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ABSTRACT

The aim of this survey is to investigate channel estimation
method with carrier frequency offset in MIMO-OFDM
systems. According to this, using maximum likelihood
estimation algorithm (MLE), the carrier frequency offset
(CFO) can be estimated. Then we estimate channel’s
coefficients for these systems. To accurately estimate the
channel’s coefficients, carrier frequency offset mitigation is
necessary. The algorithm which is used for synchronization
process with high accuracy and speed has the acceptable
computational complexity. The efficiency of suggested method
can be investigated by simulation and the results of estimation
will come to a comparison.
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1. INTRODUCTION

MIMO-OFDM systems are one of the systems which have
become the basis of many communication researches
nowadays. A system with several high speed inputs and outputs
in sending information or suitable diversity between transmitter
and receiver; however the estimation of the channel in this
connection is complex. In order to reveal the coherent of
received signals, digital communication systems must have an
exact estimation of the situation of exchange channel between
transmitter and receiver. Since increasing the number of
transmitter and receiver antennas causes an increase in the
number of unknowns (coefficients of the channel between both
antennas of transmitter and receiver) the estimation of channels
in multi-antenna systems is a lot more challenging than in one-
antenna ones.

A multi carrier orthogonal modulation system , using the
immediate Fourier diversion technique creates interest range
and changes the switch frequency to several flat sub channels;
But lack of source and target and outbreak of delay by the
channel decreases the function of this system. In other words,
this kind of system has a high sensitivity toward time and
frequency delays.

Orthogonal  frequency division multiplexing (OFDM)
techniques has widely been considered to be a very promising
strategy to enhance data rate, capacity, and quality for
broadband wireless systems over frequency-selective fading
channels [1]. Along with this strategy, oscillator jitter and
Doppler shift make carrier frequency offset (CFO) that
degrades the performance of system remarkably [2].

More recently, due to mutually relation of channel impulse
response (CIR) and CFO, joint channel and frequency offset
estimation issue have received a lot of attentions in OFDM
context [3].

MIMO-OFDM systems are one of the systems which have
become the basis of many communication researches nowadays.
A system is with several high speed inputs and outputs in
sending information or suitable diversity between transmitter

and receiver; however the estimation of the channel in this
connection is complex. In order to reveal the coherent of
received signals, digital communication systems must have an
exact estimation of the situation of exchange channel between
transmitter and receiver. Since increasing the number of
transmitter and receiver antennas causes an increase in the
number of unknowns (coefficients of the channel between both
antennas of transmitter and receiver) the estimation of channels
in multi-antenna systems is a lot more challenging than in one-
antenna ones.

The objective of this study is improving channel estimation
accuracy in MIMO-OFDM system because channel state
information is required for signal detection at receiver and its
accuracy affects the overall performance of system and it is
essential to improve the channel estimation for more reliable
communications. MIMO-OFDM system was chosen in this
study because it has been widely used today due to its high data
rate, channel capacity and its adequate performance in
frequency selective fading channels.

Further, in the second chapter the MIMO-OFDM systems are
introduced. In the third chapter, the channel’s coefficients
estimation methods and in the fourth chapter synchronizing
methods are introduced. In the fifth chapter the maximum
likelihood estimation(MLE) algorithm is presented in order to
estimate CFO and in the sixth the suggested method for fading
channel’s coefficients estimation in MIMO-OFDM systems
will be described and finally, the simulation results will
indicate the performance of suggested method.

2. INTRODUCTION OF MIMO OFDM
SYSTEMS

In a traditional wireless communication system, provided that
the bandwidth is constant, there is no possibility of increasing
the sending rate of information. In this kind of situation, only
diversity methods can be used to improve the quality of
revealing. In designing communication systems, bandwidth,
information sending rate and software-hardware complexities
are the important parameters. To expand the new generation of
communication systems, methods such as MIMO, OFDM and
integrating them together as MIMO-OFDM, are suggested.

