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BACKGROUND OF THE INVENTION : |

FIELD OF THE INVENTION

The present invention relates to a leading wave position
detecting unit, method and the like for detecting the

position of the leading wave in a delay profile.
DESCRIPTION OF RELATED ART .

Fig. 1A is a diagJ__:'am illustrating a case where a mobile
station receives a radio wave from a base stafion antenna
along with radio waves that are reflected or diffracted £from
buildings and the like and arrive at the mobile station, and
Fig. 1B is a diagram illustrating an example of a
(propagation) delay profile. The.radio wéves (1), (2) and
(3) in the delay profile are called an eleméntary wave (path).

In the deléy profile as illustrated in Fig. 1B, the axis
of abscissas represents the.propagation delay time (called
"delay time” from now on) of incoming radio waves to the
mobile station, and the axis of ordinates represents the

received power. The axis of ordinates can represent a

‘propagation loss. The received power or the propagation

loss can be represented in terms of an absolute value or a
relative value.

Fig. 2 is a block diagram showing a configuration of a
conventional receiver. The receiver as shown in Fig. 2

comprises an antenna 120, despreading code generators 122
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and 136, multipliers 124 and 138, a delay'profilexmeésuring
section 126, an averaging section 127, a noise level detector
128, an eliminator 130, a path selector 132, a detection
timing setting section 134, and a RAKE combiner 140.
Receiving a signal via an antenna 120, the multiplier
124 multiplies it by a despreading code generated by the

despreading code generator 122 so that the received signal

is despread and the paths are divided. The delay profile

measuring section 126 measures the received powers of the
divided paths, thereby measuring (producing) the delay
profile. :

Since the measured delay profile includes noise, it is
suppressed by the averaging section 127, noise level
defector 128, and eliminator 130.

Thepathselector132selectsthepaths(pathswithlarge
received power, for example) appropriate for the RAKE
combining from the noise-suppressed delay profile. The
detection timing setting section 134 sets detection timing
in consideration of the paths selected by the path selector
132. The despreading code generator 136 generates a
déspreading code in response to the detection timing
determined by the detection timing setting section 134. The
multiplier 138 despreads the signal redeived via the antenna
120, and the path selector 132 selects the paths to be
supplied to the RAKE combiner 140 from the received signal.
The RAKE combiner 140 carries out the RAKE combining of the
input paths. The RAKE combined signal undergoes

deinterleaving and the like thereafter. Thus, the finally
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demodulated data is obtained.

Assume that'a communication unit A transmits a signal
to a commupication unit B, and the communication unit B
measures the delay profile of the received signal. 1If the
position of the leading wave can be detected in the measured
delay profile, the distance between the communication unit
A (transmitting site) and the communication unit B
(receiving site) can be obtained. In the example of Figs.
1A and 1B, the leading wave is the path (1).

The delay profile as illustrated in Fig. 1B, however,
is an ideal delay profile, and when an actual delay profile
is measured, the path position remains undeterminable
because of receptioh (detection) timing.

This will be described taking an e#ample of CDMA. The
received signal is received in the form of a signal (c) of
Fig. 3 c_onsisting of a superposition of a signal (a) of Fig.
3 and a spreading code (b) of Fig. 3. The spreading code

(short code) remains invariant for each 5ymbol so that the

‘"delay profile is observed for each symbol. The

observational length for each symbol is commonly called
window width.

.To obtain the delay profile by despreading the received
signal (transmitted signal), waveforms (correlation
outputs) as shown in Figs. 4A and 4B are obtained in which
the paths (A), (B) and (C) are repeated. Thus, the path
position remains undeterminable because of the recepfion
(detectidn) timing. |

For exaniple, actual measurement of the delay profile as
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illustrated in Fig. 1B can provide path position
relationships as shown in Fig. 5A, Fig. 5B or Fig. 1B, which
means that the path alignment is uncertain. Therefore, it
is desired to establish a method of detecting the path
associated with the leading wave. Here, the order of path
(1)—;path (2)—path (3)—path (1) is fixed.

Although one symbol length is commonly much longer than
amaximum delay time, if it is not much longer than the maximum
delay time, the window width can be _equivalently widened by
combining the short code with a long code.

In add;tion, in the actual measurement:df the delay
profile, the waveforms blunt because of a frequency
bandwidth 1limit. The delay profiles as illustrated in Figs.
1B, 5A and 5B are an ideal delay profile when the frequency
bandwidth is infinite. |

Fig. 6 is a diagram illustrating an example where the
delay profile as illustrated in Fig. 1B is actually measured.
The délay-profile as iilustrated in Fig. 6 (on which a
frequency bandwidth limit is imposed) corresponds to the
delay profile as illustrated in Fig. 5A (on which no frequency
bandwidth limit is imposed). As illustrated in Fig. 6, the
waveforms of the delay profile blunt. Acdordinglyy even if
it is found that the mountain-like portion including the path
(1) is the region (1°’) that includes the leading wave, the
position of the leading wave (1) cannot be identified.

