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Abstract—In this letter, we present a novel timing offset estima- using computer simulation results. Finally conclusion is drawn
tion method for orthogonal frequency division multiplexing sys- in Section V.
tems. The estimator proposed here is designed to avoid the ambi-
guity which occurs in Schmidl’s timing offset estimation method.
The performance of the proposed scheme is presented in terms of Il. SYSTEM DESCRIPTION
mean and mean-square error (MSE) obtained by simulations. The A. OFDM Signal Description
simulation results show that the proposed estimator has a signifi- =
cantly smaller MSE than the other estimators. Consider a general case of a OFDM system, using the stan-

Index Terms—Orthogonal frequency division multiplexing dard complex—valued baseband equivalent signal model. The
(OFDM), preamble, timing offset estimation. nth received sample has the standard form

L—-1
. INTRODUCTION yln) = hlmla[n — m] (1)
m=0

YNCHRONIZATION has been a major research topic in
rthogonal frequency division multiplexing (OFDM) syswhereh[n] is the channel impulse response, whose memory is
tems due to the sensitivity to symbol timing and carrier fredenoted byL. z[n] is the time-domain OFDM signal expressed
guency offset [1]. Several approaches have been proposedbyo
estimate time and frequency offset either jointly or individually
[2]_[4] (2w /N)kn

The most popular of the pilot-aided algorithms is the method zln] = Z orel /) 2)
proposed by Schmidl [5]. His method uses a preamble con-
taining the same two halves to estimate the symbol timing andhereN is the number of sub-carriers and thes are the com-
frequency offset. Schmidl’'s estimator provides simple and rpiex information symbols.
bust estimates for symbol timing and carrier frequency offset. At the receiver, timing offset is modeled as a delay in the re-
However, the timing metric of Schmidl’'s method has a plateaceived signal and frequency offset is modeled as a phase distor-
which causes a large variance in the timing estimate. tion of the received data in the time domain. These two uncer-

To reduce the uncertainty arising from the timing metric¢ainties and the AWGNv[n] yield the received signal
Minn proposed a method as a modification to Schmidl’s ]
approach [6]. Minn's preamble yields a sharper timing metric r[n] = y[n — n el PO /NFT) 4 ap[n] 3)
and smaller variance than Schmidl’s. While Minn’s estimator ) ) ) )
provides accurate estimation, the variance of estimation is quif8ere n is the integer-valued unknown arrival time of a
large in ISI channels. symbol,f. is the frequency offset anglis the initial phase.

This letter contains our proposal for a new timing synchrg-
nization method for OFDM timing estimation which produce
an even sharper timing metric than Schmidl’s and Minn'’s. The goal of OFDM timing synchronization is to estimate

In Section Il we introduce the OFDM signal model and deBefore we proceed, let us briefly describe the timing offset es-
scribe the existing timing estimation methods. Section Ill covetignation methods presented in [5] and [6].
the proposed preamble and timing offset estimation method. Inl) Schmidl’s Method:The form of the time-domain pre-
Section 1V, the performances of the proposed estimator and g&igble proposed by Schmidl is as follows:
other estimators are compared in terms of mean-square error

. OFDM Timing Synchronization

Psen = [Anj2  Anyol
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where of product, with the exception of only two pairs of product.
This fact makes the difference between the peak value and
. N the following value slight. Therefore, to enlarge the difference
Pr(d) = Z r(d+k) - <d+ k+ E) ®) between the two adjacent values of the timing metric, it is
k=0 needed to maximize the different pairs of product between
N/2-1 . L
Ra(d) = Z i (d+k+ N 2 ©6) them. This is c_zlgpendent on the structl_Jre of the _tralnlng symbol
1 2 and the definition of the timing metric. For this reason, we
F=0 propose a new preamble and correlation method to obtain an
The timing metric of Schmidl’s method has a plateau whicinpulse-shaped timing metric.
leads to some uncertainty regarding the starting point of theThe samples of the proposed preamble are designed to be of
OFDM symbol. To reduce this effect, Schmidl proposes an afe form
eraging method which takes the timing estimate as the average
of the two 90% of maximum timing metric point. Nevertheless, Ppro = [Cnja Dnja Oy Dyjyl (10)
the mean-square error of the Schmidl’s estimator is quite large.
2) Minn’s Method: In order to alleviate the uncertaintywhereCy/, represents samples of lenglfy/4 generated by
caused by the timing metric plateau and to improve the timilgFT of a PN sequence, andy, , represents a conjugate of
offset estimation, Minn proposed a modified preamble. Minn®§'x/4- To get impulse-shaped timing metrib,y,, is designed

