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Title of the Invention
Device and method for synchronizing a receiver and computer program

The present invention relates generally to a method and a device for
synchronizing a receiver on received preamble symbol modulated by an orthogonal
frequency division multiplexing scheme.

Digital modulations may suffer from severe degradations when transmitted over
time dispersive propagation channels. The signal at the receiver is then built as the
superposition of several delayed and scattered replica of the transmitted signal. If the
channel delay spread exceeds the symbol period T of the transmitted signal, means to
compensate for the inter-symbol interference (ISI) due to multipath propagation have
to be implemented at the receiver. It is common nowadays to rely on the orthogonal
frequency division multiplexing (OFDM) modulation that makes it possible to
compensate for multipath cffects with a reasonable complexity.

If the OFDM symbol duration T significantly exceeds the channel delay spread,
the effect of the channel reduces to a simple fading that can be compensated for with a
scalar complex coefficient. What makes the OFDM modulation so popular is that is
combines a good robustness to channel degradation with a good spectral efficiency
thanks to the use of orthogonal subcarriers, i.e. with a subcarrier spacing equal to the
inverse of the symbol rate (1/7). When the channel is also varying in time, the
Doppler spread prevents from making the subcarrier spacing arbitrarily small, thus

making the symbol period significantly longer than the channel delay spread. To
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overcome this limitation, it is common to add in front of the useful part of the OFDM
symbol with duration T a guard interval which is meant to hide the ISI from the
receiver. In such a case, the subcarrier spacing is kept to 1/7 but the overall or total
symbol duration is now T; = T+7Tgr, where Ty is the duration of the guard interval,
thus leading to a loss in spectral efficiency. The transmitted signal can be expressed as

follows:
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where N is the number of subcarriers, M the number of OFDM symbols in the
block, x{" the modulation symbol carried by the subcarrier with index n over the

symbol period with index £ and where II(¢) is the rectangular window defined as:

[l - {1 if [0, 9]

( otherwise

If the OFDM modulation is both robust to channel degradations and
implementation friendly thanks to OFDM modulation and demodulation by Fast
Fourier Transform (FFT), it is also very sensitive to time and frequency
synchronization errors. At first, it is critical to synchronize the sampling clock
frequency so as to capture N samples per symbol period T and thus observe orthogonal
subcarriers spaced 1/T Hz apart. Otherwise, the system suffers from ISI and Inter-
Carrier Interference (ICI). Much in the same way, the receiver shall acquire the carrier
frequency to avoid ICI and guarantee the subcarrier orthogonality. In the time domain,
the receiver is also due to localize over each symbol overall period 7 the position of
the useful part with duration T where there is no ISL, i.e. the optimal position of the
Fast Fourier Transform (FFT) window. The receiver can actually computes the FFT
on any window with duration 7 starting within the Guard Interval as long as there is
no more ISL The time interval between the optimal position, i.e. the useful part of the
symbol, and the actual position of the FFT window is named hereinafter the time
offset. The time offset introduces an exponential modulation term in the demodulated
subcarriers (linear ramp in the phase domain).

The same applies in the frequency domain where the receiver is often able to
estimate the carrier frequency offset modulo 1/7 named hereinafter the fractional
frequency offset, ¢.g. using the traditional sliding autocorrelation method with delay 7.
It is thus required fo further detect the actual position of the modulated subcarriers

within the OFDM multiplex named hereinafter the integer carrier frequency offset that
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often contains null subcarriers on the band edges. The position of the modulated
subcarriers over the FFT multiplex is defined according to an array containing the
indices of the non-zero subcarriers and named hercinafter the Carrier Distribution
Sequence (CDS).

The present invention aims at providing a method and a device which enable
synchronizing on received preamble symbol modulated by an orthogonal frequency
division multiplexing scheme which is robust to noise and Doppler effect and which
consumes few hardware and/or software resource.

To that end, the present invention concerns a device for synchronizing a receiver
on received preamble symbol modulated by an orthogonal frequency division
multiplexing scheme, characterized in that the device comprises:

- means for executing a coarse synchronization which provides an estimate of a
first time offset and fractional frequency offset,

- means for removing the fractional frequency offset from the preamble symbol,

- means for performing on the symbol period localized by the first estimate of
the time offset, an orthogonal frequency division multiplexing demodulation on the
preamble symbol on which the fractional frequency offset is removed,

- means for removing from the subcarriers of the demodulated preamble symbol
the effect of a phase shift keying modulation,

- means for performing an inverse discrete Fourier transform on the
demodulated preamble symbol on which effect of a modulation wherein at least the
phase on subcarriers on which preamble symbol is mapped is modified according to
the binary information value of the preamble sequence carried by the subcarrier,

- means for determining a second time offset from the output of the inverse
discrete Fourler transform,

- means for compensating the effect of the time offset for next received
orthogonal division multiplexing symbol using the second time offset.

The present invention also concerns a method for synchronizing a receiver on
received preamble symbol modulated by an orthogonal frequency division
multiplexing scheme, characterized in that the method comprises the steps of:

- executing a coarse synchronization which provides an estimate of a first time
offset and fractional frequency offset,

- removing the fractional frequency offset from the preamble symbol,
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- performing, using the first estimate of the time offset, an orthogonal frequency
division multiplexing demodulation on the preamble symbol on which the fractional
frequency offset is removed,

- removing from the subcarriers of the demodulated preamble symbol the effect
of a phase shift keying modulation,

- performing an inverse discrete Fourier transform on the demodulated preamble
symbol on which effect of a modulation wherein at least the phase on subcarriers on
which preamble symbol is mapped is modified according to the binary information
value of the preamble sequence carried by the subcarrier,

- determining a seccond time offset from the output of the inverse discrete
Fourier transform,

- compensating the effect of the time offset for next received orthogonal
division multiplexing symbol using the second time offset.

Thus, the present invention enables refining the time synchronisation of the
receiver leading to the improvement of the overall demodulation performance with a
low complexity.

According to a particular feature, the effect of the time offset is compensated in
the time domain by time shifting the input of the orthogonal frequency division
multiplexing demodulation for next received orthogonal division multiplexing symbol
using the second time offset or by multiplying the output of the orthogonal frequency
division multiplexing demodulation with the conjugate of a complex exponential term
due to the second time offset in the frequency domain. '

According to a particular feature, the device further comprises:

- means for multiplying an inverse discrete Fourier transform of an array
containing binary values equal to one at the indices of the non-zero subcarriers on
which the preamble symbol is mapped by the time shifted output of the inverse
discrete Fourier transform,

- means for performing a discrete Fourier transform on the output of the
multiplying means,

- means for determining an integer carrier frequency offset from the output of
the inverse discrete Fourier transform,

- means for compensating the effect of the carrier frequency offset for next
received orthogonal division multiplexing symbol vsing the determined integer carrier

frequency offset.