Incidentally, the delay profile is cpmtnonly measured by
sampling, and the delay profile as illustrated in Fig. 6 is

a delay profile measured by sampling.
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As é conventional leading wave position detecting method,
there is a method of detecting the position of the leading
wave in terms of the position at which the sampled valﬁe
(received power or the 1like) is maximum. The method, however,
causes many erroneous detection. For example, applying the
method to the case of Fig. 6, it detects the position of the

path (2) as the position of the leading wave.
SUMMARY OF THE INVENTION

It is therefo;e an object of the present invention to
detect the position of the leading wave correctly in the delay
profile.

To accomplish the object of the present invention,
according to the first aspect of the present invention, there
is provided a leading wave position detecting unit for
detecting a leading wave position in a delay profile, the
leading wave position detecting unit comprising: time space
measuring means for measuring time spaces between sampled
values of a delay profile sampled along a delay time axis;
leading position detecting means for detecting a position
of a sampled value immediately after a maximum time space
from among time spaces measured by the time space measuring
means as a leading position; and leading wave position
detecting means for detecting an initial peak position of
the sampled values after the leading position detected by
the leading position detecting means as a leading wave

position.
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Here, the leading wave position detecting unit may
further comprise noise suppressing means for suppressing
noise of the delay profile, and the time space measuring means
may measure the time spaces between the sampled values of
the delay profile with its noise suppressed by the noise
suppressing means.

Here, the sampled'values may be received power values.

Accdrding to the second aspect of the present invention,
there is provided a receiver comprising: time space
measuring means for measurihg time spaces between sampled
values of a delay profile eampled along a delay time axis:;
leading position detecting means for detecting a position
of a sampled value imﬁediately after a maximum time space
from among time spaces measured by the time space measuring
means as a leading position; and leading wave position
detecting means for detecting an initial peak position of
the sampled values after the leading position detected by
the leading position detecting means as a leading wave
position, wherein the delay profile is a delay profile in
terms of paths generated by despreading and dividing, at a
receiving side, a transmitted signal spread using a
spreading code. |

| According to the third aspect of the present invention,

there is provided a leading position detecting unit for
detecting a leading position in a delay profile, the leading
position detecting unit comprising: time space measuring
means for measuring time spaces between sampled values of

a delay profile sampled along a delay time axis; and leading
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position detecting means for detecting a position of a
sampled value immediately afte; a maximum time space from
among time spaces measured by the time space measuring means
as a leading position.

According to the fourth aspect of the present invention,
there is provided a leading wave position detecting method
for detecting a leading wave position in a delay profile,
the leading wave position detecting method comprising: a
time space measuring step of measuring time spaces between
sampled values of a delay profile sampled along a delay time
gxis; a leading position detectiqg step of detecting a

position of a sampled value immediately after a maximum time

'space from among time spaces measured in the time space

measuring step as a leading position; and a leading wave
position detedting step of detecting an initial peak
position of the sampled values after the 1eadiﬁg position
detected in the leading position detecting step as a leading
wave position.

Here, the leading wave position detecting method may
further comprise a noise suppressing step of suppressing
noise of the delay profile, and the time space measuring step
may measure the time spaces between the sampled values of
the delay profile with its noise suppressed by the noise
suppressing stép.

Here, the sampled values may be received power values.

According to the £fifth aspect of the present invention,
there is provided a leading position detecting method for

detecting a leading position in a delay profile, the leading
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position detecting method comprising: a time space measuring
step of measuring time spaces between sampled values of a
delay profile sampled along a delay time axis; and a leading
position detecting step of detecting a position of a sampled
value immediately after a maximum time space f£rom among time
spaces measured by the time space measuring.st'ep as a leading
position.

According to the foregoing configuratiqns , the position
of the leading wave can be detected correctiy in the delay
profile.

