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Abstract

Traditional time synchronization schemes are based on autocorrelation between identical parts of the reference OFDM symbol. However,
the time metric of the traditional schemes have a plateau or significant quantity of side lobe. This results in a poor timing synchronization
performance. In this paper we are proposing a modified timing metric based on difference of absolute value as a normalized factor. The
timing synchronization based on the modified timing metric reduces side lobe and improves the timing synchronization performance.
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1. Introduction

In recent times there is an exponential rise in the demand of multi-
media wireless services based on broadband standard. A common
technology in most of the broadband standards designed to provide
broadband services is Orthogonal Frequency Division Multiplexing
(OFDM) [1]-[2]. OFDM is a multicarrier modulation technique [3],
where high data rate serial bits are converted into low data rate par-
allel paths and the signals in each of the parallel paths modulate
orthogonal sub-carriers. This process of transmission of OFDM sig-
nal converts frequency selective channel into frequency flat fading
channel. In contrast to mono carrier communication, OFDM com-
bats the effects of frequency flat fading channel in frequency do-
main using bank of simple one tap equalizer. Due to the robustness
of OFDM to multipath fading, it is adopted in WLAN, DVB-T,
LTE-A, MB-OFDM UWSB to provide wireless broadband services.
However, OFDM is highly sensitive of time and frequency synchro-
nization error [4].

In an OFDM system, the timing and frequency of the received
OFDM signal should be synchronized [5] with the reference signal
at the receiver. However, due to Doppler shift, multipath fading de-
lay and oscillator frequency instability at the receiver results in the
frequency offset between transmitted carrier frequency and timing
offset.

Frequency synchronization error in OFDM system [3] is resulted
by the Inter Channel Interference (ICI). Timing synchronization er-
ror in OFDM system [5] results in Inter Symbol Interference (ISI),
Inter Channel Interference (ICI) and change in the amplitude of the
received signal. So, needs development of timing and frequency
synchronization scheme for an OFDM system.

Several timing synchronization schemes have been reported for
OFDM system, which are mostly based on the auto-correlation be-
tween identical repeated parts of OFDM symbol. Schmidl & Cox
[6] have proposed timing synchronization scheme based on the cor-
relation between two identical parts of a symbol. However, its per-
formance is poor due to the presence of plateau in the timing metric.
Minn [7] has proposed a synchronization scheme based on several

repeated sequences in one OFDM symbol. However, the perfor-
mance is limited due to presence of side lobe in the timing metric.
Subsequently Park [8] has proposed synchronization scheme based
on repeated complex conjugated sequence in the ODFM symbol.
The scheme reduced side lobe, but the performance is poor in a fad-
ing environment. Ren [9] has multiplied the preamble with two
identical parts by pseudo noise (PN) sequence, but this scheme has
poor performance in fast fading channel. Kang [10] has proposed a
new sequence obtained from the circular shift of the given pream-
ble. Kang’s scheme can be used for any of the OFDM system re-
gardless of their preamble structures. Sheng [11] has proposed a
new timing metric, which uses the noise subspace of channel esti-
mates to find out the starting point of the symbol and it can also be
applied to any preamble, but this method has lower performance
than Minn’s scheme at lower SNR value. In [10] only a fraction of
available products are used. The utilization of unused products can
improve the estimator performance in noise conditions. So Ziabari
[12] has proposed a scheme which is independent of the preamble
structure and it can utilize the whole product available from a given
preamble for its correlation. But [12] is a complex scheme. In [13]
Ziabari explains the scheme where the two preambles are utilized
but this scheme is applicable for WLAN. In [14] a new timing syn-
chronization scheme for OFDM based WLANS is presented where
one long OFDM symbol in the frame format of IEEE802.11 is sug-
gested for timing synchronization.