(31) JP 2013-251902 A 2013.12.12

Thus, the present invention allows an estimation of the integer frequency offset
that can be used to drive an automatic frequency control algorithm and/or enables to
identify accurately the positions of the subcarriers carrying information bits leading to
an improved demodulation.

As only a second discrete Fourier transform needs to be computed, the
demodulation may be implemented with low complexity. This feature makes the
present invention particularly suitable for the single carrier — frequency division
multiplexing access (SC-FDMA) technique also known as the DFT-spread orthogonal
frequency multiplexing (DFT-spread OFDM) modulation or also the single carrier —
orthogonal frequency division multiplexing (SC-OFDM) modulation that implies a
DFT precoding in addition to an inverse discrete Fourier transform modulation IDFT.

According to a particular feature, the device further comprises:

- means for modifying the output of the orthogonal frequency division
multiplexing demodulation by correcting the effect of the second time offset and the
integer carrier frequency offset,

- means for demodulating the output of the modified orthogonal frequency
division multiplexing demodulation.

Thus, the proposed invention appears as a relevant solution for the situations
where the preamble symbol itself carries information that needs to be demodulated
where no a priori information on the channel is available to perform the demodulation
by equalization on the preamble symbol.

According to a particular feature, the preamble symbol is compatible with
3GPP/LTE standard, or compatible with IEEE802.11 or IEEE802.16 standard.

Thus, the present invention can be applied to improve the synchronisation and
overall demodulation performance of many different systems making it versatile and a
good candidate for hardware implementation in ASIC.

According to a particular feature, the preamble symbol is compatible with
Digital Video Broadcasting - Terrestrial standard or Digital Video Broadcasting-
Second Generation Terrestrial standard or Integrated Services Digital Broadcasting-
Terrestrial standard.

Thus, the present invention provides a means to acquire with improved
performance and low complexity the signalling bits carried out in the preamble
symbols that are critical to parameterize the receiver so as to demodulate the

following orthogonal frequency division multiplexing symbols.
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According to a particular feature, the modulation wherein at least the phase on
subcarriers on which preamble symbol is mapped is modified according to the binary
information value of the preamble sequence carried by the subcarrier is a Binary
Phase Shift keying (BPSK) modulation or a Quadrature Amplitude Modulation
{(QAM) including the Quaternary Phase Shift keying (QPSK) modulation.

Thus, the proposed solution does not restrict to preambles modulated according
to the BPSK modulation but can also be applied to preambles modulated with a
quadrature modulation, typically the QPSK but also QAM schemes even if they are
not robust enough to carry signalling,

According to a particular feature, the device further:

- memorizes plural determined integer frequency carrier offsets, time offsets and
fractional frequency carriers on consecutive preamble symbols.

- filters at least a part of the memorized integer frequency carrier offsets, second
time offsets and fractional frequency carrier offsets in order to obtain a corrected
integer frequency carrier offset, a corrected time offset and a corrected fractional
frequency carrier offset based stored measurements.

Thus, the performance of the present invention can be further improved by
removing noise degradation through filtering.

According to still another aspect, the present invention concerns computer
programs which can be directly loadable into a programmable device, comprising
instructions or portions of code for implementing the steps of the methods according
to the invention, when said computer programs are executed on a programmable
device.

Since the features and advantages relating to the computer programs are the
same as those set out above related to the methods and apparatuses according to the
invention, they will not be repeated here.

The characteristics of the invention will emerge more clearly from a reading of
the following description of an example of embodiment, the said description being
produced with reference to the accompanying drawings, among which:

Fig. 1 represents a telecommunication network in which the present invention is
implemented;

Fig. 2 is a diagram representing the architecture of a receiver;
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Fig. 3a discloses a block diagram of components of a wireless interface of the
receiver for synchronizing a OFDM preamble symbols according to the present
invention;

Fig. 3b discloses a block diagram of components of a wireless interface of the
receiver for synchronizing the OFDM preamble symbols according to a particular
mode of realization of the present invention;

Fig. 4 discloses an example of an algorithm executed by the receiver for
synchronizing on OFDM preamble symbols;

Fig. 5 discloses a block diagram of components of a wireless interface of the
receiver for synchronizing and demodulating OFDM preamble symbols which carry
data that need to be demodulated;

Fig. 6 discloses an example of an algorithm executed by the receiver for
synchronizing and demodulating preamble symbols which carry data that need to be
demodulated.

Fig. 1 represents a telecommunication network in which the present invention is
implemented.

The present invention is applicable in any telecommunication network wherein
OFDM modulation scheme is used.

The telecommunication network is for example a telecommunication network in
which at least one source Srct transfers or broadcasts signals within an area in which
at least one receiver Rec is located.

The source Srct is for example a terrestrial station or a satellite which broadcast
signals complying with DVB (Digital Video Broadcast) standards.

The telecommunication network is for example a cellular telecommunication
network complying with the 3GPP/LTE standards, in which a base station transfers
signals to a mobile terminal or broadcasts signals to at least two mobile terminals.

The receiver Rec may be a mobile terminal to which data like video signals are
broadcasted or a mobile terminal which is in communication with a remote
telecommunication device like a mobile phone or with a server or a base station or a
home base station which receives signals from the mobile terminal.

Only one source Srct is shown in the Fig. 1 for the sake of simplicity, but the
network may comprise a more imnportant number of sources Srct.
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Only one receiver Rec is shown in the Fig. 1 for the sake of simplicity, but
signals may be transferred or broadcasted to a more important number of receivers
Rec.

The signals received by the receiver Rec are OFDM symbols for example
compatible with Third Generation Partnership Long Term Evolution (3GPP/LTE)
standard, or compatible with IEEE802.11 or IEEE802.16 standard or compatible with
digital broadcasting standards like Digital Video Broadcasting- Terrestrial (DVB-T),
Digital Video Broadcasting- Second Generation Terrestrial (DVB-T2), or Integrated
Services Digital Broadcasting- Terrestrial (ISDB-T).