The:above_and other objects, effects,:features and
advantages of the present invention will become more apparent
from the following description of an embodiment thereof taken

in conjunction with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A is a diagram illustrating a case where a mobile
station receives a radio wave from a base station antenna
along with radio waves that are reflected or diffracted from
buildings and - the like and arrive at the mobile station;

Fig. 1B is a diagram illustrating an example of a
(propagation) delay profile;

Fig. 2 is a block diagram showing a configuration of a
conventional receiver;

Fig. 3 is a diagram illustrating a received signal;

Figs. 4A and 4B are diagrams illustrating an outline of

delay profile measurement;
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Figs. 5A and 5B are diagrams illustrating reiationships
between path positions when actually measuring the delay
profile as illustrated in Fig. 1B;

Fig. 6 isadiagramillustrating an example when actually
measuring the delay profile as illustrated in Fig. 1B;

Fig. 7 is a block diagram showing a configuration of a
receiver of an embodiment in accordance with the present
invention;

Fig. 8 is a diagram illustrating an example of a delay
profile averaged by an averaging section; |
Fig. 9 is a diagram illustrating an example:when
obtaining a cumulative probability with sampled values;

Fig. 10 is a diagram illustrating a delay profile in

which sampled values considered as noise are removed from

the delay profile as illustrated in Fig. 8; and

Fig. 11 is a diagram illustrating time spaces between
sampled values of the delay profile as illustrated in Fig.
10.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention will now be described with reference to
the accompanying drawings.

Fig. 7 is a block diagram showing a configuration of a
receiver of an embodiment in accordance with the present
invention. The receiver of the present embodiment comprises
a leading wave position detecting unit 10, an antenna 20,

despreading code generators 22 and 36, multipliers 24 and
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38, a delay profile measuring section 26, a path selector
32, a detection timing setting section 34, and a RAKE combiner |
40.

The leading wave position detecting unit 10 compriées
an averaging section 27, a noise level detector 28, an
eliminator 30, a time space measuring section 12, a leading
position detector 14 and a leading wave position detector
16. The leading wave position detecting unit 10 can be
implemented either in the form of hardware, or software using
a DSP (Digital Signal Processor) etc.

Receiving a signalzvia the antenna 20, the multipligr
24 multiplies it by a despreading code generated by the
despreading code generator 22 so that the received signal
is despread and the paths are divided. The delay profile
measuring section 26 measures the received powers of the
divided paths, thereby measuring (producing) the delay
profile. The measurement is carried out by sampling.

Since the measured delay profile includes noise, it is
suppressed through the averaging section 27, noise level
detector 28, and eliminator 30 as follows.

The averéging section 27 carries out (fime) averaging
of the sampled values (received powers in the present
embodiment) of the delay profile (or the delay profile
obtained by carrying out in-phase addition to further
suppress the noise). |

Fig. 8 is a diagram illustrating an example of the delay
profile averaged by the averaging section 27, in which 31

sampled values are shown.
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The noise level detector 28 detects the noise level of
the delay profile. Specifically, it obtains the cumulative
probability of the sampled values, and makes the sampled
value (received power) corresponding to a predetermined
cumulative probébility X [%] anoise level N,. As a concrete
value of X, 50[%] can be used, for example.

Fig. 9 is a diagram illustrating an example when
obtaining the cumulative probability of the sampled values.

The eliminator 30 considers sampled values less than a
path level threshold value L., = N, + AL as noise, and removes
these sampled values from the ﬁelay prbfile, where N, is a
noise level detected by the noise level detector 28, and A
L is a predetermined value that may be zero.

Fig. 10 is a diagram illustrating a delay profile
obtained by removing the sampled values considered as noise
from the delay profile as illustrated in Fig. 8. In the
example as illustrated in Fig. 10, 18 sampled values that
are less than the path level threshold value L., are
considered as noise, and are eliminated. bn the other hand,
13 sampled values (a)-(m) remaih because they are equal to
or greater than the path level threshold value L,,.

To suppress noise, although it is preferable to carry
out the averaging processing (by the averaging section 27)
and the threshold value prodessing (by the noise level
detector 28 and eliminator 30), the averaging processing
and/or threshold value processing can be obviated.

The delay profile undergone the noise elimination by the

eliminator 30 is supplied to the time space measuring section
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12 etc. The time space measuring section 12 measures the
time spaces (widths) between the sampled values of the input
delay profile.

Fig. llisadiagramillustrating the time spaces between
sampled values of the delay profile as illustrated in Fig.
10. In Fig. 11, time spaces
T,~-7,; are illustrated, in which the space 7, between the
sampled values (m) and (a) is represented as the sum of 7T
12 and 7 ,,.

The leading position detector 14 obtains a maximum value
of tl__le time spaces measured by the time space measuring
section 12, and detects the position of the sampled value
immediately after the maximum time space in the delay profile
as the leading position. 1In the .example of Fig. 11, the time
space T, is the maximum value so that the position of the
sampled value immediately after it, that is, the position
of the sampled value (h) is detected as the leading position.

The leading wave position detector 16 detects the
initial peak position of the sample values after the leading
position detected by the leading position detector 14 as the
leading wave position.

