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[0001] SYNCHRONIZATION AND ACQUISITION
FOR MOBILE TELEVISION RECEPTION

[0002] FIELD OF INVENTION
[0003] The present invention relates generally to television reception, and more

particularly, to synchronization and acquisition of a mobile television signal.

[0004] BACKGROUND

[0005] One goal in designing digital television receivers is to design a “universal”
receiver — one that can receive as many different broadcast standards as possible. This
goal may be possible because many television broadcast standards share common
features. One design goal for a mobile television receiver is to implement a simple, low-
cost design. For instance, this goal may be achieved by simplifying the tuner design
and the signal extraction design, and reducing the power processing (to save as much
pbwer as possible).

[0006] For example, in the ISDB-T (Integrated Services Digital Broadcast —
Terrestrial) standard, a broadcast signal includes 13 segments. There are three
possible reception modes: all 13 segments, three segments, or one segment. There are
multiple ways to construct a receiver, which can include a single tuner or multiple
tuners. For example, a receiver may include only a one segment tuner or a 13 segment
tuner, which would require adjustments on the transmitter side to accommodate the
one tuner at the receiver. A multiple segment tuner (i.e., capable of receiving 13
segments, three segments, or one segment) may be used, but this type of tuner is more
complex in operation and construction and is more expensive than other tuner types. A
multiple segment tuner may not be as accurate for the one segment case as it is for the
13 segment case, for example. This results from a synchronization problem, especially
for a coarse frequency offset (CFO). Synchronization is important to properly receive

and display the broadcast signal.
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[0007] CFO is used to estimate the frequency used. Determining the mode of the
signal includes detecting the number of frequencies used per segment in the time
domain. A “guard” is provided at the beginning of a transmission frame, to protect
against signal leakage between consecutive symbols. In one implementation, the guard
is a buffer that includes some repeated information.

[0008] The synchronization performance can be limited by the tuner. For
example, in ISDB-T, some low-cost tuners exhibit envelope compression. For
synchronization, the typical method uses a pilot signal. But this approach has a
performance limitation if the receiver is not sufficiently accurate. Using a more
accurate tuner can also result in a more complex tuner, in terms of operation and
construction.

[0009] Generally, in an orthogonal frequency division multiplexing (OFDM)
system (such as ISDB-T), the mode and the guard need to be determined prior to
performing a fast Fourier transform (FFT) on the received signal. The signal includes a
data portion and a cyclic prefix portion. To synchronize the system to obtain the data
portion, the FFT window needs to be determined. By determining the mode and the
guard of the signal, the FFT window can be determined. These two values identify how
large the FFT window is and how large the prefix portion is. With an ISDB-T signal, if
only one of the 13 segments of the signal is desired, then the number of prefix and data
samples in one symbol may be very small, thereby making detecting the mode and the

guard difficult.

[0010] SUMMARY

fo011] A wideband filter is applied to the received signal until the coarse
frequency estimation is completed and the correction is applied to the signal. In one
implementation, the tuner recited herein may be viewed as a 13 segment ISDB-T tuner
that is modified for one segment reception. In standards such as ISDB-T, Media-Flo,

etc., the non-desired bands of the received signal can be used to improve the
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synchronization function. When the synchronization is completed, the front-end filter
switches to a narrowband filter to extract only the signal of interest.

[0012] Using all 13 segments of an ISDB-T signal permits the mode and the
guard of the signal to be detected without using a filter. After detecting the mode and
the guard, the unwanted segments of the ISDB-T signal can readily be filtered out.

[0013] BRIEF DESCRIPTION OF THE DRAWINGS

[0014] A more detailed understanding of the invention may be had from the
following description, given by way of example, and to be understood in conjunction
with the accompanying drawings, wherein:

[0015] Figure 1 is a block diagram of a receiver configured to perform
synchronization of a received signal;

[0016] Figure 2 is a flowchart of a method for synchronizing a received signal;
[0017] Figure 3 is a block diagram of a receiver configured to determine the mode
and the guard of a received signal; and

[0018] Figure 4 is a flowchart of a method for determining the mode and the

guard of a received signal.