According to the invention, the receiver Rec comprises:

- a device for synchronizing a receiver on received preamble symbol modulated
by an orthogonal frequency division multiplexing scheme, wherein the device for
synchronizing the receiver comprises:

- means for executing a coarse synchronization which provides an estimate of a
first time offset and fractional frequency offset,

- means for removing the fractional frequency offset from the preamble symbol,

- means for performing, using the first estimate of the time offset, an orthogonal
frequency division multiplexing demodulation on the preamble symbol on which the
fractional frequency offset is removed,

- means for removing from the subcarriers of the demodulated preamble symbol
effect of a phase shift keying modulation,

- means for performing an inverse discretc Fourier transform on the
demodulated preamble symbol on which effect of a modulation wherein at least the
phase on subcarriers on which preamble symbol is mapped is modified according to
the binary information value of the preamble sequence carried by the subcarrier,

- means for determining a second time offset from the output of the inverse
discrete Fourier transform,

- means for compensating the effect of the time offset for next received
orthogonal division multiplexing symbol using the second time offset.

According to a particular feature, the device for synchronizing the receiver on
received preamble symbol further comprises:

- means for multiplying an inverse discrete Fourier transform of an array

containing binary values equal to one at the indices of the non-zero subcarriers on
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which the preamble symbol is mapped by the time-shifted output of the inverse
discrete Fourier transform,

- means for performing a discrete Fourier transform on the output of the
multiplying means,

- means for determining an integer carrier frequency offset from the output of
the inverse discrete Fourier transform.

- means for compensating the effect of the carrier frequency offset for next
received orthogonal division multiplexing symbol using the determined integer carrier
frequency offset. It has to be noted here that the present invention will be disclosed in
examples wherein OFDM symbols have at least one guard interval. The present
invention is also applicable on OFDM symbols having no guard interval.

Fig. 2 is a diagram representing the architecture of a receiver in which the
present invention is implemented.

The receiver Rec has, for example, an architecture based on components
connected together by a bus 201 and a processor 200 controlled by the program as
disclosed in Fig. 4 or 6.

It has to be noted here that the receiver Rec may have an architecture based on
dedicated integrated circuits.

The bus 201 links the processor 200 to a read only memory ROM 202, a random
access memory RAM 203 and a wireless interface 205.

The memory 203 contains registers intended to receive variables and the
instructions of the program related to the algorithm as disclosed in Fig. 4 or 6.

The processor 200 controls the operation of the wireless interface 205.

The read only memory 202 contains instructions of the program related to the
algorithm as disclosed in Fig. 4 or 6, which are transferred, when the receiver Rec is
activated, to the random access memory 203.

The wireless interface 205 comprises means for receiving radio signals
transferred or broadcasted by the source Srct.

The wireless interface 205 is connected to at least one antenna Ant used for
receiving radio signals transferred or broadcasted by the source Srct.

The wireless interface 205 comprises components as disclosed in Fig. 3a or 3b

or 5.
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Fig. 3a discloses a block diagram of components of the wireless interface of the
receiver for synchronizing OFDM preamble symbols according to the present
invention.

It is assumed here that the OFDM preamble symbol does not carry signalling
data that are required to demodulate the following symbols and then do not need to be
demodulated in that particular purpose. The wireless interface 205 may be
implemented within a Digital Signal Processor (DSP), a Field-Programmable Gate
Array (FPGA), an Application-Specific Integrated circuit (ASIC). The wireless
interface 205 of the receiver Rec comprises a coarse synchronization module 300
which performs a coarse synchronization in the time and frequency domains. The
coarse synchronization module 300 provides an estimate of a time offset, named first
time offset and a fractional frequency offset.

Synchronization is generally achieved using dedicated OFDM symbols called
reference or pilot symbols known at the receiver Rec. These symbols are sometimes
called preamble symbols as they are generally transmitted at the beginning of the
physical entity that carries the information on the radio channel. The physical entity is
sometime named a frame, or a sub-frame, or a slot. The preamble is often built as the
repetition of at least one reference symbol that uniquely identifies the transmitted
signal and allows for a fast and robust localization of the preamble by means of
autocorrelation(s). For example, the preamble is built as the repetition of twice the
same pattern with duration Ta=7/2.

The coarse synchronization module 300 performs a sliding autocorrelation.
When the autocorrelation window falls on the preamble, then the autocorrelation
produces a peak that can be detected above the noise generated elsewhere.

It has to be noted here that the autocorrelation may be performed on the
preamble symbols or on any repetition involving at least a part of a guard interval like
for example a cyclic prefix and the following useful part of the preamble symbol.

A useful part of a symbol is the part on which the FFT window should ideally be
applied. The useful part of the symbol carries all relevant information of the symbol.

The autocorrelation function enables a coarse time synchronization which
provides a first time offset and further provides an estimate of the fractional part of the
frequency carrier offset with respect to the autocorrelation delay.

For example, let’s assume the transmission of a preamble built in two equal

parts as described above. The received signal is given by:
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x(t) = X(r)e’ "
where x(¢) is the transmitted signal, Af the carrier frequency offset and ¢, a

phase offset. When positioned onto the preamble, the autocorrelation given to the
pattern duration T4 is given by:

I' (t) = J;TA x()x (t =T, )t

2T A 2
e “’J; Ip(t)'dr

The frequency offset is estimated by looking at the argument of the

=Ty

autocorrelation peak that indicates the position of the preamble in the received signal.

The carrier frequency offset with respect to the preamble duration can be

expressed as an integer and fractional parts:
A =m-t st wherem €7 and e €[-0.5,40,5]
A TA
Then, we have:
o2 ITA _ pRinlmse) | 2w

It has to be noted here that the antocorrelation enables the estimation of the
fractional frequency offset but not the integer offset that must be estimated differently.

The wireless interface 205 of the receiver Rec comprises a fractional frequency
offset removal 301 which removes from the received preamble symbol the fractional
frequency offset determined by the coarse synchronization module 300.