A detecting method of the leading wave position by the.
1eadin§ wave position detector 16 will be described in more
detail. It assigns the sampling numbers 1, 2, .. to the

sampled values beginning from the leading position. In the

example as illustrated in Fig. 11, the sampled value (h) is

.assigned a sampling number 1, the sampled value (i) is

assigned a sampling number 2, followed by assigning the
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sampling numbers in a similar way until the sampled value
(g) is assigned a sampling number 13. After assigning the
sampling numbers,.peak detection is carried out beginning
from the sampled value with the sampling number 1. Then,
the (position) of the sampled value with the minimum sampling
number k + 1 (k = 1, 2,.. ) that satisfies the following

condition is detected as the (position) of the leading wave.
E(k) =< E(k + 1) = E(k + 2)

where E(k) ig the sampled value of the samplipg number k.
In the exan;ple of Fig. 11, the sampled value (j) (sampling
number 3) is detected as the leading wave.

Although the present embodiment utilizes the received
power values as the sampled values, this is not essential.
For example, other values such as propagation losses can be
used.

In addition, although it is preferable to employ the
leading wave position detected by the 1éadihg wave position
detector 16 as the leading wave position, the leading
position detected by the leading position detector 14 can
be used as the leading wave position to simplify the system,
in which case, the leading wave position detector 16 can be
removed.

As described above, according to the pres_ent invention,
the position of the leading wave can be detected correctly
in the delay profile. Once the position of the leading wave

has been detected correctly, the distance between the
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transmitting site and the receiving site of the signal can
be obtained. |
The present invention has been described in detail with
respect to a preferred embodiment; and it will now be apparent
from the foregoing to those skilled in the art that changes
and modifications may be made without departing from the
invehtion in its broader aspects, and it is the intention,
therefore, in the appended claims to cover all such changes
and modifications as fall within the true spirit of the

invention.
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WHAT IS CLAIMED IS:

1. A leading wave position detecting unit for detecting a
leading wave position in a delay profile, said leading wave
position detecting unit characterized by comprising:
time space measuring means for measuring time spaces
between sampled values of a delay profile sampled along a
delay time axis;_
leading position detecting means for detecting a
position of a sampled value immediately after a maximum time
space from among time spaces measured by said time space
measuring means as a leading position; and
| leading wave position detecting means for detecting an
initial peak position of the sampled values after the leading
position detected by said leading position detecting means

as a leading wave position.

- 2. The leading wave position detecting unit as claimed in

claim 1, further characterized in that:

noise suppressing meansifor suppressing ndise of the
delay profile, wherein |

s_aid time space measuring means measures the time spaces
between the sampled values of the delay profile with its noise

suppressed by said noise suppressing means.

3. The leading wave position detecting unit as claimed in
claim 1, characterized in that the sampled values are

received power values.
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4. A receiver characterized by comprising:

time space measuring means for measuring time spaces
between sampled values of a delay profile sampled along a
delay time axis; | |

leading position detecting means for detecting a
position of a sambled value immediately after a maximum time
space from among time spaces measured.by said time space
measuring means as a leading position; and.

leading wave positioh detecting means for detecting an
in:;tial peak position of the sampled vglues after the leading
position detected by said leading position detecting means
as a leading wave position, wherein

the delay profile is a delay profile in terms of paths
generated by despreading and dividing, at a receiving side,

a transmitted signal spread using a spreading code.

5. A leadingposition detectingunit for deteéting a leading
position in a delay profile, said leading position detecting
unit characterized by comprising:

time space measuring means for measuring time spaces
between sampled values of a delay profile sampled along a
delay time axis; and

leading position detecting means for detecting a
position of a sampled value immediately after a maximum time
space from among t1me spaces measured by said time space

measuring means as a leading position.
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6. A leading wave position detecting method for detecting

17

a leading wave position in a delay profile, said leading wave
position detecting method characterized by comprisingz

a time space measuring step of measuring time spaces
between sampled values of a delay profile sampled along a
delay tiﬁe axis;

a leading position detecting step of detecting a
position of a sampled value immediately after a maximum time
space from among time spaces measured in said time space
measuring step as a leading position; and

a leading'wave position detecting step qf detecting an
initial peak position of the sampled values after the leading
position detected in said leading position detecting step

as a leading wave position.

7. The 1éading wave position detecting method as claimed

in claim 6, further characterized in that:

.a noise suppressing step of suppressing noise of the
delay profile, wherein

said time space measuring step measures the time spaces
between the sampled values of 'the delay profilewith its noise

supbressed_by said noise suppressing step.
8. The leading wave position detecting method as claimed
in claim 6, characterized in that the sampled values are

received power values.

9. A leading position detecting method for detecting a
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leading posifion in a delay profile, said leading position
detecting method characterized by comprising:

a time space measuring step of measuring time spaces
between sampled values of a delay profile sampled along a
delay time axis; and

a leading position detecting step of detecting a
position of a sampled value immediately after a maximum time
space from among time spaces measured by said time space

measuring étep as a leading position.