[0019] DETAILED DESCRIPTION

[0020] One method to determine the coarse frequency offset (CFO) is to detect an
integer part of the frequency offset (which is recorded as the CFO). By using more of
the pilot sighal with a wideband low-pass filter, the CFO can more readily be detected.
After detecting the CFO, the receiver switches to a narrowband low-pass filter to
obtain the fine frequency offset (FFO). Using the full spectrum allows for a faster CFO
determination. The mode and the guard of the received signal are also detected and

used in tuning the receiver.
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[0021] Svnchronizing the receiver

[0022] Figure 1 is a block diagram of a receiver 100 configured to perform
synchronization on a received signal. The receiver 100 includes an analog to digital
(A/D) converter 102, an intermediate frequency (IF) to baseband (BB) down-converter
104, a wideband low-pass filter (LPF) 106, a narrowband LPF 108, a selector 110, an
interpolator (ITP) 112, a fast Fourier transform (FFT) processor 114, and a pilot
processor 116.

[0023] In operation, the received signal is converted to a digital signal by the A/D
converter 102 and is down-converted to baseband by the IF to BB processor 104. The
selector 110 first applies the wideband LPF 106 to the signal. The filtered signal is
passed to the interpolator 112 and the FFT processor 114. After the FFT processor 114
converts the signal to the frequency domain, the pilot processor 116 determines the
coarse frequency offset (CFO) and the timing and carrier information.

[0024] The CFO is provided to the IF to BB processor 104 to assist in down-
converting the received signal. This simultaneously compensates for the frequency
offset and a lack of a sharp narrowband filter introduced by using a low-cost tuner.
Once the CFO calculation is determined, the CFO information is also determined. The
CFO information is also provided to the selector 110, which switches from the
wideband LPF 106 to the narrowband LPF 108. The timing and carrier information is
passed to the interpolator 112, where it is used in estimating a fine frequency offset
(FFO) for the received signal. The interpolator 112 is reprogrammed for the
narrowband signal, because the information rate of the narrowband signal is different
than the information rate of the wideband signal.

[0025] Figure 2 is a flowchart of a method 200 for synchronizing to a received
signal. A signal is received (step 202) and is down-converted to baseband (step 204). A
wideband low-pass filter is applied to the baseband signal (step 206) and the CFO is
calculated (step 208), by utilizing an interpolator, an FFT processor, and a pilot
processor. The CFO is applied to the down-conversion process to adjust the processing

of the received signal (step 210). A narrowband low-pass filter is applied to the
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baseband signal (step 212). The interpolator is reprogrammed for the narrowband
signal (step 214), because the information rate of the narrowband signal is different
than the information rate of the wideband signal. Then the fine frequency offset of the
filtered signal is determined (step 216).

[0026] Reducing the filter band also reduces power consumption by rescaling the
sampling rate and the FFT size. The method 200 is general enough to be applied to a
wide range of receivers and standards, and it is to be understood that the description of

the method 200 in connection with the ISDB-T standard is used herein as an example.

[0027] Determining the mode and the guard
[0028] Figure 3 is a block diagram of a receiver 300 configured to determine the

mode and the guard of a received signal. The receiver 300 includes a mode and guard
detector 302, a narrowband filter 304, a downsampler 306, an FFT window
determination device 308, an FFT device 310, and a decoding device 312.

