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ABSTRACT

In practical wireless communication systems, the transmitter
send the information out through a multipath fading channel.
At the receiver side, the received information distorted by the
channel characteristic (due to multipath fading). So, in order
to recover the transmitted information accurately, the channel
effect must be known at the receiver. In this paper channel
estimation for STBC-MIMO-OFDM system has been
investigated by implementing the most popular channel
estimators least Square (LS) and Minimum Mean Error
Square (MMSE) both based on comb type pilot arrangement
to estimate the channel effect at pilot locations, and channel
interpolation between pilot locations was done using linear
interpolation. The performance of LS and MMSE estimators
can be improved by using DFT-based estimation technique.
LS and MMSE estimator have been implemented with and
without DFT-based estimation technique to estimate the
channel effect for STBC-MIMO-OFDM system and compare
their performance by measuring the bit error rate BER with
QAM as modulation scheme and for different MIMO antenna
configurations, also the channel between each antenna pair is
assumed to be multipath Rayleigh Slow fading channel based
on Clark's model.

General Terms
Channel estimation, communication, DFT algorithms.

Keywords
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1. INTRODUCTION

In our present day, wireless communication applications such
as internet browsing, video calling, and high definition video
broadcast require high transmission rate, reliable
communication system, and efficient transmission technique.
High data rate transmission over wireless channel (frequency
selective fading) is subject to Inter Symbol Interference (ISI)
which increase the error rate that leads to low Quality of
Service (QoS). Orthogonal Frequency Division Multiplexing
(OFDM), is one of the most popular transmission technique
that’s known for its ability to reduce the effect of (ISI) by
transforming the frequency selective fading channel into a set
of parallel flat fading channel [1]. OFDM can be combined
with Multiple Input Multiple Output (MIMO) antenna
configuration based on the idea that the probability of
multiple independent wireless fading channels that are in deep
fading at the same time is very low [2]. Multiple antenna
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techniques can be divided into two types: diversity techniques
and spatial-multiplexing techniques. The diversity techniques
intend to transmit\receive the same data signals over multiple
antennas, and apply various transmission, detection, and
combining techniques to improve the transmission reliability
[3]. On the other hand, spatial-multiplexing techniques intend
to transmit\receive, independent data signals over multiple
transmit antennas, to achieve high transmission speed [4]. So
MIMO-OFDM combination is one of the most promising
candidate for the 4G communications systems, but one of the
most critical issues that significantly affect in the performance
of the MIMO-OFDM and any other wireless communication
system is the wireless fading channel especially in deep
fading case [5]. So the scope of this paper is to implement the
LS and MMSE channel estimators and enhance their
performance by using DFT estimation technique.

The reminder of this paper is organized as follows. After
describing the system model in details in Section 2, LS and
MMSE channel estimation using comb-type pilot is described
in Section 3 and the estimation enhancement based on DFT
interpolation presented in Section 4. The simulation results
are given in Section 5.

2. SYSTEM MODEL

Figure 1, is a detailed block diagram for the 2x2 MIMO-
OFDM transceiver with improved DFT channel estimation. At
the transmitter side, first the input binary data mapped
according to the type and the order (M-PSK/M-QAM) of the
signal mapper.

After that, a pilot data inserted along with the mapped data.
Pilot insertion can be performed in two approaches, either by
inserting pilot tones into all subcarriers of the OFDM symbols
with a specific period or inserting pilot tones into each OFDM
symbol at periodically-located subcarriers.

The first one, called block type pilot insertion, has been
developed under the assumption of fast varying channel
within one OFDM symbol. The second one, the comb-type
pilot insertion, has been introduced to satisfy the need for
equalizing when the channel response changes slowly within
the OFDM symbol and it is required less pilot tones than the
block type [6]. Then, the resultant data processed by a 2 by 2
Space Time Block Coder (STBC) developed by Alamouti [7],
which is simply redistribute the data over time and space with
the following codeword matrix.

S = [51 —si‘] 1)

Sz Si
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Fig 1: 2x2 MIMO-OFDM transceiver block diagram

Note that the Alamouti codeword S in Equation (1) is an
orthogonal matrix, i.e.

5112 + s, ]? 0

SsH =[
0 Is1]? + |s2[?

|=tsir+1528 @
Where |, is 2 x 2 identity matrix. From equation (1) the STBC
process the same data over two time slot, then the
transmission rate of Alamouti code is shown to be unity. And
from equation (2), the key feature of STBC is that the
interference between s; and s, is zero.