The high intrinsic resistance of OFDM against the 1SI event and
its suitable function against fading destructive event, besides the
high rate of information sending of MIMO, creates a very
efficient complex in accession toward the fourth generation of
wireless communication’s demands. Like OFDM systems, the
MIMO-OFDM systems have a great deal of sensitivity toward
synchronization errors. Again, according to the increase in
number of unknowns, estimating the channel in these systems
are more complex than estimating channel in one antenna
systems [4]. Diagram block of one kind of MIMO-OFDM
systems, is shown in the figurel.
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Fig 1: MIMO communication system with M Tx antennas
and N Rx antennas.

According to the figure, the information in each antenna is
sent after IDFT actions and addition of (CP) cyclic prefix. Each
receiver antenna receives sum of noises and signals sent by the
transmitter’s antenna. In each receiver antenna the revealing is
done after removing CP and DFT actions.

3. CHANNEL ESTIMATION
METHODS IN MIMO OFDM SYSTEMS

The major considered estimating channel methods are as
follows:

Using educational sequence methods

By putting samples in the sent symbol which are known by the
receiver, we can reach the channel’s domain which is multiplied
by sum symbol and shift results. Now by using the channels
reached coefficients, we can reveal the rest of symbol samples
which are the desired inputs and the receiver is unaware of them

(5]

Blind methods

In this method which has no need of educational samples, using
the covariance matrix, the receiver estimates the coefficients of
channel and reveals the sent inputs by using them [6].

Halfblind methods
In this method the between up between properties of the two
previous methods are used [7].

4. SYNCHRONIZATION METHODS

According to the surveys which have done until now, the first
article with title synchronization in MIMO-OFDM systems has
been published by Mody and Stuber in 2001.[8,9].In those
articles, Mody and Stuber generalized synchronization
algorithm, proposed by Schmidl , Cox[10],for OFDM systems
with one sender antenna and one receiver antenna to MIMO-
OFDM. Zelst and Schenk in source[11] with considering all the
necessary changes in synchronization algorithm, channel
estimation,...,have generalized the OFDM based standard of
IEEE-802.11a to MIMO .

The most important intrinsic restriction of the OFDM technique
is its high sensitivity toward synchronizing errors. The first
creator factor is called the asynchronousity of carrier frequency
offset (CFO). This causes the loss of orthogonality between
subcarriers and outbreak of interference between carriers.
Another factor of asynchronousity is inequality of sending and
receiving rate of samples precisely, which is introduced as
sampling frequency delay. The proposed synchronizing
algorithms for OFDM based systems are categorized to the
following two main groups [12]:

Before FFT algorithms

The above-mentioned algorithms are divided to two groups of
input based algorithms and non input based algorithms as
follows:

Non input based algorithms: this group of algorithms estimates
the synchronization parameters using the special structure of
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OFDM symbols. This group is also called cyclic prefix based
methods [13] and [14].

Input based algorithms: this group of algorithms uses the
educational symbols sent in information frames to estimate
synchronization parameters [15], [16], [17] and [18].

After FFT algorithms

The algorithms of this group are also categorized in two groups
of pilot based algorithms and direct decision algorithms. In
comparing the two algorithms, before FFT algorithms are faster
than after FFT algorithms, but after FFT algorithms has a higher
throughput spectral.

5. MAXIMUM LIKELIHOOD
ESTIMATION (MLE) ALGORITHM

One of the principal disadvantages of OFDM is sensitivity to
frequency offset in the channel. For example, the coded OFDM
system developed by CCETT (Centre Commun. d'Etudes de
Telediffusion et Telecommuications) for digital sound
broadcasting to mobile receivers incorporates an AFC
(automatic frequency control) loop in the receiver to reduce
frequency offset caused by tuning oscillator inaccuracies and
Doppler shift .

There are two deleterious effects caused by frequency offset;
one is the reduction of signal amplitude in the output of the
filters matched to each of the carriers and the second is
introduction of IC1 from the other carriers which are now
no longer orthogonal to the filter. Because, in OFDM, the
carriers are inherently closely spaced in frequency compared
to the channel bandwidth, the tolerable frequency offset
becomes a very small fraction of the channel bandwidth.
Maintaining sufficient open loop frequency accuracy can
become difficult in links, such as satellite links with multiple
frequency translations or, as mentioned previously, in mobile
digital radio links that may also introduce significant Doppler
shift.