[0029] In operation, the received wideband signal is passed to the mode and
guard detector 302 and the narrowband filter 304. The mode and guard detection is -
performed without any downsampling of the received signal; i.e., all 13 data segments
of the ISDB-T signal need to be present. After the mode and guard are detected, the
received signal is passed through the narrowband filter 304 to retrieve the desired
portion of the signal. The filtered signal is passed to the downsampler 306 where the
signal is downsampled with the appropriate ratio. Then the FFT window
determination device 308 uses the downsampled signal, the mode, and the guard to
fiﬁd the beginning of each symbol; i.e., the starting position where FFT needs to be
applied. The beginning of each symbol is also referred to as the trigger, and is the fine
timing offset of the symbol. The FFT device 310 converts the time domain signal to a
frequency domain signal. The decoding device 312 equalizes, demaps, and decodes the
frequency domain signal.

[0030] Figure 4 is a flowchart of a method 400 for determining the mode and the

guard of a received signal. A signal is received (step 402) and the mode and the guard
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for the entire (wideband) received signal is detected (step 304). For example, when
receiving an ISDB-T signal, all 18 segments of the signal are used to determine the
mode and the guard. After the mode and the guard have been detected, a narrowband
filter is applied to the signal to extract the desired portions of the signal (step 406). The
filtered signal is downsampled (step 408). The FFT window, which is the beginning of
each symbol where FFT is to be applied, is determined using the detected mode and
guard and the downsampled signal (step 410). The beginning of each symbol is also
referred to as the trigger, and is the fine timing offset of the symbol. FFT is performed
on the signal to obtain the frequency domain signal (step 412), which is then equalized,
demapped, and decoded (step 414).

[0031] In one embodiment, determining the CFO and the mode and guard
detection can be performed together as part of a single method to synchronize the
receiver to a received signal.

[0032] The present invention can be implemented in a computer program
tangibly embodied in a computer-readable storage medium containing a set of
instructions for execution by a processor or a general purpose computer; and method
steps can be performed by a processor executing a program of instructions by operating
on input data and generating output data. Suitable processors include, by way of
example, both general and special purpose processors. Typically, a processor will
receive instructions and data from a read-only memory (ROM), a random access
memory (RAM), and/or a storage device. Storage devices suitable for embodying
computer program instructions and data include all forms of non-volatile memory,
including by way of example semiconductor memory devices, magnetic media such as
internal hard disks and removable disks, magneto-optical media, and optical media
such as CD-ROM disks and digital versatile disks (DVDs). In addition, while the
illustrative embodiments may be impleinented in computer software, the functions
within the illustrative embodiments may alternatively be embodied in part or in whole

using hardware components such as Application Specific Integrated Circuits (ASICs),
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Field Programmable Gate Arrays (FPGAs), or other hardware, or in some combination
of hardware components and software components.

[0033] While specific embodiments of the present invention have been shown and
described, many modifications and variations could be made by one skilled in the art
without departing from the scope of the invention. The above description serves to

illustrate and not limit the particular invention in any way.

* * *



WO 2010/103395 PCT/IB2010/000531

CLAIMS

What is claimed is:

1. A method for synchronizing a receiver to a received signal, comprising the
steps of:

down-converting the received signal to a first baseband signal;

determining a coarse frequency offset (CFO) of the first baseband signal;

applying the CFO to the down-converting of the received signal to a second
baseband signal;

determining a fine frequency offset (FFO) of the second baseband signal; and

synchronizing the receiver to the received signal using the CFO and the FFO.

2. The method according to claim 1, further comprising the step of:
applying a wideband low-pass filter to the first baseband signal.

3. The method according to claim 1, further comprising the step of:

applying a narrowband low-pass filter to the second baseband signal.

4. The method according to claim 3, wherein applying the narrowband low-
pass filter reduces power consumption at the receiver by rescaling a sampling rate and

reducing a Fast Fourier Transform window size.

5. A receiver configured to synchronize to a received signal, comprising:

an analog to digital converter, configured to convert the received signal to a
digital signal;

a baseband processor, configured to convert the digital signal to a baseband
signal;

a Fast Fourier Transform processor, configured to convert the baseband signal to

a frequency domain signal; and
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a pilot processor, configured to determine a coarse frequency offset (CFO) and
timing and carrier information from the frequency domain signal,
wherein the baseband processor is further configured to receive the CFO and

apply the CFO in converting the digital signal to the baseband signal.