After the STBC, two data stream X; and X, processed by two
individual OFDM modulators. Consider the first branch
where:

3

First, X, is converted to parallel form then N-point IFFT N-
point IFFT block used to transform the X(k) into time
domain signal x;(n) as follows.

x1(n) = IDFT{X,(k)}

N-1
= X, (k) eJ 2mkn /N)
k=0

Xl = Sl!_si

n=12,..,N-1

(4
Guard interval is inserted into the OFDM symbol. The idea
behind guard interval is to make the total symbol (OFDM+
guard interval) greater than or equal the maximum channel
delay spread to ensure the channel effect is flat during the
transmission of one OFDM symbol i.e. free ISI. Generally
there are two types of guard interval, the first one is zero
padding (ZP) that pads the guard interval with zeroes. The
other way is cyclic extension of the OFDM symbol (for some
continuity) to extend the OFDM symbol by copying the last
samples of the OFDM symbol into its front. Let Ng; is the
length of the guard interval, and X;¢,(n) is the resultant OFDM
symbol after cyclic addition.

(n) = {xl(N +n), n=—-Ng,—Ng +1,..,-1
Miep () = x1(n), n=012..,,N—1
5

Then the resultant signal converted to a serial form.

Note that same process line that applied to X; in the first
branch is applied to X, in the second branch to get X,¢,(n).

for simplicity let Xx;p(n) and Xpep(n) equal to x, and x,
respectively. Then x, and x, transmitted over 2 by 2 MIMO
channel H.

hiq h21]
H = [ 6
hiy ho ©)

Where, hq1 , hqz, hy1 , hy, are the MIMO channel coefficient.

At the receiver, the received signal over the first and second
antenna respectively are:

yl = xahll + xbh21 + W1

Yy = xghip + xphyy + W, )

Where [W;, W,]" are AWGN for the first and second antenna
respectively, hy, , is the channel coefficient between m" and
n™ antenna pair.

Again consider the first branch in the receiver in figure 1, the
same process is applied to the received signal but in reversed
order and also by using the pilot information the channel
estimation and equalization block is applied to estimate and
equalize the channel effect for each branch. At last the
equalized signal is processed by STBC decoder and demapped
to obtain the original data as possible.
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3. LS AND MMSE CHANNEL
ESTIMATION

In figure 1, after inserting pilot signal along with the actual
information, the resultant signal is processed by the STBC
block, i.e.

_[m —pi‘] 8
PsTBC [Pz P (8)
Not that since STBC process data over two time slot, the
receiver has to process the data over two time slot too, then
the received pilot signals over the first antenna in first and
second time slot respectively are [8]:

y1 =pihiy + 2 hiz +wy

Y2 = —p3 h1z + piha +w; )
Represent equation 9 in following matrix form:
Yi] _[P1 P2 hll] wq
YZ] ~l-p3 Pf] [h12 * [WZ] (10)

Then multiplying both sides of Equation (10) by the
Hermitian transpose of the pilot matrix, that is

PP ] = e+ ) [

p3
pi —P2] W1
* [pé‘ p1 “Wz] D
Then,
)71]_ 2 2 [hu] Wl*]
1 = + +|1 12
l= om0+ [ a2

According to [9], after ignoring the noise part in equation
(11), the estimated channel k;; and A, at pilot locations are:

~ YiPi—Y1D2
by = (12)
1 Ip112 + Ip,|?
~ Y12+ Y101
= < 13
12 Ip112 + Ip2|? (13

After that, the same process is applied to the second antenna
to estimate fi,;and h, at pilot locations

Then the estimated MIMO channel matrix H is

w- [
h21 h22

A linear interpolation is applied to estimate the channel
between the pilot frequencies given by [10]

L L

Where, L is the number of data carrier between m™ and
(m+N™ pilot, I=1,2,.... L-1, k is the data carrier, mL < k <
(m+I)L.

AG) = A = (1- 5) a,+ (5) A... (14

The above estimator is the LS estimator, which is subject to
noise enhancement in deep fading channel.

Now, consider the MMSE estimation channel in figure 2.
Using the weight matrix W, define H =WH, which
corresponds to the MMSE estimation. the Mean Square Error
(MSE) of the estimated channel H is given as

MSE = E{le|2} = E{|H - Wﬁ|2}

=E{|ln - A} (15)
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Where,
W = Ryp Ryh (16)

Where Ry g is the cross-correlation between the true channel
vector and LS estimated channel vector, Rpgp is the
autocorrelation matrix of H. Then MMSE channel estimation
defined as

H= (Ryp Ryp)H 17)
Fig 2: MMSE channel estimation

Its obvious that MMSE channel estimation method shows
better estimate in terms of W in such a way that the MSE in
equation (15) is minimized [11].