The wireless interface 205 of the receiver Rec comprises an OFDM
demodulation module 302 which performs an OFDM demodulation of the preamble
symbol on which fractional frequency offset is removed. The OFDM demodulation is
performed by means of a Discrete Fourier Transform (DFT) usually implemented
using a FFT algorithm. The demodulated preamble symbol is affected by an
exponential modulation resulting from the improper time synchronization. To simplify
the derivations, no channel degradations are assumed. After DFT, if no channcl
degradations occur, the demodulated preamble symbol can be expressed as:

LT
-2 jan—

y,=a,e Tn=0,.,N-1
where a, is the symbol carried out by the subcarrier with rank #, either taken
from a Binary Phase Shift keying (BPSK) alphabet or equal to zero for the non

modulated subcarriers. For example, BPSK symbols defined as:
a, = x1xe’®

where « is an arbitrary a phase offset.
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The wireless interface 205 of the receiver Rec comprises a modulation removal
module 303 which cancels out the BPSK modulation by multiplying the demodulated
symbol by itself:

Z, =Y, %Yy, = v, n=0,..,N-1

Thus we have:

+2jm1Ti _2j,~r,i.§w
z, = 4. Xa.e
s »~2jmxii
= *Ixzxlxe’ xe
2 *21'”112% y -2 ;:1:%2,}3
= g = xXE = e"’a Xe 5

where T:=T/N is the sampling frequency. As shown by the above formula, the
BPSK modulation has been withdrawn and it remains a complex exponential with
frequency 27/T .

It can be noted here that the present invention is also applicable to Quadrature
Phase Shift Keying (QPSK) or Quadrature Amplitude Modulation (QAM) alphabets
by rising the demodulated subcarriers at the power of four in order to remove the
modulation.

The wireless interface 205 of the receiver Rec comprises an Inverse Discrete
Fourier Transform (IDFT) module 304 which takes the N-IDFT of the complex
exponential.

It has to be noted here that in order to facilitate the peak detection, a P-IDFT
with P>N and zero padding may be used instead of the N-IDFT, in order to improve
the resolution of the IDFT.

The wireless interface 205 of the receiver Rec comprises peak detection module
305 which estimates the time offset 7 on the output of the IDFT module which
corresponds to the first significant peak for time dispersive channels or to the highest
peak.

It can be noticed that the exponential modulation is weighted by an unknown
phase offset that does not affect the detection of the time offset t. More generally, the
observation would also be affected by another unknown phase offset resulting from
the mismatch between the source Srct and receiver Rec local oscillators.

If a P-IDFT is performed, the algorithm is applied here to all subcarriers,
whatever they are modulated or not. As long as enough subcarriers are modulated, the
Fourier transform is able to retrieve the delay from a sinusoid with “holes”, i.e. with

sub-carriers equal to zero.
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For example, the first significant peak or the highest peak of the N-IDFT is used
to estimate of the integer delay & where:

T = kT + (T ,wherek ©Z and § E{WO.S, +0, 5[

The wireless interface 205 of the receiver Rec comprises a circular shift module
306 which performs the circular shift on the output of the IDFT module 304 which
corresponds to the integer delay k in order to remove the time offset  on the preamble.

It has to be noted here that at this stage, both the time offset v and the fractional
carrier offset are estimated and removed.

The modulation term due to the time offset T being removed from the above
mentioned sequence z,, the resulting sequence is a signal equal to one at the position
of the demodulated subcarriers and nuil elsewhere, with a common phase component
and additive noise affecting all the subcarriers positions. Ignoring the phase and noise
components, this signal is equivalent to a *mask” describing the position of the
modulated subcarriers shifted by the integer carrier offset. This signal is described
here as the CDS mask of the preamble symbol.

The wireless interface 205 of the receiver Rec comprises a IDFT multiplication
module 307 which multiplies the output of the circular shift module by the IDFT of
the CDS mask provided by an IDFT CDS mask module 310.

The CDS mask is an array containing binary values equal to one at the indices of
the non-zero subcarriers and null values at the indices of the zero subcarriers.

The wireless interface 205 of the receiver Rec comprises a DFT calculation
module 308. IDFT multiplication module 307 and DFT calculation module 308

perform a cross-correlation that can be expressed as follows:
N-1
DFT (IDFT(x)x IDFT(y")) = an {vy)

=0

2t
where: (}’N ),; = 2 Yopw
P

The cross-correlation is achieved in the frequency domain where the first term
x, is the sequence z, from which the phase ramp due to the time offset has been
removed by the circular shift module 306, and the second term y, is the CDS mask.
The IDFT of the CDS mask may be advantageously pre-computed and stored in
memory 203. The present invention takes advantageously profit that the IDFT has
already been performed by the IDFT module 304. Then, it is not needed to compute
the IDFT onto the circular shifted sequence z,.
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This IDFT can be obtained by simply applying, by the circular shift module 306,
a delay shift onto the output of the IDFT module 304 that served to estimate the time
offset T. This leads to a computationally efficient algorithm where only the last DFT
performed by the DFT module 308 needs to be computed.

The wireless interface 205 of the receiver Rec comprises a peak detection
module 309 that retrieves the integer frequency carrier offset by an algorithm
detecting the highest peak.

It can be noted here that the DFT and peak detection operations required for
both the estimation of the delay and the integer carrier frequency offset can be
performed using the same hardware and/or software means.

Fig. 3b discloses a block diagram of components of a wireless interface of the
receiver for synchronizing OFDM preamble symbols according to a particular mode
of realization of the present invention.

It is assumed here that the OFDM preamble symbol does not carry signalling
data that are required to demodulate the following symbols and then do not need to be
demodulated in that particular purpose.

The wireless interface 205 may be implemented within a Digital Signal
Processor, a Field-Programmable Gate Array, an Application-Specific Integrated
circuit.

The wireless interface 205 of the receiver Rec comprises a coarse
synchronization module 350 which is identical to the coarse synchronization module
300 of Fig. 3a.

The wireless interface 205 of the receiver Rec comprises a fractional frequency
offset removal 351 which removes from the received preamble symbol the fractional
frequency offset determined by the coarse synchronization module 350.

The wireless interface 205 of the receiver Rec comprises an OFDM
demodulation module 352 which performs an OFDM demodulation of the preamble
symbol on which fractional frequency offset is removed in a similar way as performed
by the OFDM demodulation module 302.

The wireless interface 205 of the receiver Rec comprises a modulation removal
module 353 which cancels out the BPSK or QPSK or QAM modulation in a similar
way as the one performed by the modulation removal module 303.

The wireless interface 205 of the receiver Rec comprises an Inverse Discrete
Fourier Transform (IDFT) module 354 which takes the N-IDFT of the complex
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exponential in as similar way as the one performed by the Inverse Discrete Fourier
Transform module 304.

It has to be noted here that in order to facilitate the peak detection, a P-IDFT
with P>N and zero padding may be used instead of the N-IDFT, in order to improve
the resolution of the IDFT.

The wireless interface 205 of the receiver Rec comprises peak detections
module 305 which estimates at least a first and a second time offsets 7; and 7> (17 < 12)
on the output of the IDFT module 354 which correspond to the at least two first most
significant peaks.

