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ABSTRACT

A pre-coder is designed for orthogonal space-time block
codes (OSTBCs) in multiple-input multiple-output (MIMO)
channels. Unlike previous works, our pre-coder is the first to
be designed to minimize the exact symbol error rate. In this
paper, we show that OSTBCs can achieve full diversity and
nearly strict orthogonality with a small amount of feedback
bits returned from the receiver back to the transmitter. Along
with pre-coding of the OSTBC, also the proper utilization of
partial CSI is done at the transmitter side to improve overall
characteristics of the system. Simulation results of the pre-
coding OSTBC is discussed along with its antenna design
technique.
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1. INTRODUCTION

In typical digital communication system, MIMO stands for
multiple-input multiple-output means multiple antennas at
both link ends of a communication system, i.e., at the
transmit and at the receive side. The multiple-antennas at the
transmitter and/or at the receiver in a wireless communication
link open a new dimension in reliable communication, which
can improve the system performance substantially. The idea
behind MIMO is that the transmit antennas at one end and the
receiver antennas at the other end are “connected and
combined” in such a way that the quality (the bit error rate
(BER), or the data rate) for each user is improved. The core
idea in MIMO transmission is space-time signal processing in
which signal processing in time is complemented by signal
processing in the spatial dimension by using multiple,
spatially distributed antennas at both link ends.

The OSTBC Encoder block encodes an input symbol
sequence using orthogonal space-time block code (OSTBC).
The block maps the input symbols block-wise and
concatenates the output codeword matrices in the time
domain. [2]

Narinder Sharma
HOD, Deptt.of EEE
Amritsar College of Engg & Technology
Amritsar-143001, Punjab, India

O5TBC Encoder

Fig. 1.OSTBC Encoder [2]

It is the block type representation of OSTBC and it supports
time and spatial domains for OSTBC transmission. It also
supports an optional dimension, over which the encoding
calculation is independent. This dimension can be thought of
as the frequency domain. The following illustration indicates
the supported dimensions for the inputs and output of the
OSTBC Encoder block [2].

2. USING PRE-CODED OSTBC IN
SYSTEMS

Let us have a MISO system with Ny antennas, that is,

heR"M . Let C e R™T denote a space time codeword
with a length of M, and is represented as

C:[Clcz"'CT]

;
where G, =[ G ,Gep Com | K =12, T, and

M < N; . In the pre-coded OSTBC systems, the space-
time codeword C is multiplied by a pre-coding matrix
W EiRNTXM,Where W is chosen from the code book
F :{Wl,WZ,W3,---,WL}. W is chosen such that the

codeword improves channel capacity or error performance.
Assuming that Nt channels remain static over T, the received

. IxT
signal Y € R™ can be expressed as

E
y= N—XhWC+z

T
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In above Equation, the length of each vector is M < NT

while the space time codeword is composed of T column
vectors. For a given channel h and pre-coding matrix W, we
consider the pair wise codeword error probability

Pr(Ci —)Cj|H)[3].This is the probability that the

space-time codeword C; is transmitted whereas C; with | # I

is decoded. After few mathematical manipulations, the upper
bound of the pair wise error probability can be derived as

)
2N,

ol |
AN

Pr(C,>C;H)=Q <exp| -

Where p is the signal-to-noise ratio (SNR) and is given as

p=E, /N, and Ei.j =C, —Cj is the error matrix

between the codewords C; and C;. From above Equation, we
can interpret that in order to minimize the pair wise error

2
probability [9, 10] HHWE”HF needs to be maximized,

which leads us to the following codeword selection criterion

W, =argmax H HWE; ; HZF

WeF,i#]

=argmaxTr (HWE, ;E W"H")

WeF,i#]j

=argmaxTr (HWE"H" )

WeF
=arg max | HW ||i
WeF

The optimum solution of can be given by

Wopt = [V1V2 -V ]A\7

Since V' is unitary, /4, (Wopt ) =1i=12,---,M,
where ﬂ,l (A) denotes the i largest eigen value of the matrix

ujh AA. For not deterministic channel codebook can be
designed as

E {min (I HWou 7~ HW 2 )}

WeF
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The above expected value in Equation is upper-bounded as

- ) < e v

Ince IS glven,t e codebook must be esignea so as
Si 2 I'H Y s given, the codebook must be designed

E{min(”Hw

WeF opt

to minimize E min W,,.The corresponding minimization
problem can be formulated into the Grassmannian subspace
packing problem [5]. The in Grassmannian subspace packing
is the chordal distance is used as performance measure and is
defined as

d (Wk W ) = %”\NkaH _W|VV|H HF
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Fig 2. BER performance of OSTBC with and without pre-
coding in Rayleigh fading channel

For random channels, the optimum codebook is designed so
as to maximize the minimum chordal distance
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Figure 3. Precoding matrix and chordal distance
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For Ny, codeword length M, and codebook size L
Grassmannian packing problem can be solved as

F= {WDFT s MWper oo, QH\NDFT }

Where u is the diagonal matrix and is given as
6= d|ag ([ejZ”ul/NTejZﬂ'uleT . .ejZIrUNT/NT :|)

IEEE 802.16e specification for the Mobile WiMAX system
uses this r design method. When N; =4,M =3,, and

L =64,W, isgivenas

1 1 1
111 pi2rt2ia  qj2r13/4

1 j2r-2:214 j2m-2-314
«/4 1 el” gler

1 eizw324  gj2x33/4

The remaining precoding matrices W; are obtained as
- 1 i 1 i |71 .
W, = diag (|:e]27zv1/4eJ277-8/461277-61/4ej271~45/4:|) W,i=23,64

3. ANTENNA SELECTION TECHNIQUE
FOR OSTBC

Gain is the major parameter that is considered to calculate
overall system performance. The simulation is explained in
this section.The antenna selection technique is one of the
major issues 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. But during simulation it is seen that
diversity gain has been achieved without using additional RF
modules on the transmitter side.To simulate the antenna
selection method for the Alamouti STBC scheme has been
used to yield its BER performance with Q = 2 and Ny = 4.
Note that the further diversity gain has been achieved without
using additional RF modules on the transmitter side. After
comparing the results,it is demonstrated that the antenna
selection method provides more gain over the pre-coding
method.

BER
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Fig.4. BER performance of Alamouti STBC scheme with
antenna selection: Q =2 and Nt =4
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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 5 illustrates the end-to-end configuration of the
antenna selection in which only Q RF modules are used to

support Ny transmit antennas (Q < NT )and Q RF modules

are selectively mapped to Q of Nt transmits antennas.
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Figure 5: Antenna selections with Q RF modules and Nt
transmit antennas (Q <N; ) [8]

4. CONCLUSION

In this paper, The Orthogonal Space-Time Block Codes are
discussed over MIMO and MISO channels. It is seen that the
OSTBC pre-coder is when used the overall parameters of the
system gets improved. Besides the other two techniques of
antenna selection that are optimal antenna technique and
complexity reduced antenna selection technique, the OSTBC
antenna selection technique is discussed, 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. Simulation results show that the channel
capacity increases in proportion to the number of the selected
antennas. It is concluded that the use of Pre-coder OSTBC
and the encoding of an input symbol sequence using
orthogonal space-time block code increases system
performance and at receiver the results achieved are much
better.
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