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(57) Abstract: A method of channel parameter extraction in a multipath environment allows timing synchronization and channel
estimation to be performed. The method operates on pseudorandom (PN) noise sequences containing a cyclic prefix and a cyclic
postfix by eliminating any interference peaks due to the prefix and posttix along with associated noise to allow characteristics of
the channel to be determined.
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A METHOD FOR CHANNEL ESTIMATION BASED ON PN SEQUENCES

FIELD OF THE INVENTION

The invention is about channel parameter detection in pseudorandom noise (PN)
based digital communication systems. In these kinds of systems, a prefix and postfix are

added to the PN sequence for synchronization.

BACKGROUND OF THE INVENTION

Nowadays, PN sequences are used frequently in various digital communication
systems as a preamble, just as in spread spectrum systems, OFDM systems and similar
systems. In order to suppress partial correlation noise, some of the PN sequences use a
cyclic prefix and a cyclic postfix. This will present excellent channel impulse within a
certain period. But another problem will be the interference correlation peaks generated
by the prefix and postfix.

Figurel shows an example where no prefix or postfix for the PN sequence are used.
The correlation result will be one peak with a lot of noise off the peak. This noise will
affect performance of the system, especially for fading channels.

Next, in Figure 2, a cyclic prefix and cyclic postfix for the PN sequence are used.
The Chinese terrestrial broadcasting system (DTMB) is one example that uses this kind
of PN sequence as a preamble. The noise suppression of the correlation result is much
better. There is no partial correlation noise within a certain period around the center
correlation peak. But on the other hand, we do not use the non-highest peaks on the left
and on the right, and we can call them interference peaks.

In Figure 3, the channel is a fading channel. It is hard for the receiver to distinguish the
interference peaks of the first path with the center peak of the second path.

In the receiver, it is desirable to detect the following parameters:

1. The first path, which is the synchronization boundary.

2. The last path, which should be found to measure the Tyax value, used for channel

estimation to suppress the redundant noise.
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But, as in Figure 3, one cannot tell which is the first path and which is the last path by
the correlation result. In order to get a clear channel impulse response, the prefix and
postfix peaks should be eliminated.

The channel impulse response estimation will be affected by the prefix and postfix of
the PN sequence. The purpose of this invention is to solve the prefix and postfix

interference problem and to detect the first path and the last path.

SUMMARY OF THE INVENTION

In this invention, a prefix and postfix eliminating and path detection method is
proposed.

For the first step, we should get a clear channel impulse response. In the system
using PN-based preamble as in Figure 2, a PN sequence is used for synchronization and
channel estimation. A cyclic prefix and a cyclic postfix are added to suppress noise in
fading channels. But the correlation peaks generated by the prefix and the postfix will
interfere in distinguishing the first and the last path. So, a method of eliminating the
interference peaks is proposed here. When the lengths of the main PN data, PN prefix and
PN postfix are fixed, there will be relationships both in the delay time and in the
amplitude between the interference peaks and the center peak. So, it is possible to
eliminate the interference peaks iteratively.

Here, assume that the prefix and the postfix are shorter than the PN sequence. Then
the center peak will be higher than the interference peaks. We can first detect the highest
center peak, and then, according to the relationship between the center peak and its
interference peaks, it is possible to eliminate its interference peaks. Then, the second

largest path is similarly processed until we get the clear channel impulse response.

DETAILED DESCRIPTION OF THE INVENTION

The cyclic prefix and cyclic postfix are used to protect the data in the middle, but

there are also drawbacks. In the frame structure system in Figure 2, a PN sequence is
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used for synchronization and channel estimation. The cyclic prefix and cyclic postfix is
added to protect the center PN data, as shown in Figure 2. The two second-highest peaks
on the left and on the right are regarded as interference peaks, both for channel estimation
and for path detection.

An iterative elimination method is proposed in this invention. Depending on the
lengths of the prefix, the postfix, and the PN data in the middle, the center peak and the
interference peaks have certain relationships. An example of these relationships is shown
in Figure 4.

L is the period of the PN data. L, is the period of the prefix and Lpos: 1s the period of
the postfix.

As for the correlation result, there will be three peaks due to the existence of the
prefix and the postfix.

The period between Peakcenter and its interference peaks is L, which is just the period of
the PN data. The height of peak, and peakyost can be calculated as following:

Hpre=H*(Lyro/L) 1)

Hyos=H*(Lpos/'L) (2)

Using the aforementioned relationships, the process can be illustrated with the example
channel impulse response in Figure 5. Through correlation, calculate the original
correlation result, including the center peaks and interference peaks, just as in Figure 6.

In order to remove the interference peaks generated by the prefix and postfix, we can

divide the process into the following steps:

1. Detect the power of the highest peak P, in the first frame.

2. Then according to the power of P, set a threshold, which is used to distinguish the
center peak and the interference peaks. It must be higher than Py, and Pipost, and lower
than Py. This is shown by the line in Figure 6.

3. Then in the second frame, find the peaks larger than the threshold and record the
value and the position of each peak detected. In F igure 6, only P, will be detected.

4. According to equation (1) and equation (2), Pype and P1post can be eliminated. The

result after elimination will be as shown in Figure 7.
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5. Next, reset the threshold, and repeat the steps above until the stop point of the
iteration. Then go to step 6.