The algorithm generates extremely accurate estimates even
when the offset is great to demodulate the data values.The
estimation error is insensitive to channel spreading and
frequency selective fading.

The transmitter sends X(K) data for K=0,...,N-1:

s() = = THAXWS N ; n=0,.,N-1 (1)

Adding the cyclic prefix(cp) and considering carrier frequency

offset estimation, the r(n) vector is formed as following:

rPm) = /M x 5P (n)* h(n) + Z(n); n=0,...,N,—1 (2)
Finally, we remove cp:

r(n) = /25 (n) x h(n) + Z(n) ;n = Ncp, ...

1 (3)

pNs_

To estimate the carrier frequency offset of r(n) vector, rl and r2
vectors are formed as follow:

r(n) = e/ZH8New @i2T0fn (5(n) x h(n)) ;n =0, ,g -

1 (4)

And

rp(h) = 2N @2nAM (5(f)  h(f)) ;h=">,..,N—
1 (5)

Assuming d(n)=s(n)*h(n) and performing some calculations
we have:
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Finally the carrier frequency offset estimation is performed as
follow:

—tan(zNAfT) = 2D

~ _ 1 1, ImD
TG = Af = — tan -— (8)

Re(T)

6.ESTIMATING THE CARRIER
FREQUENCY OFFSET AND
CHANNEL’S COEFFICIENTS

6.1 Channel Estimation without
Synchronization

Channel estimation for OFDM system:

Input s s SP |- = : P/S Add. | orpm
Data Mod = conv: |2 | TFT |1 | conv: [™®] cp [
N > = >

» »|
K x1 K x1

Fig 2: Displaying a OFDM system.

The transmitter sends X(K) data for K=0,...,N-1:
1 _ 2

x(n) = \/—NZL&X(k) W s n=0.,N-1

(9)

Adding the cyclic prefix(cp) , the r(n) vector is formed as
following:

N-1
1 2
r ) = —= > XCOH(RE TP 4 7(n)
N k=0
=0,.., N+ Ncp—1

(10)
Finally, we remove cp:
L 2T
r(n) = =N XOHWE V™ +2(n) (11)

In the receiver, the received signal is:
2T .
() = s RS XOHDO ZN /70 4 200 (12)

A MIMO-OFDM system is supposed, with N transmitter
antennas and M receiver antennas and K sub carrier which has
the following diagram block.

— R‘T“v' - gp . FFT : P§ —= Demod, Decoder Decision
Ccp Conv. | . . Conv.

International Journal of Computer Applications (0975 — 8887)
Volume 45— No.13, May 2012

X))

> >
L || | A
: Sl
'Y Y
14 14
> ‘ '
Xy (), Sy (1),
o 1 A
.| T
L cp
F L4

e

Fig 3: Diagram block of MIMO-OFDM system’s
transmitter.
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Fig 4: Diagram block of MIMO-OFDM system’s receiver.
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For a 2*2 MIMO-OFDM channel, the impact response under
the channel between ith transmitter antenna and jth receiver is
represented by h;;[19]:

2T
HE) =Xkbh e v k=0,..,N-1 (15)
In the receiver, the received signal under the kth carrier after
the Fourier transform is:

yi(K) = M (Xi(k)Hi, j(k)) + Wj(k) (16)
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Where My is the number of transmitter antennas, wj(K)
represents White Gaussian Noise with an average of 0 for the
jth receiver antenna in the kth sub-carrier. And for a 2*2
MIMO-OFDM system we have:

Nyt [ﬁ &] Wi = Avxaha,  +
A 17
—1N><1 ( )
Y21 = [ﬁ &] WLhy = Avaahz,  +
Z 18
—2N><1 (18)

Where:

hi=[h11;h21] ,
(19)

h2=[h12;h22]

And WL is a matrix N x L consisting of all e L,

That in the end Estimated channel coefficients is as
follows:

ifk € piloty, - EzLxl = A7 (k) (k) by
— A (D)y.(R) 20)