The wireless interface 205 of the receiver Rec comprises a circular shift module
356 which performs the circular shift on the output of the IDFT module 354 which
corresponds to the integer delay k; in order to remove the time offset 7, on the
preamble symbol.

The wireless interface 205 of the receiver Rec comprises a circular shift module
357 which performs the circular shift on the output of the IDFT module 354 which
corresponds to the integer delay k; in order to remove the time offset 1, on the
preamble symbol.

The wireless interface 205 of the receiver Rec comprises a multiplier 358 which
multiplies the output of the circular shift module 356 by the conjugate of the complex
amplitude of the peak corresponding to the time offset ;.

‘The wireless interface 205 of the receiver Rec comprises a multiplier 359 which
multiplies the output of the circular shift module 355 by the conjugate of the complex
amplitude of the peak corresponding to the time offset n.

The wireless interface 205 of the receiver Rec comprises a summation module
360 which sums the outputs of the multipliers 358 and 359.

The wireless interface 205 of the receiver Rec comprises an IDFT
multiplication module 361 which multiplies the output of the summation module 360
by the IDFT of the CDS mask provided by an IDFT CDS mask module 362.

The CDS mask is an array containing binary values equal to one at the indices of
the non-zero subcarriers and null values at the indices of the zero subcarriers.

The wireless interface 205 of the receiver Rec comprises a DFT calculation
module 363. IDFT multiplication module 361 and DFT calculation module 363

perform a cross-correlation that can be expressed as follows:
N-i

DFT (IDFT(x)x IDFT(y")) = Zx,, {yw)

=t

w4l
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where: (yN ),, = z Yoo pw
P

The IDFT of the CDS mask may be advantageously pre-computed and stored in
memory 203. The present invention takes advantageously profit that the IDFT has
already been performed by the IDFT module 354. Then, it is not needed to compute
the IDFT onto the circular shifted sequence z,.

The wireless interface 205 of the receiver Rec comprises a peak detection
module 364 that retrieves the integer frequency carrier offset by a peak detection
algorithm.

It can be noted here that the DFT and peak detection operations required for
both the estimation of the delay and the integer carrier frequency offset can be
performed using the same hardware and/or software means.

Fig. 4 discloses an example of an algorithm executed by the receiver for
synchronizing on the OFDM preamble symbols.

It is assumed here that the OFDM preamble symbol does not carry signalling
data that are required to demodulate the following symbels and then do not need to be
demodulated in that particular purpose.

The present algorithm is executed each time a preamble symbol is received.

The present algorithm may be executed by the processor 200 of the receiver Rec
of a DSP not shown in Fig. 2.

At step 5400, the processor 200 commands the wireless interface 205 in order to
perform a coarse synchronization which performs a coarse synchronization in the time
and frequency domains. The coarse synchronization provides an estimate of a first
time offset and a fractional frequency offset.

The synchronization is performed in a same way as the one performed by the
coarse synchronization module 300.

At next step S401, the processor 200 commands the wireless interface 205 in
order to remove, from the received preamble, the fractional frequency offset
determined by the coarse synchronization step S400.

At next step 5402, the processor 200 commands the wireless interface 205 in
order to perform an OFDM demodulation of the preamble which position in the time
domain is localized by the first time offset on which fractional frequency offset is
removed. The OFDM demodulation is performed by means of a Discrete Fourier
Transform (DFT) for example implemented using a FFT algorithm and in a same way
as the one performed by the OFDM demodulation module 302.
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At next step S403, the processor 200 commands the wireless interface 205 in
order to cancel out the BPSK modulation by multiplying the demodulated symbols by
themselves in a same way as the one performed by the modulation removal module
303.

At next step S404, the processor 200 commands the wireless interface 205 in
order to take the N-IDFT or P-IDFT of the complex exponential in a same way as the
one performed by the IDFT module 304.

At next step S405, the processor 200 commands the wireless interface 205 in
order to detect the first peak at the output of the IDFT which is representative of the
time offset 7 in a same way as the one performed by the peak detection module 305.
The peak at the output of the IDFT corresponds to the first significant peak for time
dispersive channels or to the highest peak.

At next step S406, the processor 200 commands the wireless interface 205 in
order to perform a circular shift on the output of the IDFT performed at step 5404 in
order to compensate for the time offset 7 on the preamble in a same way as the one
performed by the circular shift module 306.

At next step S407, the processor 200 commands the wireless interface 205 in
order to multiply the output of the circular shift of step S406 to the IDFT of the CDS
mask in a same way as the one performed by the multiplication module 307.

At next step 5408, the processor 200 commands the wireless interface 205 in
order to perform a DFT on the output of the multiplication step S407. IDFT
multiplication step and DFT calculation step perform a cross-correlation that can be

expressed as follows:
N1

DFT(IDFT(x)xIDFT(y*)) = };x ()

where: (vu), = E Yo-pn
P

The cross-correlation is achieved in the frequency domain where the first term
X, is the sequence z, from which the phase ramp due to the time offset has been
removed by the circular shift step S406, and the second term vy, is the CDS mask. The
IDFT of the CDS mask may be advantageously pre-computed and stored in memory
203. The present invention takes advantageously profit that the IDFT has already been
performed by the IDFT step S404. Then, it is not needed to compute the IDFT onto

the circular shifted sequence z,.
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This IDFT can be obtained by simply applying, by the circular shift step S406, a
delay shift onto the output of the IDFT step S404 that served to estimate the time
offset v. This leads to a computationally efficient algorithm where only the last DFT
performed by the DFT step S408 needs to be computed.

At next step S409, the processor 200 commands the wireless interface 205 in
order to retrieve the integer frequency carrier offset by a peak detection algorithm in a
same way as the one performed by the peak detection module 309,

According to a particular mode of realization of the present imvention, the
present algorithm comprises further steps 8410 and S411.

At step S410, the processor 200 memorizes the integer frequency carrier offset,
the time offset and the fractional frequency carrier offset in the RAM memory 203 for
consecutive preamble symbols.

At next step S411, the processor 200 filters at least a part of the memorized
integer frequency carrier offsets, time offsets and fractional frequency carrier offsets
in order to obtain a corrected integer frequency carrier offset, a corrected time offset
and a corrected fractional frequency carrier offset based stored measurements.

The corrected integer frequency carrier offset, a corrected time offset and a
corrected fractional frequency carrier offset are based on at least one measurement and
a weighted version of a given number of past measurements, the given number being,
for example, dependent of channel variations.

