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Abstract: Problem statement: The objective of this study is improving channsfimation accuracy

in MIMO-OFDM system because channel state inforomais required for signal detection at receiver
and its accuracy affects the overall performanceystem and it is essential to improve the channel
estimation for more reliable communications. MIMGOM system was chosen in this study because
it has been widely used today due to its high datia, channel capacity and its adequate performance
in frequency selective fading channels. For thigppee a 2x2 system was designed and pilot aided
channel estimation with interpolation, is madedtee to enhance BER performanégproach: First

of all, pilots were inserted among subcarriersams$mitter with distances emerged of sampling theor
then Least Square (LS) method was chosen for limtiannel estimation in pilots at receiver, using
applicable proposed receiver, which has simple @able structure, then channel state information
was estimated by linear interpolator in informatisabcarriers, which uses two adjacent channel
estimation in pilots to compute channel in anotkabcarriers and an LMS iterative algorithm,
including a feedback of output is added to syst€his algorithm uses the channel estimation of last
iteration in current estimatiorResults: Adding a LMS iterative algorithm to system, impesvthe
channel estimation performance. Simulation resphlsved the acceptable BER performance of
iterative channel estimation algorithm, which issgd to the ideal channelonclusion: The low-
complexity proposed receiver including LMS algomithhas a higher efficiency than conventional
methods and it can work in lower amount of SNRs.

Key words: MIMO-OFDM, pilot aided channel estimation, lineantarpolator, LMS iterative
algorithm

INTRODUCTION OFDM system is combined with multiple antenna
in both sides of link, resulted in MIMO-OFDM system
OFDM is a modulation technique, which is used inand higher channel capacity (Telatar, 1999).
frequency selective fading channels, divides a kigta Channel information is required at receiver for
rate into a number of lower data rate streams ovesignal detection. However, There are different rod¢h
subcarriers transmitted simultaneously through oehn  of channel estimation such as pilot aided (Li, 20&2d
Each sub stream experiences flat fading narrowbanblind (Gao and Nallanathan, 2007) approaches.,itsie f
channel (Proakis, 2001). method is chosen as a channel estimation methtbsin
Subcarriers are orthogonal in time domain, whichstudy due to its less complexity. According to singp
save bandwidth in frequency domain, resulted in ICitheory (Oppenheim and Schafer, 1999), Pilots are
cancelation. Additionally, CP (Nee and Prasad, 2000inserted equal-spaced among subcarriers in frequenc
as a guard interval with a length, longer than ylela domain at transmitter, which are known at receassu
spread, that is a copy of last Namples, in front of will be extracted to estimate channel at pilot sulders
each symbol, avoids 1SI (Nee and Prasad, 2000rnd interpolation is implemented for channel estioma
therefore OFDM technique is a method to remove thén another subcarriers. In the analysis, channel is
effects of frequency selective fading channels &md estimated with LS (Colegt al., 2002) method at pilots,
enhance the bandwidth efficiency up to 50% comjgarin then linear interpolation is used to complete the
with FDM technique. estimation (Colerét al., 2002; Hsieh and Wei, 1998).
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For improving the quality of channel estimation, Also H channel matrix can be shown as:
different iterative algorithms are available, sashEM
(Xie and Georghiades, 2003), RLS and LMS (Haykin,

: . H
1996), among them LMS is chosen due to its less R L
complexity comparing with other methods and its H=| : R 3
acceptable performance. Ho. - Ho

In this study the system model are introduced in
section which followed by implementing channel
estimation by proposed receiver which are imprdwed
iterative algorithm and observing the simulatiosule
followed by a discussion.

where the first subscript shows the receive antemua
the second one is transmit antenng. H diag[H, ...
Hy.1], defines the channel between jth transmit antenna
and ith receive antenna.

MATERIALSAND METHODS _ _— .
Recelver designing: At the receiver, nx n sets of

o . .extracted received pilot tones are used for channel
The general system model is introduced then it i$gtimation, which LS method is chosen due to its

described in detail with a complete explanation Ofsimplicity. The standard formula for this approamh
receiver and the iterative algorithm, which wasduse mth symbol is computed as:

considered, which is shown in Fig. 1.
A symbol of length N is considered, which P pilots
are inserted among data in distances, emerged ®fhere, X(m) and Y(m) respectively show the
sampling theory (Oppenheim and Schafer, 1999), téransmitted and received pilots. After channel
avoid aliasing, as follows: estimation in pilot tones, channel is estimatedaih
subcarriers, using linear interpolator:
1

NP

: o

N g a O _ ]
9 2(1+Wg)fDmax H(| X% +n) - H(p(l) +nx H(p(l +1)) H(p(l))

’\%_ (5)

Assuming the pilots are placed dubcarriers apart 0< n<%, O0< I<L
in every NOFDM symbols andpfmax is the maximum
Doppler frequency. The pilots are chosen randomgly b
BPSK modulation and data has QPSK modulation du#here, L is the number of pilots and the equation
to its higher bandwidth efficiency (Xiong, 2000)ha computes the channel in (IxN/L+n)th subcarrier and
modeling of the system is as follows: p(I+1) and p(l) show the pilots location. Two adjat
channel estimation through LS estimation are used t
estimate channel in subcarriers between them.