4. ESTIMATION ENHANCED BASED
ON DFT INTERPOLATION

Figure 3 illiterate the concept of DFT channel estimation
technique that used to improve the performance of LS or
MMSE channel estimators by reducing the noise effect
outside the maximum channel delay. First the frequency
response of the noisy estimated channel is transformed to the
time domain by an IDFT operation, and then transformed
back to the frequency domain by a DFT after appropriately
being processed in order to reduce noise effects [12]. DFT
channel estimation with comb-type pilot proceeds as
following [13]:

v

! 'Y

v

A/ H=WH

Fig 3: DFT-based channel estimation

Stepl: Let H(k) represent the estimated channel gain at the
k™ subcarrier, which obtained by LS and/or MMSE channel
estimator. Taking the IDFT operation to the estimated
channel.

h(n) = IDFT{ A(k)} =2::H(k) JOT) a8

Step2: In time domain the following processing is applied to
reduce the noise effect .The most channel power concentrates
on only small parts of the estimated time-domain samples that
are transformed by IDFT (called the significant taps) .A
straight forward way is to ignore (zero padding) the
coefficients, called as the non-significant taps, in which they
are very noisy compared to the significant taps. Then
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transforming only the remaining coefficients.
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h(n) ,n=01,..,8

h(”)z{o Mm=f+1.,N-1 (19)

Usually the window length B < L can be set as the sampled
maximum excess delay of the channel.

Step3: take N-point DFT of the estimated channel impulse
response after ignoring the non-significant taps to obtain the
estimated channel frequency response of length-N

Hppr ()
1 N-1 _.(ann)
=—Z OPEAS 20)
N L=
Represent Hppr (k) in matrix form i.e.
- H a
Aper = [~11DFT ~12DFT] (21)
HZlDFT HZZDFT

Finally after the channel estimator, the equalized signal after
STBC decoder given as:

% =Hi,,, yi+ Hipp v
%, =Hyy, y1— Hyppo v3 (22)

5. SIMULATION RESULTS
The setting parameter for MIMO-OFDM system used in the
simulation are indicated in table 1.

Table 1. Simulation parameter

Parameter Value

FFT size (total carriers) 64

Guard interval 16 (25% FFT size)

Guard type Cyclic extension
Pilot carriers 16
Signal constellation BPSK
Number of transmit antenna 2
Number of receive antenna 2
Channel estimator (LS &wl\i/tlr':g ﬁF |)D\|,:V'I|'th and

First we run the simulation for the OFDM system only and
applying the LS & MMSE estimators both with and without
DTF estimation. It is obvious in figure 4 that LS (red line)
requires about (5 — 8) dB higher than MMSE (blue line) to
achieve the same BER (107%). This is because the LS estimator
is subject to noise enhancement especially when the channel
in deep fading. The performance of estimation can be
improved by increasing the number of pilots. But on the other
hand, increasing pilot tone reduces data transmission
efficiency. By using DFT estimation on both LS and MMSE
without increasing the number if pilot data, we can see that
there is a noticeable improvement on LS (purple line) and
MMSE (green line) by 5 dB and (1-1.5) dB respectively.
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Fig 4: BER performance of OFDM system witd LS and
MMSE both with and without DFT estimation technique

The second simulation run is combining the MIMO antenna
configuration with the OFDM system, and by taking the
advantage of diversity technique we can see that the system
performance is remarkably improved as shown in figure 5.
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Fig 5: BER performance of MIMO-OFDM system with LS
and MMSE both with DFT estimation technique

6. CONCLUSION

In this paper, a new channel estimation method has been
proposed to enhance the performance of the most popular
channel estimators (LS d MMSE) based on comp type pilot
arrangement in MIMO-OFDM system. MMSE estimator
shows butter performance than LS estimator due to its ability
to minimize the MSE using the weight matrix W, farther
improvement on LS and MMSE estimators using DFT-based
estimation technique due to the ability of this method to
reduce the noise effect outside the maximum channel delay.
Therefore combining DFT channel estimation with LS and
MMSE helps the estimate the channel ac correct as possible to
improve the performance of the MIMO-OFDM system which
became a promising technology for wireless communication
systems such IEEE 802.11a/g/n, WiIMAX and LTE,
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