In this paper we have proposed a new timing metric with a normal-
ized factor based on the difference of absolute value, which reduces
the side lobe to a great extent and improves the performance. We
determine timing metric, mean square error of timing offset, peak
to side lobe ratio, and probability of detection of the proposed
scheme and compare the performance with the existing schemes.
The rest of the paper is organized as follows. Section 2 describes
synchronization in OFDM system. The proposed scheme is pre-
sented in Section 3 followed by its performance in Section 4. The
paper is concluded in Section 5.
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2. Timing synchronization in OFDM system

In most of the multicarrier systems, timing synchronization is the
first operation performed in receiver to detect start of the OFDM
symbol. The popular methods of timing synchronization involve an
OFDM symbol with several repeated identical sequences in time
domain [6]-[8]. At the receiver, correlation between the repeated
parts is performed and timing metric is defined. The start of the
OFDM symbol is found by searching the peak of the timing metric.
Few of the popular schemes are discussed below.

2.1. Schmidl & cox’s scheme
Timing synchronization scheme due to Schmidl and Cox is based

on a time domain OFDM symbol having two equal parts with iden-
tical sequences as shown below.

TRscp = A% Aé

Samples of length X/2 is represented by Axs.

A correlation between the identical parts of OFDM symbol is per-
formed at the receiver and subsequently a timing metric is defined,
which is given in (1).

2
MSch (0.’) — [Pscn(a)] (1)

Rscn?(a)

Where, o is the time index in a window of 2L =X samples.

Psen(a) = lﬁl_zlo(r*a+mra+m+L) 2

Where, L = X/2 and the energy received for the second half-symbol
is defined by

Rsen(a) = fn_zlolra+m+L|2 (3)

The start of the OFDM symbol is determined by searching the peak
value of the timing metric. Fig.1 represents the timing metric of the
scheme due to Schmidl & Cox. It is observed that the timing metric
exhibit a plateau and results in the uncertainty in determining the
start of the OFDM symbol and high Mean Square Error (MSE) of
timing offset.

2.2. Minn’s scheme

In order to mitigate the uncertainty due to plateau in timing metric
estimator, and high MSE of timing offset, Minn have proposed a
modified training sequence consisting of repeated sequences with
different sign. The training sequence expressed as:

TRy = B; Bé —B% —B§
Samples of length X/4 is represented by Bxa.
The timing Metric is given by
Miginn (@) = ‘pien 00 @
Where,
Puinn (@) = Yi_o 3L r*(a + 2Lk + m).r(a + 2Lk + m + L) (5)
And
Ruyinn (@) = Y=o Zinolr (@ + 2Lk + m + L)|? (6)

Due to repeated sequence with different signs, it produces sharper
timing metric and smaller timing offset Mean Square Error (MSE)
than Schmidl& Cox [6]. However, the presence of multipath fading

channel results in higher MSE of Timing synchronization of Minn’s
scheme .Because of this the performance in a multipath fading
channel is limited. Park has proposed a timing synchronization
scheme with modified OFDM symbol in time domain so as to re-
duce the side lobes.

2.3. Park’s scheme

To overcome the drawback of Minn’s timing synchronization
scheme Park have proposed a timing synchronization scheme based
on a modified OFDM symbol having repeated conjugate and sym-
metric sequences as shown below.

= Cx Dx C*x D*x
TRpark % % % %

Samples of length X/4 and Dx are represented by Cxss and symmet-
ric by with conjugate of Cx4[8].
The Timing Metric is given by:

ar ) 2

Mpqr(a) = eenl ™
Where,

L)
Ppari(a) =0 _ r(a—k).r(a +k) (8)
And

L)
Rpark(@) = izolr(a +K)|? )

The timing metric due to Park scheme has impulse-shape at the cor-
rect time of OFDM symbol. However, it has side lobes at other po-
sitions and increases the MSE of timing offset of scheme. To im-
prove the MSE of timing offset and probability of detection, we
propose a new timing metric described in the next section.