Fig. 5 discloses a block diagram of components of a wireless interface of the
receiver for synchronizing and demodulating OFDM preamble symbols which carry
data that need to be demodulated.

OFDM symbols carry data that are critical to parameterize the receiver so as to
demodulate the following symbols and then need to be demodulated. For example,
OFDM or OFDM like symbols are compliant with the standard ETSI EN 302 755
v1.3.1, “Digital Video Broadcasting (DVB); Frame Structure Channel Coding and
Modulation for a Second Generation Digital Terrestrial Television Broadcasting
System (DVB-T2),” issued on October 2011.

The DVB-T2 signal is basically transmitted in frames with a maximum duration
of 250ms. Each T2-frame comprises one P1 preamble symbol, followed by one or

more P2 preamble symbols, followed by a configurable number of data symbols.
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The preamble symbol P1 has four main purposes, the fast recognition and
identification of a T2 signal, the signaling of the information needed to decode the rest
of the preamble and the frequency and timing synchronization.

Preamble symbol P1 is a 1024 points OFDM symbol with two half "guard
interval-like" portions added. The total symbol lasts 224us in 8 MHz system,
comprising the duration of the useful symbol 'A’ of the symbol plus two meodified
guard-interval like sections noted 'C' of 542 samples and ‘B of 482 samples.

Out of the 853 useful subcarriers of a 1024 points OFDM symbol, only 384 are
used, leaving others set to zero. The used subcarriers occupy roughly 6.83 MHz band
from the middle of the nominal 7.61 MHz signal bandwidth.

The active subcarriers are distributed as follows: out of the 853 carriers of the
1024 points OFDM symbol, the 766 subcarriers from the middle are considered. From
these 766 carriers, only 384 subcarriers carry reference symbols; the others are set to
zero. The position of the active subcarrier, i.e. the carrier distribution sequence (CDS),
is defined according to the concatenation of three complementary sequences.

Active subcarriers are Differentially Binary Phase Shift Keyving modulated with
a modulation pattern. The modulation pattern encodes two signaling fields S1 and S2.
Up to 8 values and 16 values can be signaled in each signaling field, respectively.

Patterns to encode the field S1 are based on 8 orthogonal sets of 8
complementary sequences of length 8 i.e. the total length of each S1 sequence CSSg
is 64, while sequences to encode the field S2 are based of 16 orthogonal sets of 16
complementary sequences of length 16 i.e. total length of each S2 sequence CSSs; is
256. The modulation sequence is obtained by concatenating the two CSSg; and CSSg,
patterns. The CSSs; sequence is attached at both sides of the CSSs» sequence. The 384
sample long sequence is then modulated using DBPSK and scrambled. The resulting
samples are mapped onto the active positions of the 1024 available subcarrier
positions according to the CDS. The samples are finally OFDM modulated to produce
the useful part A of the P1 symbol in the time domain.

In order to improve the robustness of the preamble symbol P1, two guard
intervals are defined at both sides of the useful part of the preamble symbol. Instead of
cyclic continuation like normal OFDM symbols, a frequency shift version of the
symbol is used. Thus, denoting Py, the first guard interval of the preamble symbol,
Pia the main part of the preamble symbol and Pip the last guard interval of the
preamble symbol, Py carries the frequency shifted version of the first 542 samples of
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P14, while Pip conveys the frequency shifted version of the last samples of P14, The
frequency shift fgi applied to P ¢ and Pyp is equal to one subcarrier spacing (1/10247).
Denoting the p;a(t) the time domain baseband waveform of the useful part A of the P1
signal, the preamble symbol P1 waveform is generated as follows:

2jn—
pe O=t=s542T

Dyt —5421) 542T <t <1566T
Pl(r) =1

. {
2jr—

pLt-1024T)e ™ 15667 st s 20487

0 otherwise

As the preamble symbol P1 carries the S1 and 52 signaling fields, it must be
demodulated. The encoded information is modulated according to a robust DBPSK
modulation so as to enable for a non-coherent demodulation. The phase ramp due to a
potential synchronization time offset is critical as the corresponding phase ramp in the
frequency domain may made impossible the demodulation of the DBPSK symbols.

The wireless interface 205 of the receiver Rec comprises a coarse
synchronization module 500.

The coarse synchronization module 500 for example auto-correlates the received
signal with two fixed delays, 5427 and 15667 with an @ priori compensation of the
frequency shift for. When the auto-correlation window with the delay of 542T falls on
the beginning of part A, then the auto-correlation preduces a peak and when the auto-
correlation window with the delay of 1566T falls on the beginning of part A, then the
auto-correlation produces a peak.

Both peaks enable the coarse time synchronization and the estimation of the
fractional carrier offset.

The wireless interface 205 of the receiver Rec comprises a fractional frequency
offset removal 501 which removes from the received preamble symbol the fractional
frequency offset determined by the coarse synchronization module 501 and extracts
from the received signal the parts A, B and C from which the fractional carrier offset
is removed.

The wireless interface 205 of the receiver Rec comprises an OFDM
demodulation module 502 which performs an OFDM demodulation of the part A on
which fractional frequency offset is removed. The OFDM demodulation is performed
by means of a Discrete Fourier Transform (DFT). The demodulated symbols are
affected by an exponential modulation resulting from the improper time

synchronization.
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The wireless interface 205 of the receiver Rec comprises a modulation removal
module 503 which cancels out the BPSK modulation by multiplying the demodulated
symbol by itself in a similar way as the one performed by the modulation removal
module 303 in order to obtain a complex exponential with frequency 27/7T .

The wireless interface 205 of the receiver Rec comprises an Inverse Discrete
Fourier Transform (IDFT) module 504 which takes the N-IDFT of the complex
exponential.

The wireless interface 205 of the receiver Rec comprises peak detection module
505 which estimates the time offset 7 on the output of the IDFT module which
corresponds to the first significant peak for time dispersive channels or to the highest
peak.

It can be noticed that the exponential modulation is weighted by an unknown
phase offset that does not affect the detection of the time offset t. More generally, the
observation would also be affected by another unknown phase offset resulting from
the mismatch between the source Srct and receiver Rec local oscillators.

For example, the maximum of the N-IDFT is used to estimate of the integer
delay k already disclosed for the peak detection module 305 of Fig. 3.

