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Abstract

In this paper, a new algorithm has introduced the most estimation
similarity, channel coefficients fading and moving the carrier
frequency in MIMO-OFDM systems. The purpose of this paper
provides an algorithm to synchronize and estimate channel
coefficients which has low computational complexity. The
proposed algorithm using the process sequence containing the
training symbols, carrier frequency offset and channel coefficients
fading, estimate in two consecutive stages. Consequently, low
computational complexity and having easy implementation.
Moreover, the algorithm can be used in a variety of STC-OFDM
systems.
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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. [1]

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

More in the second section, the MIMO-OFDM systems
are introduced. In the third section synchronizing methods, in
fourth section estimating methods of coefficients of channel,
and in fifth section proposed algorithm for estimating
coefficients of fading channel and carrier frequency offset in
MIMO-OFDM systems are described, and at the end the
results of accomplished simulations are presented.

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 or integrating them together as MIMO-
OFDM, are suggested.

2.1 MIMO-OFDM systems

The high intrinsic resistance of OFDM against the ISI
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.
Besides, according to the increase in number of unknowns,
estimating the in these systems are a lot more complex than
estimating channel in one antenna systems [2]. Diagram
block of one kind of MIMO-OFDM systems, is shown in the
figurel.
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Fig. 1 Displaying a MIMO-OFDM system. [3]

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

3. Synchronization methods

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 [4]:

A. 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 OFDM symbols. This group is also called cyclic
prefix based methods [5] and [6].

Input based algorithms: this group of algorithms uses the
educational symbols sent in information frames to estimate
synchronization parameters [7], [8], [9] and [10].

B. After FFT algorithms

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

4. Channel estimation methods in MIMO
OFDM systems

The major considered estimating channel methods are as
follows:
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A. 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 [11].

B. 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 [12].

C. Half blind methods

In this method the between up between properties of the
two previous methods are used [13].

5. Channel’s coefficients estimation
algorithm and the presented carrier
frequency offset

A MIMO-OFDM system is supposed, with N transmitter
antennas and M receiver antennas and K sub carrier which
has the following diagram block.
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Fig.2 Diagram block of MIMO-OFDM system’s transmitter.
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Fig. 3 Diagram block of MIMO-OFDM system’s receiver.

With the assumption of the total synchronization of
transmitter and receiver in time we have:

N-1 27
s(n) =ﬁ2x<me’ Tin=0LLN-1 )
k=0

It changes to following by adding the s(n) cyclic prefix:
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cp 1 = j%rk("_NCP)
S (”)=NZX(/€)€ ;n=01.N+Ncp—1 (2)
k=0

With a few calculations and removing the cyclic prefix,
the r(n) vector is calculated as follows:

N 'z—ﬂin
r(n) =™ N N x(iVH (e ¥ +v(n) ()
i=0

In which the v is the complex Gaussian noise with a zero
average. At the end what is received in the receiver is as
follows:

y(n) =™ Y X()H ()3, + (k) @

W =27Af

5.1 Estimating the carrier frequency offset and
channel’s coefficients

By studying the equation (4) again, we can observe that
this relation has two unknown parameters of w and h(i).
Since v is supposed the white Gaussian noise with a zero
average, estimating the maximum similarities of w and h;
unknown parameters, equals estimating their minimum
squares. Estimating the maximum similarities of w and h; can
be obtained from the following cost function [14]:

STl
F(w) = diag(l,ejw, ..,e/mD )

A(n) = [ej“’NX,Al (n),...,e™" - 4, (n)kaNAL 5)

Step 1 (estimating the carrier frequency offset): the
question of estimating maximum similarity of carrier
frequency offset can be presented as follows:

d=arg:™ " log] plrfw, Jplh ) ()
There are some estimators in two limit modes of (NDA,
DA) and one middle mode of (CA), separated from what is
used as scale for estimation, related to the amount of
receiver knowledge of assumed density function. The DA
ML estimator does not exploit all the information available
about the channel because it makes use of the datafree
observation samples only.To improve the channel estimate
quality,the channel can be estimated on the basis of the
whole received burst,including both the training sequence
and the data. However,when the transmitted sequence is
unknown and encoded,the likelihood function exploiting the
code is much more difficult to compute.

