (IBI) for two standard schemes that include
cyclic prefix and zero padding. These two standard schemes
minimum BER precoder provide substantially lower error
rates than standard block transmission schemes such as
orthogonal frequency division multiplexing (OFDM). For
finite impulse response (FIR) channels, the equalized
symbols can be simplified by appropriate choice of the block
size and redundancy. During symbol transmission, IBI is
eliminated by adopting either zero padded or cyclic-prefix-
based transmission.

The channel is completely known and ZF equalization is
employed at the receiver. The transmitted symbols are
equiprobable antipodal symbols uncorrelated with each other.
The noise vector is zero-mean, white and Gaussian, with
covariance matrix. The advantage of this scheme is that this
design scheme is flexible because it applies directly to both
the zero-padding and cyclic-prefix schemes for avoiding
inter-block interference and allows the block sizes to be
chosen liberally. The designs improve the BER performance
and also the minimum BER precoder has a simple logical
form whereas the water-filling-based designs require the
solution of a nonlinear optimization problem using an
iterative algorithm. The optimal design obtained in this paper
is for a single-user system, with ZF equalization and
threshold detection, white uncoded data, white noise, uniform
bit loading, and a known channel. This method does not deal
with MIMO system and deals only single-input single-output
systems.

2.4. Decision Feedback Equalization /
Tomlinson- Harashima Precoding

M. Shenouda, and T. Davidson [16] introduced joint
transmitter and receiver design for MIMO systems with
Decision Feedback Equalization (DFE) or Tomlinson-
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Harashima (TH) precoding. In this paper, a broad range of
design criteria is considered that can either be expressed as
Schur-convex or Schur-concave functions of the logarithm of
the MSE of each data stream. Optimal design for Schur-
convex objectives is that it simultaneously minimizes the
total MSE, the average bit error rate and maximizes the
Gaussian mutual information. These objectives are not valid
for a linear transceiver. For Schur-concave objectives, the
optimal DFE design results in linear equalization and the
optimal TH precoding design results in linear precoding.

The design of the precoding matrix optimizes the design
criteria that are expressed as a function of the individual
MSE of each stream. In order to characterize the optimal
precoder, two inequalities are derived in this paper. These
inequalities depend on multiplicative and additive
majorization. The slight advantages of the TH transceiver
over the DFH transceiver can be attributed to the fact that
interference subtraction at the transmitter is inherently free
from error propagation.

2.5. Three dimensional max-d,j, Precoder

Q.-T. Ngo, O. Berder, and P. Scalart [10] proposed the new
parameterized form of the precoder for three virtual
subchannels. A new precoder for MIMO transmission, which
is based on the maximization of the minimum Euclidean
distance between received symbols, has been introduced for
BPSK and QPSK modulation following the max-SNR
approach, which consists in pouring power only on the most
special virtual sub-channel.
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Figure. 2. MIMO block diagram with nondiagonal precoder
in case of CSI

For a MIMO system with ngreceive, nytransmit antennas
and b independent data stream, the basic system model can
be expressed as

y = GHFx + Gv ()

where H is the ngz X npchannel matrix, F is the ny X b
precoder matrix, G is the b X ngdecoder matrix, x is the
b x 1 transmitted symbol vector, and v is the nz x 1
additive noise vector, og; stands for every subchannel gain,
v,isthe b x 1 trasformed additive noise vector.

The MIMO system of a nondiagonal precoder is shown in
Figure. 2. At the receiver side, an ML detection is considered
so the decoder matrix G4 has no impact on the performance
and is consequently assumed to be Gy = I, with I, is the
identity matrix of size bxb. By using singular value

decomposition, the precoding matrix in 1'?0[‘1min can be
performed as

Fq = AYB’ @

where A and B” are 3x3 unitary matrices, and Y is a 3x3
diagonal matrix with real positive values in decreasing order.

This precoder is suited for BER minimization in MIMO
systems when maximum-likelihood detection is used at the
receiver side. The performance improvement of SNR-like
max-dnin precoder depends on the channel characteristics and
is less significant if the virtual sub-channels are small
dispersive.

2.6. New max-dmin Precoder

Q.-T. Ngo, O. Berde, and P. Scalart [20] introduced a new

general expression of the minimum Euclidean distance based
precoder for MIMO systems using rectangular QAM
modulations. For two independent data streams transmission,
the MIMO channel is diagonalized by using a virtual
transmission and the precoding matrix is obtained by
optimizing the minimum distance on both virtual
subchannels. Then the optimized expression is reduced to
two simple form precoders F; and F, These precoding
matrices provide optimized minimum distance for any
dispersive channels.

The precoder F; pours power only on the strongest virtual
subchannel and the precoder F, uses both virtual subchannels
to transmit data symbols. The precoding matrix F4 can be
represented as
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where E; is the average transmit power, 1 controls the power
allocation, 6 & ¢ correspond to scaling and rotation of the
received constellation. Since the precoder F, pours power
only on the strongest virtual subchannel, then the precoding
matrix F; becomes

_ cosf sinf e’
Fi= ‘/E( 0 0 ) @
It is found that the precoder F, provides a slight
improvement in term of d., in comparison with the
beamforming design. The precoder F,uses both virtual
subchannels. The precoding matrix F, becomes

(COSllJ 0)(\/7 1+i) 5)

g 4B
2T 0 siny/\_y2 1+4i

2

The precoder F, optimizes the distance d;, when there is no
dispersion between both virtual subchannels. The precoder
F,provides the optimized d.;, for small channel angley,
while precoder F, is valid for high values of the channel
angle y. This precoder can also be extended for large MIMO
channels.

3. Conclusion

Thus a detailed survey of various precoding schemes
present in the literature for various modulation schemes is
discussed elaborately for multiple input- multiple output
(MIMO) systems.