3. Proposed timing synchronization scheme

Most of the popular schemes for timing synchronization for OFDM
system are based on timing metric and this is the ratio between the
correlation between the N/2 samples of two identical parts over a
window of length X and the energy of half of the OFDM symbol.
The normalization factor which is half of symbol energy helps to
reduce fluctuation in the timing metric. It is observed that the
scheme due to Park has a lower MSE compared to Schmidl& Cox
and Minn. However, Park scheme MSE performance is affected due
to the presence of side lobes. In deep fading channels, Park method
degrades as there are side lobes which give rise to false alarm and
detection failure. So it is a new timing metric scheme based on nor-
malization factor is proposed which is the sum of the square of dif-
ference of the absolute values over X/2 samples. This normalization
factor reduces the side lobes and reduces MSE of timing offset. The
proposed normalization factor is expressed as in the equation below:

Roroposed (@) = 22_o(Ir(a — 1| — Ir(a + k)2 (10)

This normalizing factor is called Difference of Absolute value.
The structure of the pilot OFDM symbol is given by:

Cx Dx Cx D*x
4 4

TR = X X
Proposed o o

Samples of length X/4 is represented by Cx/a which is generated by
IFFT of a PN sequence and C*x/4 represents a conjugate of Cxa. Dxia
is symmetric to Cxs[8].

The timing metric is given by:

|PPruposed(a)|2

RPropnsedz(a)

MProposed (a) = (11)
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Where,

PProposed (o) = Ez;; r(a—k).r(a+k) (12)

The proposed method determines a threshold value of the timing
metric and the timing metric is compared with the threshold value.
The time index of the OFDM sample for which the timing metric is
higher than threshold value is estimated to be the start of OFDM
symbol. A suitable threshold value which results in the lowest prob-
ability of detection failure is determined using simulation and the
same value is used to determine the performance of the proposed
scheme.

4. Performance analysis of the proposed
scheme

The performance of proposed scheme is evaluated using timing
metric in an exponential decay Rayleigh distributed multipath fad-
ing channel. An OFDM system with 1024 subcarriers and 128 cy-
clic prefix with a normalized frequency offset of 0.1 is considered
for the evaluation of the performance of the proposed timing syn-
chronization scheme. Timing metric, peak to side lobe ratio, Mean
square error of timing offset and probability of detection are the
performance metrics used for the evaluation of the performance the
proposed scheme.

4.1. Timing metric

Fig. 1, Fig.2, Fig.3 and Fig.4 depict the timing metric for Schmidl&
Cox’s scheme, Minn’s scheme Park’s scheme and proposed scheme
respectively. It is observed from Fig. 1 that the Schmidl& Cox’s
scheme has a plateau for the whole interval of cyclic prefix that
leads to uncertainty in determining the start of OFDM symbol. It is
observed from Fig. 2 that the Minn’s scheme has the timing metric
value at the correct time being almost same as the timing metric
value at other sample instances around correct time. In order to im-
prove the performance of timing synchronization scheme, it is re-
quired to increase the difference between timing metric value at cor-
rect time and the value at any other time. Timing metric for the
Park’s scheme in Fig.3 observed to have several side lobe of higher
amplitude. This decrease affects the performance the Park’s
scheme. Fig.4 indicates timing metric of the proposed scheme at an
SNR of 10dB. It is observed that the timing metric of the proposed
scheme has a high value at the correct time i.e. at 1152 (1024 sub-
carrier+128 cyclic prefix) and the value of side lobe is negligible.

4.2. Peak-to-side lobe ratio vs. SNR

Presence of side lobe in the timing metric affects the timing syn-
chronization to a great extent. Peak-to-Side lobe Ratio (PSR) vs.
SNR is presented in Fig.5.1t is observed that the PSR for Schmidl&
Cox’s and Minn’s scheme attain no changes but PSR for Park’s and
Proposed scheme increases with increase in SNR value. However
the PSR of proposed scheme is observed to have higher PSR of 10.5
as compared to PSR of 3.5 for Park’s scheme at SNR of 15db.
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Fig. 1: Timing Metric of Schmidl & Cox Scheme at an SNR of 10dB.
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Fig. 5: Peak-To-Side Lobe Ratio vs. SNR in Db (A) SC Scheme, (B) Minn
Scheme, (C) Park Scheme and (D) Proposed Scheme.