N/2-1

preamble has the following form: to be symmetric withiCy /4 in this letter.
This symbol pattern can be easily obtained by using the prop-
Prtinn = [Bnja Bnja —Bnja —Bnwyal erties of FFT. The training symbol is produced by transmitting
areal-valued PN sequence on the even frequencies, while zeros
whereBy, 4 represents a PN sequence of lengthi. are used on the odd frequencies. This means that one of the
Then the timing metric is expressed as points of a BPSK constellation is transmitted at each even fre-
) guency. Then result of IFFT will produce the time-domain se-
Miginn (d) = | P(d)| (7) Quence as shown in (10).
(Ra(d))? To estimate frequency offset using the same preamble, the
h basic form of proposed preamble is same that of Schmidl. There-
where fore, Schmidl's frequency offset estimation algorithm can be
1 N/a-1 N N N also applied to the proposed preambile.
Py(d) = Z r* <d—|——m+k> r <d+—m+k+—> To make use of the property thaty,, is symmetric with
m=0 k=0 2 2 4 Cnya, let us define a new timing metric as follows:
o | P3(d)]”
1 N/4-1 2 3
Ro(d) =) r <d + Nkt ﬁ) 9 Mero(d) = (R3(d))? (11)
m=0 k=0 2 4
where
In Schmidl's method, the timing metric has its peak for the
entire interval of the cyclic prefix. The Minn’s method has its N/2
peak at the correct starting point for the OFDM symbol, since Py(d) = r(d—k)-r(d+k) (12)
correlation of some samples results in negative values. For this k=0
reason, Minn’s method eliminates the peak plateau of the timing N/2
metric, hence resulting in a smaller MSE. Ra(d) =" [r(d+k)|*. (13)
k=0
lll. PROPOSEDSYMBOL TIMING METHOD The P;(d) is designed such that there a¥g2 different pairs

Minn’s method uses negative-valued samples at tléproductbetween two adjacentvalues. Itis maximum different
second-half of training symbols to reduce the timing metrigairs of product. Therefore, the proposed timing metric has its
plateau. Correlation of these negative samples results irpeak value at the correct symbol timing, while the values are
decrease of the timing metric at an incorrect OFDM symbalmost zero at all other positions.
starting point. However, in spite of the reduction of the timing Fig. 1 shows an example of the timing metric under no noise
metric plateau, it is observed that the MSE of Minn’s estimat@nd no channel distortion with 1024 subcarriers and 128 cyclic
is quite large in ISI channels from the results in [6]. This iprefix. The correct timing point is indexed O in the figure. The
because the values of the timing metric around the corrgmbposed timing metric is compared to those of Schmidl's
starting point are almost the same. Therefore, in order &amd Minn’s. As seen in the Fig. 1, Schmidl's method creates
increase the performance of the estimator, a method whigtplateau for the whole interval of cyclic prefix. The timing
enlarges the difference between peak value of the timing metnieetric from Minn’s method reduces the plateau, and yields a
and the other values is required. sharp timing metric. As expected, the proposed method has an

Observation of two adjacent values of the timing metriompulse-shaped timing metric, allowing it to achieve a more
clearly shows that they have all the same sum of the paa@scurate timing offset estimation.
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Fig. 1. Comparison of the timing metric of estimators.
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Fig. 2. Mean of estimators in HIPERLAN/2 indoor channel A.

IV. SIMULATION RESULTS

The performance of the proposed estimator is evaluated b
computer simulations. OFDM system with 64 subcarriers and
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Fig. 3. MSE of estimators in HIPERLAN/2 indoor channel A.

We can see from the MSE curve in Fig. 3 that the proposed
timing offset estimator has a much smaller MSE than the
other estimators. This improvement can be inferred from the
impulse-like shape of the timing metric of proposed estimator.

The simulation results make it clear that the performance of
the proposed estimator performs better than the other two esti-
mators, making it a more favorable option for the initial timing
synchronization of OFDM systems.

V. CONCLUSIONS

A preamble and a timing offset estimator are presented in this
letter. The proposed timing offset estimator reduces the plateau,
which makes the uncertainty of estimation in Schmidl’s timing
offset estimation method. The proposed timing synchronization
method makes it possible to estimate symbol timing offset with
a much smaller MSE. Therefore, the proposed estimator is suit-
able for the initial timing synchronization of OFDM systems.
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