The EM algorithm enables iteratively solving this
problem.The EM algorithm has been exploited previously to
estimate the channel,but it has usually been used to estimate
the channel taps only.

In order to reduce the high calculations of estimating
maximum similarity, EM repetition based algorithm is used.
The EM algorithm estimates carrier frequency offset in two
following steps:
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Step E: Expectation:

O b)) E{{ZMI log plr;|w: )}

Step M: Maximation:
whk) argp™® Q(w\ wik )) )

In above relations, w(k) show the estimated carrier
frequency offset in the k" repetition of EM.

At the end” Equation 8” after a series of calculations
becomes like the following:

M k-1
W) — gt S5 w0 M p)e |
i=1 p=0 (9)

With the assumption of S®(p)=r;'(p)vi”(p), relation
number 9 is rewritten like the following:

(k)
W(k+1) =arg, Re(zj‘:flR J

" W(k)}
)

1
(10)

The above relation can be calculated using FFT. Thus the
proposed method has a suitable calculation speed.

Step 2 (estimating the coefficients of fading channel):
after the estimation of rate of carrier frequency offset, it’s
time to estimate the maximum similarities of coefficients of
fading channel h; (i =1,..,M ). Thus the estimation of
maximum similarities of channel’s coefficients can be
obtained from the following relation:
by = (AT 7 AT T Gy ri=1,. M an

5.2 Simulation results

Simulation for MIMO-OFDM system with 32 sub
carriers and different number of transmitter and receiver
antennas is repeated in switch frequency fading channels.
The bandwidth has been assumed 1 MHz and its modulation
QPSK and L is the tap of channel.

In the following figures, mean square error is shown
according to signal to noise ratio. The carrier frequency
offset is assumed a stable amount in simulations (Af=0.1).
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Fig .4 Mean square error according to SNR for MIMO-OFDM system with

32 sub carriers, which uses 2 transmitter antennas and one receiver antenna

with EM algorithm.
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2x2 MIMO-OFDM System with 32 subcarriers
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Fig. 5 Mean square error according to SNR for MIMO-OFDM system
with 32 sub carriers, which uses 2 transmitter antennas and 2 receiver
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Fig . 7 Channel estimation in 2*2 MIMO-OFDM systems L=4 without
synchronization.
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Fig . 8 Synchronization for SISO OFDM system.
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Fig . 9 Joint channel estimation and synchronization for SISO-OFDM
systems.

Fig.10 reports the normalized MSE obtained after 10
iterations of the whole receiver,as a function of the average
Ew/NO per receive antenna.The curve labeled“CRB” is the
Cramer-Rao bound when all the symbols of the frame are
known,that is to say the DA CRB.The MSE of the UEM-
HEM estimator,i.e.,the UEM channel estimator with the
HEM noise-variance estimator,reaches that bound for
Ey/Noabove 5-6 dB.The DD estimator is also close to the
CRB.The MSEs of the three other EM-based estimators are
between those of the DD and DA estimators.All the iterative
algorithms seem to perform better than the DA one,whose
estimates are not iteratively refind .Regarding the noise
variance,the EM estimator overestimates it more than the
HEM one,as expected.For a E,/Ny=7dB,the bias of the EM-
EM and UEM-EM estimators is 3dB at iteration 2 and
around 0.5-1.5 dB at iteration 10 ,whereas the bias of the
EM-HEM and UEM-HEM estimators is only 2 dB at
iteration 2 and around 0.05 dB at iteration 10[15].
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Fig. 10 Normalized MSE of the channel-tap estimates after 10
iterations for a 4*4 flat Rayleigh-fading channel.

6. Conclusions

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. Therefore for exact
estimation of fading channel status, it’s necessary to keep the
created frequency synchronously between transmitter and
receiver, uninterrupted. The presented algorithm estimates
the carrier frequency offset and fading channel coefficients
in two sequential steps, using the header sequence at the
beginning of sent frames. The aforementioned algorithm is
also extendable to different STC-OFDM systems.

References

[11 X. Ma, M.K. Oh, G. B. Giannakis, and D.J.Park, "Hopping
Pilots for Estimation of Frequency-Offset and Multiantenna
Channels in MIMO- OFDM", IEEE Trans. On commun., vol.
53, no. 1, pp. 162-172, Jan. 2005.