The wireless interface 205 of the receiver Rec comprises a circular shift module
506 which performs the circular shift on the output of the IDFT module 504 which
corresponds to the integer delay & in order to remove the time offset v on the preamble,

It has to be noted here that at this stage, both the time offset 7 and the fractional
carrier offset have been estimated and removed.

The modulation term due to the time offset T being removed from the above
mentioned sequence z,, the resulting sequence is a signal equal to one at the position
of the demodulated subcarriers and null elsewhere, with a common phase component
and additive noise affecting all the subcarriers positions. Ignoring the phase and noise
components, this signal is equivalent to a “mask” describing the position of the
modulated subcarriers shifted by the integer carrier offset. This signal is described
here as the CDS mask of the preamble. The CDS mask is an array containing binary
values equal to one at the indices of the non-zero subcarriers and null values at the
indices of the zero subcarriers.

The wireless interface 205 of the receiver Rec comprises an IDFT multiplication
module 507 which multiplics the output of the circular shift module to the IDFT of the
CDS mask provided by an IDFT CDS mask module 510.
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The wireless interface 205 of the receiver Rec comprises a DFT calculation
module 508. IDFT multiplication module 507 and DFT calculation module 508

perform a cross-correlation that can be expressed as follows:
N-

DFT(IDFT(x)x IDFT(y")) = Ex,, ()

==()

where: ()’N ),] = zyb-—pfv"
2

The cross-correlation is achieved in the frequency domain where the first term
x, is the sequence z, from which the phase ramp due to the time offset has been
removed by the circular shift module 506, and the second term y, is the CDS mask.
The IDFT of the CDS mask may be advantageously pre-computed and stored in
memory 203. The present invention takes advantageously profit that the IDFT has
already been performed by the IDFT module 504. Then, it is not needed to compute
the IDFT onto the circular shifted sequence z,.

This IDFT can be obtained by simply applying, by the circular shift module 506,
a delay shift onto the output of the IDFT module 504 that served to estimate the time
offset 1. This leads to a computationally efficient algorithm where only the last DFT
performed by the DFT module 508 needs to be computed.

The wireless interface 205 of the receiver Rec comprises a peak detection
module 509 that retrieves the integer frequency carrier offset by an algorithm
detecting the highest peak.

It can be noted here that the DFT and peak detection operations required for
both the estimation of the delay and the integer carrier frequency offset can be
performed using the same hardware and/or software means.

The wireless interface 205 of the receiver Rec comprises a time offset 7 and
integer carrier frequency offset removal module 511 which removes from the output
of the OFDM demodulation module 502 the time offset v determined by the peak
detection module 505 and the integer carrier frequency offset determined by the peak
detection module 505.

The wireless interface 205 of the receiver Rec comprises a demodulation
module 512 which demodulates the output of the time offset v and integer carrier
frequency offset removal module 511 in order to decode the content of the S1 and S2
signaling fields.
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Fig. 6 discloses an example of an algorithm executed by the receiver for
synchronizing and demodulating OFDM preamble symbols which carry data that need
to be demodulated.

OFDM symbols carry data that are critical to parameterize the receiver so as to
demodulate the following symbols and then need to be demodulated.

The present algorithm is executed each time a preamble symbol is received.

At step §600, the processor 200 commands the wireless interface 205 in order to
perform a coarse synchronization which performs a coarse synchronization in the time
domain. The coarse synchronization further provides a fractional frequency offset.

The synchronization is performed in a same way as the one performed by the
coarse synchronization module 500.

At next step S601, the processor 200 commands the wireless interface 205 in
order to remove, from the received preamble symbol, the fractional frequency offset
determined by the coarse synchronization step 5600.

At next step 5602, the processor 200 commands the wireless interface 205 in
order to perform an OFDM demodulation of the preamble symbol on which fractional
frequency offset is removed at the position in the time domain given by the estimated
time offset. The OFDM demodulation is performed by means of a Discrete Fourier
Transform (DFT) for example implemented using a FFT algorithm and in a same way
as the one performed by the OFDM demodulation module 502.

At next step S603, the processor 200 commands the wireless interface 205 in
order to cancel out the BPSK modulation by multiplying the demodulated symbol by
itself in a same way as the one performed by the modulation removal module 503.

At next step S604, the processor 200 commands the wireless interface 205 in
order to take the N-IDFT of the complex exponential in a same way as the one
performed by the IDFT module 504.

At next step S605, the processor 200 commands the wireless interface 205 in
order to detect the peak at the output of the IDFT which is representative of the time
offset v in a same way as the one performed by the peak detection module 505. The
peak at the output of the IDFT corresponds to the first significant peak for time
dispersive channels or to the highest peak.

At next step S606, the processor 200 commands the wireless interface 205 in
order to perform a circular shift on the output of the IDFT performed at step S604 in
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order to remove the time offset t on the preamble in a same way as the one performed
by the circular shift module 506.

At next step S607, the processor 200 commands the wireless interface 205 in
order to multiply the output of the circular shift of step S606 to the IDFT of the CDS
mask in a same way as the one performed by the multiplication module 307.

At next step S608, the processor 200 commands the wireless interface 205 in
order to perform a DFT on the output of the multiplication step S607. IDFT
multiplication step and DFT calculation step perform a cross-correlation that can be

expressed as follows:
N1
DFT (IDFT(x)x IDFT(y")) = Zxﬂ {yy)

=0

n+l
where: (J’N )n = Eyb-pN
P

The cross-correlation is achieved in the frequency domain where the first term
X, is the sequence z, from which the phase ramp due to the time offset has been
removed by the circular shift step S606, and the second term y, is the CDS mask. The
IDFT of the CDS mask may be advantageously pre-computed and stored in memory
203. The present invention takes advantageously profit that the IDFT has already been
performed by the IDFT step S604. Then, it is not needed to compute the IDFT onto
the circular shifted sequence z,.

This IDFT can be obtained by simply applying, by the circular shift step S606, a
delay shift onto the output of the IDFT step S604 that served to estimate the time
offset T. This leads to a computationally efficient algorithm where only the last DFT
performed by the DFT step S608 needs to be computed.

At next step S609, the processor 200 commands the wireless interface 205 in
order to retrieve the integer frequency carrier offset by a peak detection algorithm in a
same way as the one performed by the peak detection module 309.

After that, the processor 200 moves to step S612 or moves, according to a
particular mode of realization of the present invention, to step S610.

At step $610, the processor 200 memorizes, the integer frequency carrier offset,
the time offset and the fractional frequency carrier offset in the RAM memory 203.