2Lx1

6.2 Channel Estimation with
Synchronization

Signal model is as follows:
sP(n) = ZX(k)e] k- NCP)

n=0,..,N+Ncp—1 (21)

Then vector r rate in the presence of carrier frequency offset
is:
rP(n) = /M x 5P (n) *+ h(n) + Z(n); n=0,...,N, — 1

(22)

With eliminating cp and doing a series of operations, We have:
' L yn- - kL 2k

r(n) — e}ZnAf(n+Ncp)ﬁ ZQ:lX(K) Z%:é hy e Iy Le] L

Z(n)

(23)

Where Z (n) is White Gaussian Noise with an average of 0 .
The output of the receiver is as follows:

y(n) = Z r(n)e™ en ;k=0,. -1 (24)
Result
y(n) = e/2m 8 Nep L x (i) H(D)6; 1 + Z (k) (25)
And

O = —ZN Loign(CFO+=k) _ i o (CFO +i—
k)e/m CFO+i=i). e =0, ...,N — 1 (26)
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Finally Channel’s coefficients estimation in MIMO-OFDM
system is as follows:

if:k € piloty, > h = A (R)y.(k) A =
St T, = O b,

A7 (k)y(k) 27

Where

hi=[h11;h21] ;h2=[h12;h22]
(28)

And WL is a matrix N x L consisting of all e KL

7.SIMULATION RESULTS

In this chapter, a MIMO-OFDM system with 2 transmitter
antennas and 1, 2 receiver ones is used for the simulation. The
assumed system has a QPSK modulation. The total number of
subcarriers, N, is 64,32 and L is the tap of channel.

The simulations in channel estimation in SISO-OFDM and
MIMO-OFDM systems are as follows:
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Fig 5 : Channel estimation in SISO-OFDM systems L=5
without synchronization.
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Fig 6 : Channel estimation in 2*2 MIMO-OFDM systems
L=4 and N=64 without synchronization.
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Fig 8: Channel estimation in 2*2 MIMO-OFDM systems
L=4 without synchronization.
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Fig 9: Channel estimation in 2*1 MIMO-OFDM systems
L=4 without synchronization.
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Fig 12: Synchronization for SISO OFDM systems.
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Fig 13 : CFO estimation for SISO-OFDM systems with
MLE algorithm, L=5.
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Fig 14 : CFO estimation for 2*2 MIMO-OFDM systems
with MLE algorithm,L=4.

Each of the figures 5 to 11 Show channel estimation in SISO-
OFDM and MIMO-OFDM systems with LS method.
Figure13,14 show CFO estimation in SISO-OFDM and
MIMO-OFDM systems with MLE algorithm.

Table 1. Channel estimation in 2*2 MIMO-OFDM systems

L=4 and N=64.
SNR Without With
synchronization | synchronization
0 0.4683 0.4983
5 0.3777 0.4004
10 0.275 0.2825
15 0.1753 0.1668
20 0.09641 0.07971
25 0.0417 0.02955
30 0.01549 0.009859
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8. CONCLUSION

Estimation of channel coefficients and synchronization
parameters are two main challenges in realization of MIMO-
OFDM systems which are practical. In almost all published
references till no, estimation of cannel coefficients is done with
the assumption of total frequency synchronously of transmitter
and receiver. The created frequency synchronously between
transmitter and receiver, in practice, is always exposed to risk
due to presence of factors such as Doppler phenomenon and
phase noise. The channel estimation techniques for OFDM
systems based on pilot arrangement are investigated. That on
this basis pilots were inserted among subcarriers in transmitter
with distances emerged of sampling theory. Therefore for exact
estimation of fading channel status, it’s necessary to keep the
created frequency synchronously between transmitter and
receiver, uninterrupted. This article dedicated to channel
estimation in MIMO-OFDM systems. After describing the
system’s model an estimation was proposed to estimate the
channel coefficients. Rare articles with subject of channel
coefficients estimation and carrier frequency offset in OFDM-
based systems have been published so far. Simulation results
proved the acceptable BER performance of channel estimation
algorithm, which is closed to the ideal channel.
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