Acknowledgment

Apart from my efforts, the success of my work depends
largely on the encouragement and guidelines of many others.
| take this opportunity to express my gratitude to the people
who has been instrumental in the successful completion of
this work. I would like to extend my sincere thanks to all of
them. | owe a sincere prayer to the LORD ALMIGHTY for
his kind blessing and giving me full support to do this work,
without which this would have not been possible. | wish to
take this opportunity to express my gratitude to all, who
helped me directly or indirectly to complete this work.

References

[1] A. Paulraj, D. Gore, R. Nabar, and H. Bolcskei, “An
overview of MIMO communications-a key to

(2]

(3]

(4]

[5]

(6]

[7]

(8]

[9]

[10]

[11]

www.ijert.org

International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181
Vol. 2 Issue 1, January- 2013

gigabit wireless,” Proc. IEEE, vol. 92, no. 2, pp.
198-218, 2004.

M. Vu and A. Paulraj, “MIMO wireless linear
precoding,” IEEE Signal Process. Mag., vol. 24, no.
5, pp.86-105, 2007.

H. Sampath, P. Stoica, and A. Paulraj, “Generalized
linear precoder and decoder design for MIMO
channels using the weighted MMSE criterion,”
IEEE Trans. Commun., vol. 49, no. 12,pp. 2198-
2206,2001.

P. Stoica and G. Ganesan, “Maximum-SNR spatial-
temporal formatting designs for MIMO channels .”
IEEE Trans. Signal Process., vol. 50, no. 12, pp.
3036-3042, 2002.

A. Scaglione, P. Stoica, S. Barbarossa, G.
Giannakis, and H. Sampath, “Optimal design for
space-time linear precoders and decoders,” IEEE
Trans. Signal Process., vol. 50, no. 5, pp. 1051-
1064,2002.

D. Palomor, J. Cioffi, and M. Lagunas, “Joint TX-
RX beamforming design for multicarrier MIMO
channels: A unified framework for convex
optimization,” IEEE Trans. Signal Process., vol.51,
no.9, pp. 2381-2401, Sep. 2003.

M. Bhatnagar and A. Hjorungnes, “Linear precoding
of STBC over correlated Ricean MIMO channels,”
IEEETrans. Wireless Commun., vol. 9, no. 6, pp.
1832-1836, Jun. 2010.

L. Collin, O. Berder, P. Rostaing, and G. Burel,
“Optimum minimum distance-based precoder for
MIMO spatial multiplexing systems,” IEEE Trans.
Signal Process., vol. 52, no. 3, pp. 617-627, 2004.
Q.-T. Ngo, O. Berder, B. Vrigneau, and O. Sentieys,
“Minimum distance based precoder for MIMO-
OFDM systems using 16-QAM modulation,” in
IEEE Int. Conf. Commun. (ICC), Dresden,
Germany, Jun. 2009.

Q.-T. Ngo, O. Berder, and P. Scalart, “3-D
minimum Euclidean distance based sub-optimal
precoder for MIMO spatial multiplexing systems,”
in IEEE Int. Conf. Commun. (ICC), Cape Town,
South Africa, May. 2010, pp. 1-5.

D. Kapetanovic and F.Rusek, “On precoder design
under maximum-likelihood detection for quasi
stationary MIMO channels,” in IEEE Int. Conf.
Commun. (ICC), Cape Town, South Africa, May
2010.



[12]

[13]

[14]

[15]

[16]

B. Vrigneau, J. Letessier, P. Rostaing, L. Collin, and
G. Burel, “Extension of the MIMO precoder based
on the minimum Euclidean distance: A cross-from
matrix,” IEEE J. Sel. Topics Signal Process., vol. 2,
no.2, pp. 135-146, 2008.

A. Goldsmith, Wireless Communication,
Cambridge, U.K.: Cambridge Univ. Press, 2005.

A. Paulraj, R. Nabar, and D. Gore, Introduction to
Space-Time Wireless Communications. Cambridge,
U.K.: Cambridge Univ. Press, 2003.

E. Telatar, “Capacity of multi-antenna Gaussian
channels,” Eur. Trans. Telecommun., vol. 10, no.
6,pp. 585-595, 1990.

M. Shenouda and T. Davidson, “A framework for
designing MIMO systems with decision feedback
equalization or Tomlinson-Harashima precoding,”
IEEE J. Sel. Areas Commun., vol. 26, no. 2, pp.
401-411, Feb. 2008.

[17]

[18]

[19]

[20]

www.ijert.org

International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181
Vol. 2 Issue 1, January- 2013

C-C. Li, Y.-P. Lin, S.-H. Tsai, and P.
Vaidyanathan, “Optimization of transceivers with
bit allocation to maximize bit rate for MIMO
transmission,” IEEE Trans. Commun., vol. 57, no.
12, pp. 3556-3560, Dec. 20009.

C. Peel, B. Hochwald, and A. Swindlehurst, “A
vector-perturbation technique for near-capacity
multiantenna  multiuser communication-Part |:
Channel inversion and regularization,” IEEE Trans.
Commun., vol. 53, no. 1, pp. 195-202, Jan. 2005.

Y. Ding, T. Davidson, Z. Luo, and K. Wong,
“Minimum BER block precoders for zero-forcing
equalization,” IEEE Trans. Signal Process., vol. 51,
no. 9, pp 2410-2423, Sep. 2003.

Q.-T. Ngo, O. Berder, and P. Scalart, “Minimum
Euclidean distance based precoder for MIMO
systems using rectangular QAM modulations,”
IEEE Trans. Signal Process., vol. 60, no. 3, pp 1527-
1533, March 2012.