6. The receiver according to claim 5, wherein said baseband processor, said
Fast Fourier Transform processor, and said pilot processor form part of a single

processor.

7. The receiver according to claim 5, further comprising:

a wideband low-pass filter, configured to receive and filter the baseband signal;

a narrowband low-pass filter, configured to receive and filter the baseband
signal; and

a selector in communication with the wideband low-pass filter and the
narrowband low-pass filter, the selector configured to receive the CFO from the pilot
processor, wherein upon receipt of the CFO, the selector is configured to select the

narrowband low-pass filter.

8. The receiver according to claim 7, further comprising:
an interpolator, configured to
receive an output of the narrowband low-pass filter;
receive the timing and carrier information from the pilot processor; and

estimate a fine frequency offset of the received signal.

9. A method for determining and applying a mode and a guard of a received
signal, comprising the steps of:

detecting the mode and the guard of the received signal;

filtering the received signal to obtain a desired portion of the received signal;

downsampling the filtered signal;
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determining a Fast Fourier Transform window using the detected mode and
guard;

performing a Fast Fourier Transform on the filtered signal to obtain a frequency
domain signal; and

decoding the frequency domain signal.

10.  The method according to claim 9, wherein the filtering includes applying a

narrowband filter to the received signal.

11. The method according to claim 9, wherein the decoding includes
equalizing and demapping the frequency domain signal prior to decoding the frequency

domain signal.

12. A receiver configured to determine and apply a mode and a guard of a

received signal, comprising:

a mode and guard detector, configured to detect the mode and the guard of the

received signal;

a filter, configured to filter the received signal;

a downsampler, configured to downsample the filtered signal;

a Fast Fourier Transform (FFT) window determination device, configured to
receive the downsampled signal and the mode and the guard; and
determine an FFT window;

a FFT device configured to convert the downsampled signal to a frequency

domain signal; and

a decoding device, configured to decode the frequency domain signal.

13.  The receiver according to claim 12, wherein the filter is a narrowband

filter.

10
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14.  The receiver according to claim 12, wherein the decoding device is further
configured to equalize and demap the frequency domain signal prior to decoding the

frequency domain signal.

15. A method for synchronizing a receiver to a received signal, comprising the
steps of:

down-converting the received signal to a first baseband signal;

determining a coarse frequency offset (CFO) of the first baseband signal;

detecting the mode and the guard of the received signal;

applying the CFO to the down-converting of the received signal to a second
baseband signal;

filtering the second baseband signal to obtain a desired portion of the received
signal;

downsampling the filtered signal;

determining a fine frequency offset (FFO) of the filtered signal;

determining a Fast Fourier Transform window using the detected mode and
guard;

performing a Fast Fourier Transform on the filtered signal to obtain a frequency
domain signal;

synchronizing the receiver to the received signal using the CFO and the FFO;
and

decoding the frequency domain signal.

16.  The method according to claim 15, wherein the filtering includes applying

a narrowband filter to the second baseband signal.
17. A receiver configured to synchronize to a received signal, comprising:

an analog to digital converter, configured to convert the received signal to a

digital signal;

11
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a baseband processor, configured to convert the digital signal to a first baseband

signal;

a pilot processor, configured to determine a coarse frequency offset (CFO) and

timing and carrier information from the first baseband signal;

a mode and guard detector, configured to detect the mode and the guard of the

received signal;

the baseband processor is further configured to receive the CFO and apply the

CFO in converting the digital signal to a second baseband signal;

a filter, configured to filter the second baseband signal;

a downsampler, configured to downsample the filtered signal;

a Fast Fourier Transform (FFT) window determination device, configured to
receive the downsampled signal and the mode and the guard; and
determine an FFT window;

a FFT device configured to convert the downsampled signal to a frequency

domain signal; and

a decoding device, configured to decode the frequency domain signal.

12
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