At next step S611, the processor 200 filters at least a part of the memorized
integer frequency carrier offsets, time offsets and fractional frequency carrier offsets
in order to obtain a corrected integer frequency carrier offset, a corrected time offset

and a corrected fractional frequency carrier offset based stored measurements.
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The corrected integer frequency carrier offset, a corrected time offset and a
corrected fractional frequency carrier offset are based on at least one measurement and
a weighted version of a given number of past measurements, the given number being,
for example, dependent of channel variations.

At next step S612, the processor 200 commands the wireless interface 205 in
order to remove from the output of the OFDM demodulation module 502 the time
offset v determined by the peak detection module 505 and the integer carrier frequency
offset determined by the peak detection module 505.

At next step S613, the processor 200 commands the wireless interface 205 in
order to demodulate the output of the time offset 7 and integer carrier frequency offset
removal module 511 in order to decode the content of the S1 and S2 signaling fields.

Naturally, many modifications can be made to the embodiments of the invention

described above without departing from the scope of the present invention.
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1. Device for synchronizing a receiver on received preamble symbol modulated
by an orthogonal frequency division muitiplexing scheme, characterized in that the
device comprises:

- means for executing a coarse synchronization which provides an estimate of a
first time offset and fractional frequency offset,

- means for removing the fractional frequency offset from the preamble symbol,

- means for performing on the symbol period localized by the first estimate of
the time offset, an orthogonal frequency division multiplexing demodulation on the
preamble symbol on which the fractional frequency offset is removed,

- means for removing from the subcarriers of the demodulated preamble symbol
the effect of a phase shift keying modulation,

- means for performing an inverse discrete Fourier transform on the
demodulated preamble symbol on which effect of a modulation wherein at least the
phase on subcarriers on which preamble symbol is mapped is modified according to
the binary information value of the preamble sequence carried by the subcarrier,

- means for determining a second time offset from the output of the inverse
discrete Fourier transform,

- means for compensating the effect of the time offset for next received

orthogonal division multiplexing symbol using the second time offset.

2. Device according to claim 1, characterized in that, the effect of the time offset
is compensated in the time domain by time shifting the orthogonal frequency division
multiplexing demodulation for next received orthogonal division multiplexing symbol
using the second time offset or by multiplying the output of the orthogonal frequency
division multiplexing demodulation with the conjugate of a complex exponential term

due to the second time offset in the frequency domain.

3. Device according to claim lor 2, characterized in that it further comprises:

- means for multiplying an inverse discrete Fourier transform of an array
containing binary values equal to one at the indices of the non-zero subcarriers on
which the preamble symbol is mapped by the time shifted output of the inverse

discrete Fourier transform,
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- means for performing a discrete Fourier transform on the output of the
multiplying means,

- means for determining an integer carrier frequency offset from the output of
the inverse discrete Fourier transform,

- means for compensating the effect of the carrier frequency offset for next
received orthogonal division multiplexing symbol using the determined integer carrier

frequency offset.

4, Device according to claim 3, characterized in that the device further
comprises:

- means for modifying the output of the orthogonal frequency division
multiplexing demodulation by correcting the effect of the second time offset and the
integer carrier frequency offset,

- means for demodulating the output of the modified orthogonal frequency

division multiplexing demodulation.

5. Device according to claim 3, characterized in that the preamble symbol is
compatible with 3GPP/LTE standard, or compatible with IEEE802.11 or IEEE802.16

standard.

6. Device according to claim 4, characterized in that the preamble symbol is
compatible with Digital Video Broadcasting- Terrestrial standard or Digital Video
Broadcasting- Second Generation Terrestrial standard or Integrated Services Digital

Broadcasting- Terrestrial standard.

7. Device according to any of the claims 1 to 6, characterized in that the
modulation wherein at least the phase on subcarriers on which preamble symbol is
mapped is modified according to the binary information value of the preamble
sequence carried by the subcarrier is a Binary Phase Shift keying (BPSK) modulation
or a Quadrature Amplitude Modulation (QAM) including the Quaternary Phase Shift
keying (QPSK) modulation.
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8. Method for synchronizing a receiver on received preamble symbol modulated
by an orthogonal frequency division multiplexing scheme, characterized in that the
method comprises the steps of:

- executing a coarse synchronization which provides an estimate of a first time
offset and fractional frequency offset,

- removing the fractional frequency offset from the preamble symbol,

- performing, using the first estimate of the time offset, an orthogonal frequency
division multiplexing demodulation on the preamble symbol on which the fractional
frequency offset is removed,

- removing from the subcarriers of the demodulated preamble symbeol the effect
of a phase shift keying modulation,

- performing an inverse discrete Fourier transform on the demodulated preamble
symbol on which effect of a modulation wherein at least the phase on subcarriers on
which preamble symbol is mapped is modified according to the binary information
value of the preamble sequence carried by the subcarrier,

- determining a second time offset from the output of the inverse discrete
Fourier transform,

- compensating the effect of the time offset for next received orthogonal

division multiplexing symbol using the second time offset.

9. Method according to claim 8, characterized in that the method comprises
further steps of:

- memorizing plural determined integer frequency carrier offsets, time offsets
and fractional frequency carriers on consecutive preamble symbols.

- filtering at least a part of the memorized integer frequency carrier offsets,
second time offsets and fractional frequency carrier offsets in order to obiain a
corrected integer frequency carrier offset, a corrected time offset and a corrected

fractional frequency carrier offset based stored measurements.

10. Computer program which can be directly loadable into a programmable
device, comprising instructions or portions of code for implementing the steps of the
method according to claim 9 or 10 when said computer program is executed on a

programmable device.
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ABSTRACT

The present invention concerns a device for synchronizing a receiver on
received preamble symbol modulated by an orthogonal frequency division
multiplexing scheme. The device comprises:

- means for executing a coarse synchronization which provides an estimate of a
first time offset and fractional frequency offset,

- means for removing the fractional frequency offset from the preamble symbol,

- means for performing an OFDM demodulation on the preamble symbol on
which the fractional frequency offset is removed,

- means for removing from the subcarricrs of the demodulated preamble symbol
the effect of a phase shift keying modulation,

- means for performing an IDFT on the demodulated preamble symbol on which
effect of a modulation wherein at least the phase on subcarriers on which preamble
symbol is mapped is modified according to the binary information value of the
preamble sequence carried by the subcarrier,

- means for determining a second time offset from the output of the inverse
discrete Fourier transform,

- means for compensating the effect of the time offset for next received

orthogonal division multiplexing symbol using the second time offset.
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