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Abstract-- In this paper, a semi-blind beamforming algorithm is
proposed for Orthogonal Frequency Division Multiplexing
(OFDM) signals to combat multipath fading which is based on
semi-blind beamforming of each sub-band in a OFDM system
using Decision Directed Algorithm (DDA). The proposed
algorithm is simulated for time varying channel with Clark
model for block to block variation of the channel coefficients it is
shown that without semi-blind operation error floor occurs in the
performance of the sub-band beamformer but in the blind mode
of the operation, by exploiting the information contents in the
decisions the sub-band beamformer provides efficient bit error

E,/Nyeven in different block length and
modulation schemes.

Index Terms- OFDM, Sub-band beamforming,
frequency, semi-blind beamforming.
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I. Introduction

Recently demand for high speed data rate services necessitates
the use of wideband channels. But in this case, frequency
selective fading is appeared, i.e. a large number of resolvable
multi-paths components affect the performance of the system
by introducing Inter-Symbol-Interference (ISI). OFDM is
well-known to be effective against multipath distortion. With
OFDM signaling a wideband channel converts to many
narrowband flat sub-channels [1]. Deployment of the antenna
arrays, not only provide SNR gain and improves spectral
efficiency but also offers diversity gain. Although there are
many research activities in OFDM, only a few numbers of
them involve in adaptive beamforming of OFDM signals.
When OFDM signaling is used, each sub-channel tolerates
different fading factor and therefore for each sub-channel a
separate beamformer is required [2], [3]. In this paper, semi-
blind decision directed algorithm is proposed to beamforming
of OFDM signals where first part of each stream is devoted to
training symbols and other part is data signals. In the blind
mode of the operation the estimated data symbols is used as
virtual training symbols.

The rest of this paper is organized as follows. In Section II, the
system model for OFDM signals and time variation of the

channel is presented. In Section III, Simulation results of the
proposed sub-band beam-former is presented and is compared
to the conventional training based sub-band beamformer.
Paper is concluded is Section IV.

I1. System Model

Consider d,,d,,d,,...,dy_, as a stream of data, where d; s are

complex symbols which his produced by a digital modulator
such as PSK or QAM. After applying IFFT transform on this
stream OFDM symbols are generated as follows.
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Where t, =kT,, f, =——,n=0,,.,N—1 and T, is the
NT

period of signal. This stream is transmitted through a time

varying multi-path fading channel and is received by M

elements of the receiver array, as follows.
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where s, is the transmitted symbol in time index, k-m, w,i{
is the additive white Gaussian noise in the ith received
element, and h,in’k is the mth tap of the impulse response of

order P between transmitter and the ith receiver. Therefore, in
each time instance N (P+ 1) channel parameters must be

estimated. Each of these channel parameters is a combination
of a constant part and a time varying part as

:;l,k = h;,o + }Nlrizk 3)

where hfnyo is the nearly constant part which can be due to
line of sight (LoS) components that are fairly constant in a
long block of data, and h,f,’k is the time varying part which is

due to non-LoS (NLoS) components that is severely variable



in the duration of data block transmission  with the
autocorrelation that follows the following equation [4]
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where, J, () is the zero-order Bessel function of the first kind,

superscript * denotes the complex conjugate, 15" is Doppler

frequency shift for mth path between transmitter and ith
receiver, and T is the duration of each symbol. According to
the wide sense stationary uncorrelated scattering (WSSUS)
model of Bello [5], all the channel taps are independent,

namely, all hfn’ks vary independently, according to the
autocorrelation model of (4). The normalized spectrum for
each tap h,fhk is
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, |f|< 5T

0, otherwise

The exact modeling of the vector process }Nl,;k with a finite

length auto-regressive (AR) model is impossible. For
implementation of a channel estimator, MIMO channel

variations h,ﬁl,k can be approximated by the following AR
process of order L

L ~
1
mk = z ai,m,lhm,k—l + vi,m,k (6)
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where «; ,,; is lth coefficient of mth path from transmitter to

ith receiver and v, , , s are zero-mean i.i.d. complex Gaussian

processes with variances given by

E(Vi,m,k [Vi,m,k ]* ): O-‘%i,m,k ! (7)

For optimum selection of channel AR model parameters from
correlation functions, Wiener equations can be used as solving
the L following equations
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The length of the channel model must be chosen to a
minimum of 90% of the energy spectrum of each channel
coefficients which is contained in the frequency range of

|f|<f3mT.

II1. Simulation Results

The block diagram of this system is shown in Fig. 1. This
system is simulated for 4 and 8PSK signaling and 32 and 64
sub-carrier OFDM systems. Three Rayleigh paths propagation
is assumed and the variances of these three paths are assumed
to be 1, 0.8, and 0.6 respectively. The carrier frequency and
symbol rate are assumed to be 1.8GHz and 2Mbps
respectively. Also the speed of mobile users is assumed to be
200 Mph which is a relatively high speed for vehicles. In all
simulation first 5 blocks are considered as training data and 45
next blocks are assigned to data symbols. The performance of
semi-blind algorithm is compared to conventional sub-band
beamformer and its results is shown in Figs. 2-4. Figs. 2 and 3
present the simulation results for 4PSK and 8PSK signaling
respectively while number of sub-carriers is 32, and Figs. 4
and 5 present the same simulations for 64 sub-carrier case. As
it can be seen form these Figures, in all cases, conventional
sub-band beamformer encounters to error floor and therefore
by increasing the £, /N bit error rate is remained unchanged.

This phenomenon is due to failing the conventional training
based sub-band beamformer. But by exploiting information
contents in detected signals in the blind mode of the operation
the level of error floor is much decreased and for 8PSK
signaling error floor is disappeared.

IV. Concluding Remarks

In this paper semi-blind sub-band beamformer is proposed for
OFDM signals. Decision directed algorithm is used to operate
in the blind mode when the transmitted data is unknown. The
proposed algorithm is simulated for 4PSK and 8PSK
signaling, and 32 and 64 sub-carrier cases. The speed of user
is assumed to be 200Mph and the first 5 blocks in each 50
transmitted blocks are assigned to training. System is
simulated by Monte Carlo simulation technique and it is
shown that the performance of the conventional sub-band
beamformer encounters to error floor in this channel variation
speed. But the proposed semi-blind beamformer provides error
floor in much lower levels especially for 8PSK signaling.
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Fig. 1. Block diagram of the semi-blind sub-band beamformer
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Fig. 2. Performance comparison of semi-blind sub-band
beamformer for 32 symbols blocks and 4PSK signaling
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Fig. 3. Performance comparison of semi-blind sub-band
beamformer for 32 symbols blocks and 8PSK signaling
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Fig. 4. Performance comparison of semi-blind sub-band
beamformer for 64 symbols blocks and 4PSK signaling
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Fig. 5. Performance comparison of semi-blind sub-band
beamformer for 64 symbols blocks and 8PSK signaling