6. According to the channel pattern and the SNR value, we can set the path detection
threshold. It must be low enough to detect the low path in the fading channel, but it can
not be too low to wrongly detect the noise as a path. Then use this threshold to find the
position of the first path and the last path and to get the Tiax value.

Considering that the channel does not change fast in the terrestrial broadcasting
transmission, it is fair to assume that the channel impulse responses are the same in
several adjacent frames. So, one iteration can be done in one frame and this method does
not need to store channel information which saves memory.

The iteration stop point could be set to a fixed number. It also could be set according
to a required performance metric or to the SNR based on system design requirements.

Finally, the result of the iteration could be approximately shown as in Figure 5.

A general flow chart of the process can be drawn as Figure 8.

Figure 9 is the correlation result with the interference peaks in the fading channel.
Figure 10 is the result after interference peak elimination.

This invention can be used for all digital communication systems with prefix or
postfix PN sequences, or both. The synchronization and channel estimation need a clean
channel impulse response. So for prefix and postfix PN systems, this invention can be
used to eliminate the interference peaks.

The present description illustrates the principles of the invention. It will thus be
appreciated that those skilled in the art will be able to devise various arrangements that,
although not explicitly described or shown herein, embody the principles of the invention
and are included within its spirit and scope.

All examples and conditional language recited herein are intended for pedagogical
purposes to aid the reader in understanding the principles of the invention and the
concepts contributed by the inventor to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and conditions.

Moreover, all statements herein reciting principles, aspects, and embodiments of

the invention, as well as specific examples thereof, are intended to encompass both



10

15

20

25

30

WO 2010/073097 PCT/IB2009/007846

structural and functional equivalents thereof. Additionally, it is intended that such
equivalents include both currently known equivalents as well as equivalents developed in
the future, i.e., any elements developed that perform the same function, regardless of
structure.

Thus, for example, it will be appreciated by those skilled in the art that the block
diagrams presented herein represent conceptual views of illustrative circuitry embodying
the principles of the invention. Similarly, it will be appreciated that any flow charts, flow
diagrams, state transition diagrams, pseudocode, and the like represent various processes
which may be substantially represented in computer readable media and so executed by a
computer or processor, whether or not such computer or processor is explicitly shown.

The functions of the various elements shown in the figures may be provided
through the use of dedicated hardware as well as hardware capable of executing software
in association with appropriate software. When provided by a processor, the functions
may be provided by a single dedicated processor, by a single shared processor, or by a
plurality of individual processors, some of which may be shared. Moreover, explicit use
of the term “processor” or “controller” should not be construed to refer exclusively to
hardware capable of executing software, and may implicitly include, without limitation,
digital signal processor (“DSP”) hardware, read-only memory (“ROM”) for storing
software, random access memory (“RAM™), and non-volatile storage.

Other hardware, conventional and/or custom, may also be included. Similarly,
any switches shown in the figures are conceptual only. Their function may be carried out
through the operation of program logic, through dedicated logic, through the interaction
of program control and dedicated logic, or even manually, the particular technique being
selectable by the implementer as more specifically understood from the context.

In the claims hereof, any element expressed as a means for performing a specified
function is intended to encompass any way of performing that function including, for
example, a) a combination of circuit elements that performs that function or b) software
in any form, including, therefore, firmware, microcode or the like, combined with
appropriate circuitry for executing that software to perform the function. The invention

as defined by such claims resides in the fact that the functionalities provided by the
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various recited means are combined and brought together in the manner which the claims
call for. Applicant thus regards any means that can provide those functionalities as

equivalent to those shown herein.
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CLAIMS :

1. A method for channel parameter extraction in a sequence having a cyclic prefix
and cyclic postfix, comprising:

receiving a pseudorandom number sequence;

filtering said received pseudorandom number sequence with a single matched
filter;

processing iteratively said matched filter output to remove the cyclic prefix and
cyclic postfix using characteristics of the length of the pseudorandom noise sequence, the
cyclic prefix and the cyclic postfix;

extracting at least one parameter from said processing step that is characteristic of
the channel by measuring a distance between a first path peak and a last path peak in said

matched filter output.

2. The method of Claim 1 further comprising said parameter extracted is timing

information related to at least one multipath signal.

3. The method of Claim 1, said processing step further comprising:

detecting the power of the greatest magnitude peak of said matched filter
output frequency spectrum;

setting a threshold to distinguish said highest peak of matched filter output
frequency spectrum from any interfering peaks from the cyclic prefix and cyclic postfix;

using said threshold in a subsequent frame to find peaks of greater magnitude than
said threshold and using the value and position of each peak detected to eliminate those
due to the cyclic prefix and cyclic postix;

repeating said detecting, setting and eliminating steps to eliminate interfering
peaks due to the cyclic prefix and postfix until a predefined performance measure is

reached.
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4. The method of Claim 3, whereby said predefined performance measure is the

elimination of all interference peaks due to cyclic prefix and cyclic postfix.

5. The method of Claim 3, whereby said predefined performance measure is based on
SNR.

6. The method of Claim 3, whereby said predefined performance measure is based on a

fixed number of iterations.
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