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Abstract

In this paper, we develop a symbol/frame time and carrier frequency synchronization scheme for multi-carrier sig-
naling in wireless mobile channels. The proposed scheme achieves simultaneous time synchronization and carrier fre-
quency offset estimation. Simulation results show that the frequency offset of multiple sub-carrier spacings can be esti-
mated and that performance is improved with robustness regardless of the cyclic prefix length.
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I . Introduction

Time/frequency synchronization is a key factor for the
performance of multi-carrier systems. Landstrom uses a
cyclic prefix synchronization method that is effective be-
cause there is no redundancy in transmissions [1]. How-
ever, the estimation range of the carrier frequency offset
is less than half of the sub-carrier spacing. Schmidl pro-
posed a pilot symbol pattern which can also be used as
a preamble for synchronizations [2]. Nevertheless, the
time synchronization error is great because of the pla-
teau of the timing metric during the cyclic prefix du-
ration. Minn proposed a pilot symbol technique, which
is a modified version of Schmidl’s method, where a car-
rier frequency offset over two sub-carrier spacings can-
not be estimated [3].

The design of a pilot symbol similar to Minn’s meth-
od is used in wireless LAN systems such as IEEE 802.11-
a [4]. In conventional schemes, multi-path fading or cy-
clic prefix length causes severe time synchronization er-
rors and the frequency offset of multiple sub-carrier
spacings cannot be estimated. Therefore, we propose a
novel algorithm that is robust against multi-path fading
and can estimate the carrier frequency offset of multiple
sub-carrier spacings. The proposed preamble has a repe-
titive structure of two different pilot patterns with differ-

ent lengths. Based on our proposed scheme, both time
and frequency synchronizations are acquired simultane-
ously in a multi-carrier symbol duration.

II. System Model

A baseband signal for multi-carrier systems is gene-
rated by inverse fast Fourier transform (IFFT) of com-
plex data symbols. They are parallel-to-serial converted
and then up-converted to radio frequency (RF) signal.
The baseband transmit signal is given by

N-1
v(n) = ZCm exp(j 27tmnj
m=0

N

(1)

where C, is a complex valued symbol on the m-th
sub-carrier, N is the number of the IFFT points. The
received signal is affected by the carrier frequency off-
set, Joza, between the transmitter and the receiver
oscillator. The timing offset, D, in additive white Gau-
ssian noise (AWGN) can be expressed as

r(n):s(n—D)exp(j~27r~5f~n)+w(n) (2)

where 6/ is the phase change for a sample time dura-
tion, and w(n) is AWGN. The received signal is down-
converted to a baseband signal and then demodulated.
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IIl. Synchronization Method
We propose the preamble structure as

f’pmp = |:Apmp Apmp B prop B pmp:| ( 3)

where 4 and B represent the N, and N, length sam-
ples, respectively. The lengths of 4 and B are differ-
ent, and the preamble size is N, where 2N, +2N, =N |

The symbol time recovery is performed using the fol-
lowing timing metric:

(R(n)) (4)

P(n)=abs(NX]r*(n+k)r(n+k+Na)]+

k=0

k=0

N, -1
abs( ¥ (n+k+2N,)r(n+k+N, +2N0)J
(5)
N, -1 N, -1

2
‘r(n+k+Na) + > |r(n+k+N,+2N,)
i i (6)

2

R(n)z

The start of symbol time is found using a maximum
of the timing metric. The carrier frequency offset is also
estimated by using a short preamble pattern. The estima-
tion range of the carrier frequency offset can be ex-
panded by changing the length of short preamble pat-
tern, where the length of A is assumed to be larger than
B. The receiver correlation of the short preamble pattern
at the correct symbol time is given by

N,—1

(D)= r (D+k+2N,)r(D+k+N,+2N,) o
k=0 7

7,
The carrier frequency offset is estimated by using the
phase of P (D).

(8)
We can estimate the carrier frequency offset smaller

1N
than N,
when the carrier frequency offset is multiple sub-carrier
spacings. Schmidl proposed a preamble structure that re-

peats a N /2 length pilot pattern [2]. Minn and IEEE-
802.11a use a preamble structure that repeats a N /4

Af'. The proposed algorithm works well even

length pilot pattern [3], [4]. In [2], the timing metric has
a plateau because the cyclic prefix is a copy of a multi-
carrier symbol, which leads to incorrect time synchro-
nization. It can only estimate the carrier frequency offset
smaller than one sub-carrier spacing. In [3] and [4], the
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timing metric has a plateau or two peaks, according to
the cyclic prefix length. This also causes a time synch-
ronization error, where only a carrier frequency offset that
is smaller than two sub-carrier spacings can be esti-
mated.

IV. Conclusion

The performance of the proposed method is evaluated
by computer simulations. Performance comparison of the
time synchronization and carrier frequency offset syn-
chronization are investigated for four cases: 1) Schmidl's
method; 2) Minn's method; 3) IEEE802.11a; and 4) the
proposed method.

The simulation environments are as follows: the band-
width is 20 MHz, the number of sub-carriers is 1024,
and the number of cyclic prefix is 128 or 256. We as-

sume that N, is greater than N, . Here, N, and N, are

384 and 128, respectively. Fig. 1 and Fig. 2 show the
timing metric when the cyclic prefix length is 128 and
256, respectively. In both figures, the proposed scheme
is observed to have one peak at the accurate symbol
time, independent of the ratio of the cyclic prefix length
to the multi-carrier symbol length. However, the other
methods show plateaus or additional peaks, which de-
pend on the cyclic prefix length.

Fig. 3 and Fig. 4 show the mean of the carrier fre-
quency offset estimation results when the offset is one
sub-carrier spacing and three sub-carrier spacings, re-
spectively. We consider the outdoor to indoor and pe-
destrian channel B that is recommended by the Interna-
tional Telecommunication Union (ITU). The proposed
method finds the carrier frequency offset, exactly even
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Fig. 1. Timing metric (N =1024, N, =128).
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Fig. 2. Timing metric (N =1024, N, =256).
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Fig. 3. Mean of carrier frequency offset estimation (carri-
er frequency offset is one sub-carrier spacing).

with low SNRs and severe multi-path environments, whi-
le other methods cannot estimate the carrier frequency
offset because their carrier frequency offset estimation
range is less than two sub-carrier spacings.

The proposed method finds the correct symbol time
regardless of the cyclic prefix length, and estimates car-
rier frequency offsets of multiple sub-carrier spacings.

V. Discussion

We described a synchronization method and compared
the performance of different algorithms. We proposed a
novel preamble structure and receiver algorithm for time
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Fig. 4. Mean of carrier frequency offset estimation (carri-
er frequency offset is three sub-carrier spacings).

synchronization and carrier frequency offset estimation
that is suitable for future wireless communication sys-
tems. The synchronization in a multi-carrier symbol du-
ration was performed using the proposed preamble st-
ructure. The estimation range of the carrier frequency
offset is expanded by changing the pilot pattern length
and the performance of time synchronization; this be-
comes reliable regardless of cyclic prefix length. The
proposed algorithm is shown to be robust against severe
multi-path environments.
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