4.3. Threshold detection

The starting timing of the OFDM symbol is determined to be the
sample for which the timing metric greater than the threshold value.
So, there is a need to determine the appropriate threshold value for
the evaluation of the performance. Fig 6 presents the probability of
detection failure vs. threshold of timing metric for the Minn’s
scheme and Park’s scheme. Probability of detection failure vs.
threshold value of proposed scheme at a SNR of 10dB is presented
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in Fig 7. Probability of detection failure is the combination of prob-
ability of false detection and probability of miss timing. It is ob-
served from Fig 6 that the probability detection failure for Minn’s
and Park’s schemes decrease with increase in threshold value due
to the decrease in the probability of miss timing. This trend contin-
ues till the threshold value becomes 0.39 and 0.69 for the Minn’s
and Park’s scheme respectively. Further increase in threshold value
beyond 0.39 and 0.69 for Minn’s and Park’s scheme, the probability
of detection failure increases due to increase in the false detection.
Similar trend for the probability of detection failure is also observed
in the Fig 7 for the proposed scheme. The threshold value for min-
imum probability of detection failure is observed to be 4.5 for the
proposed scheme.
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Fig. 6: Probability of Detection Failure vs. Threshold Values for the Minn’s
and Park’s Scheme at SNR of 10db.
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Fig. 7: Probability of Detection Failure vs. Threshold Values for the Pro-
posed Scheme at SNR of 10db.

4.4. Mean of the timing offset

Mean of the timing offset vs. SNR is depicted in Fig.8. It is noticed
from the plot that the mean of the timing offset decreases with in-
crease in SNR for all schemes and approaches zero. However, the
mean timing offset for the proposed scheme approaches zero at a
lower SNR than Minn’s and Park’s scheme. Mean timing offset of
the proposed scheme approaches zero at an SNR of 4dB compared
to Park’s scheme where MSE approaches zero at SNR of 12dB.
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Fig. 8: Mean of Timing Metric Offset vs. SNR in Db.

(@) SC Scheme, (b) Minn Scheme, (c) Park Scheme and (d) Pro-
posed Scheme.

4.5. MSE of the timing offset

Fig.9 presents Mean Square Error (MSE) of timing offset vs. SNR
for the proposed scheme, Schmidl & Cox’s scheme, Minn’s scheme
and Park’s scheme. It is observed that the MSE for Schmidl &Cox’s
scheme does not change with SNR. However, the MSE of timing
offset for Minn’s scheme, Park’s scheme and proposed scheme de-
ceases with SNR. MSE of the proposed scheme is higher than the
Park’s scheme by a factor of 10 at SNR of 10dB.
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Fig. 9: MSE of Timing Offset vs. SNR in Db SC Scheme, (B) Minn Scheme,
(C) Park Scheme and (D) Proposed Scheme.

4.6. Probability of detection

Probability of Detection (Pp) of the timing synchronization scheme
vs. SNR is shown in Fig.10. It is observed that the Pp for the
Schmidl& Cox’s scheme remains almost unchanged with SNR.
However, Pp for Minn’s scheme, Park’s scheme and the proposed
increases with increase in SNR.Pp increases and saturates at higher
SNR. It is observed that the Pp of the proposed scheme found to be
the higher than Park’s scheme by 0.08 at 10dB SNR.
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Fig. 10: Probability of Detection vs. SNR in Db (A) SC Scheme, (B) Minn
Scheme, (C) Park Scheme and (D) Proposed Scheme.

5. Conclusion

In this paper, we proposed a new timing metric based on normalized
factor consisting of differential absolute value for timing synchro-
nization in OFDM system. The use differential absolute value re-
duced the side lobes in the Timing Metric to a greater extent. The
proposed timing metric results in the lower MSE of timing offset
and higher Peak-to-Side lobe Ratio and Probability of Detection
compared to Schmidl& Cox’s, Minn’s, and Park’s scheme. This
scheme can also be applied to MIMO OFDM system.
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