[21 G. J. Foschini and M. Gans, “On limits of wireless
communications in a fading environment when using multiple
antennas,” Wireless Pers. Commun., vol. 6, pp. 311-355,
March 1998.

[3] Gao Fiefie PhD thesis, " Robust Synchronization and Channel
estimation for MIMO-OFDM Systems ",2007 .

[4] M. Speth, S.A. Fechtel, G. Fock, and H. Meyr, “Optimum
Receiver Design for Wireless Broadband Systems Using
OFDM, Part I,” IEEE Trans. Communications, vol. 47, No.
11, pp. 1668-1677, Nov. 1999.

[51 F. Classen, and H. Meyr, “Synchronization algorithms for an
OFDM system for mobile communication,” in Codierung fur
Quelle, Kanal und U" bertragung: ITGFachbericht 130,
Mu'nchen. Berlin Offenbach: VDE-Verlag, ITG, pp. 105-114,
Oct. 1994.

Copyright (c) 2012 International Journal of Computer Science Issues. All Rights Reserved.

[6] F. Daffara, and O. Adami, “A novel carrier recovery
technique for orthogonal multicarrier systems,” Eur. Trans.
Telecommun., vol. 8, no. 4, pp. 323-334, July 1996.

[71 ETSI, “Radio broadcast systems; digital audio broadcasting
(DAB) to mobile, portable and fixed receivers: Final draft pr
ETS 300 401,” European Telecommunications Standards
Institute, Tech. Rep., Nov. 1994.

[8] T. Keller, and L. Hanzo, “Orthogonal frequency division
multiplex synchronization techniques for wireless local area
networks,” in Proc. IEEE Int. Symp. Personal, Indoor, and
Mobile Radio Communications, pp. 963-967, 1996.

[91 U. Lambrette, M. Speth, and H. Meyr, “OFDM burst
frequency synchronization based on single carrier training
data,” IEEE Commun. Lett., vol. 1, pp. 46-48, Mar. 1997.

[10] T. Schmidl, and D. Cox, “Robust frequency and timing
synchronization for OFDM,” IEEE Trans. Commun., vol. 45,
pp- 1613-1621, Dec. 1997.

[11] Jin-Goog Kim and Jong-Tae Lim ," MAP-Based Channel
Estimation for MIMO-OFDM Over Fast Rayleigh Fading
Channels ", 2008 .

Feifei Gao, Yonghong Zeng, Arumugam Nallanathan, Tung-
Sang Ng, , " Robust Subspace Blind Channel Estimation for
Cyclic Prefixed MIMO OFDM Systems:
Algorithm,Identifiability and Performance Analysis ", 2008.

[13] Feng Wan, W.-P. ZhuM. N. S. Swamy, " A Semiblind
Channel Estimation Approach for MIMO-OFDM Systems "
,2008 .

[14] M. O. Pun, S. H. Tsai, and C. C. Jay Kuo, “An EM-Based
Joint Maximum Likelihood Estimation of Carrier Frequency
Offset and Channel for Uplink OFDMA Systems”, IEEE
Transactions on communications, Vol. 2, no. 3, pp. 76-84,
2004.

Xavier Wautelet, Cédric Herzet, Antoine Dejonghe, Jérome
Louveaux, “Comparison of EM-Based Algorithms for MIMO
Channel Estimation”, IEEE Transactions on communications,
VOL. 55, NO. 1, JANUARY 2007.

[12

—

[15

—

Navid Daryasafar was born in Bushehr ,Iran.He received Bachelor
and Master degrees in Electrical-Telecommunication
engineering from Islamic Azad University , Bushehr, Iran.

Babak Ehyaee was born in Bushehr  Iran.He received Bachelor
and Master degrees in Electrical-Telecommunication
engineering from Islamic Azad University , Bushehr, Iran.

Aboozar Lashkari was born in Bushehr ,Iran.He received Bachelor
and Master degrees in Electrical-Telecommunication
engineering from Islamic Azad University , Bushehr, Iran.

1JCSI
www.lJCSl.org