The n x n matrix of channel estimation is applied
to the whole received symbol. For each receiveranae
n, data stream are added to produce the signal.ifiale f
signal at each receiver, after detection is congpate

Y =HX +W (2)

Where:

Y = Received signal matrix in frequency domain

X = Transmitted signal

W = AWGN N
R =de mod(nl > Y /) ©6)

t n=1

where channels are considered with equal power,

otherwise the coefficient related to the power of

channel, should be multiplied in;}H The structure of

proposed receiver is shown in Fig. 2. Which is

Fig. 1: The schematic structure of MIMO-OFDM considered for one receivery®2 and Rs2 are the data
system were received through 2 paths.
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Fig. 2: The structure of proposed receiver

As illustrated in Fig. 3, LMS algorithm is applied
oweesont [ ho G on _’e“i];“ljgi"“ to receiver and the channel which was estimateghah

: iteration would be used for next iteration, additily
the output signal is fed to source signal for rehannel
estimation. Another important factor in channel
estimation through this method is p which influeice
on estimation and should be precisely chosen.

¥

it = 1 Received -If ]

signal
2

RESULTS
Fig. 3: Implementing LMS algorithm in proposed
receiver The 2x2 MIMO-OFDM system was simulated

_ _ _ _ _ _ using matlab program so that pilots are insertedragm
Iterative algorithm: There are different iterative data for initial LS channel estimation. The channel

algprlthms which are used to improve Cr.mnn.elbetween transmitter and receiver antennas was ewbdel
estimation and various methods are obtained aislinit . . . . -
by multipath rayleighy fading channel using jakes

estimation. Also estimation in each iteration, dan

used as side information and feed back to system t3PECtrum type. Channel bandwidth is 1.75 Mhz (IEEE

methods are used for SISO and MIMO system$uch as delay spread, tap power and Doppler freguen
(Chenet al., 2007; Qiacet al., 2005). In this study for were chosen, using Standard University Interim cleén
initial channel estimation, data aided schemesuaeel model (SUI) (Erceget al., 2001). This model can be
and pilots are transmitted along with data. Theattee  used for simulation because it is suitable for dixe
algorithm which is used in this article, is LMS proadband wireless application.

algorithm, that uses channel estimation of lashiten. A FFT with the size of 1024 was used, with a CP

Itis given by: length of 256. In which data are in QPSK modulation

A and BPSK modulation was chosen for pilots. Thetgilo

H,=H,,—uxexXU @) are placed in distance which fulfill the samplihgary,
was mentioned in Eq. 1.

Where subscript: At receiver, all of procedures such as addinga2®,

n = The iteration state reversely done and pilots are extracted after FieFation

e = The signal error

- for LS estimation and linear interpolation. Figsdows
KU = A coefficient between 0-1 P g

the performance of proposed receiver, introduced in
The iteration process is continued until theFig. 2, for 2 receive antennas and the performasce

determined criteria will be reached. which it come  different for 2 receivers due to the differenceslioks

an especial MSE. parameters such as delay and power.
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10° - - : - ‘ higher iterations but the changes decreases congpari
e, with less numbers of iteration and a criteria sash
T S] S i ] MSE can determine the number of iterations. Another
R factor which influences on performance of systeiés
. g ] value of pu, which can be chosen by experiment and i
o ’ Fig. 6, its effect was investigated. 0.1 due tobitster
A - v , *« ] performance, was used in this study for simulation.
rx1, proposed receiver ™
104l F er,];r‘o[P;osed receiver " DISCUSSION
----- Ideal charmnel X +
In this study MIMO-OFDM system was chosen for
10'50 s : p s TREEET) . investigation due to its advantages, such as ramgovi
SMR ISI and ICI and its appropriate performance in
frequency selective fading channels and a simple
Fig. 4: Performance of proposed receiver structure of the receiver for channel estimations wa
proposed and comparing with Coletial. (2002) and
Lo ' ‘ ' ' ' ' Hsieh and Wei (1998), it was designed for MIMO
N system which has higher efficiency than SISO system
1o also it works in a lower amount of SNR which refier
< @\\ less energy consumption. In proposed receiver, e
107 N \\ : method was used for initial channel estimation and
% *H \\ linear interpolation was chosen for completing the
105 b Proposed IMS alg, 20 . * BN\ J process. The estimation was improved, using LMS
+ ProposedLMEalg 3y g \ iterative algorithm, including a feedback of outpat
o4l »  Proposed LMS alg, 4itr \ ] source which lead to lessen error and is simplan th
—+— Proposedreceiver I*-.\_“b some iterative algorithms such as EM. lIts BER
1os deal channel . . s performance shows acceptable performance, closed to
0 2 4 o 10 12 14 the ideal channel. The number of iterations can be

determined by a criteria such as MSE. Additionétiy

Ms H should be chosen precisely and it can be a good
option to research and to use the ways of updaitiimgy
each iteration.

Fig. 5: Improved channel estimation, using L
iterative algorithm

CONCLUSION
107 In this study a low complexity structure of reciv
was proposed so that the LS method and linear
102 interpolation were used for initial channel estiimat
5 For improving accuracy of channel estimation, LMS
. B iterative algorithm was added to receiver which
o S“g_‘“e“zfg;l N includes a feedback of output and improves the BER
o oo RN performance of system, closed to the ideal channel
107 N
N, performance.
BN For future research, the method to determine the
1075 — . T T pilots location, to improve efficiency of the systenay
SINR be considered.
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