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synch chip timing which Is obtained from the combined delay profile Is fed commonly to recelving units for path diversity
combining.

ek N [ [ [T
R SN ] ] 7 ]
AN 7 7 7 ]
N NS /P T C I P O

R A A
o }\}\-s\\:‘.‘\'\\n. . . -
Al et s ST ML orn \\Q'
" AT NN e .
av .;223‘;%,:‘:-;-:-:-:;‘5’ o A \Q&\HQ\\
AR e e T
N e TN Ty

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 02276430 1999-06-25

ABSTRACT

To synchronize spread spectrum (SS) signal with PN
sequence, even when a Doppler frequency of fading 1s low.
5 Delay profile combining means outputs a combined delay
profile from delay profiles which are outputted from receiving
units. Further, the synch chip timing which i1s obtained from
the combined delay profile is fed commonly to feceiving units

for path diversity combining.
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METHOD AND APPARATUS FOR
RECEIVING SPREAD SPECTRUM SIGNAL

BACKBROUND OF THE INVENTION

1. Technical field of the Invention

The present invention relates to a method and apparatus
for receiving spread spectrum (SS) signal which is to be
synchronized with Pseudo-Noise (PN) sequence for de-
spreading.

2. Description of the Prior Art

The synch chip timing between the spread spectrum (SS)
signal and the Pseudo-Noise (PN) sequence which is used for
de-spreading is detected by independent antennas to combine
the mutipath signalsfrom each anntennas, as disclosed, for
example, 1n JP 9-64845 A (1997).

In a conventional SS signal receiver under direct sequence
(DS) system as shown in Figure 5, independent receiving
units 111 to 11K with antennas 101 to 10K are connected in
parallel with antenna diversity combining unit 121. Here,
recelving units 111 to 11K are identical.

The signal received by antenna 101 and spread spectrum
(SS) sequence from PN sequence generator 6 are inputted
1nto sliding correlation calculation means 7.

T'he calculation of the sliding correlation is a multiplication
and summation concerning with the SS signal and PN
sequence over a prescribed period which is given by one to
several symbol periods in general.

The correlation sequence level outputted from sliding
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correlation calculation means 7 has peaks at the synch chip
timings of a plurality of mutipath signals received by
antenna 101, as shown 1n Figure 2.

Then, the correlation sequence is inputted into correlation
averaging means 8 which averages the correlation values in
each of the chip timings over a prescribed period. Then,
correlation averaging means 8 outputs delay profile 91.

Peak detector means 9 outputs N synch chip timings of the
mutipath signals, by detecting N peaks in delay profile 91.
For example, peak detector means 9 detects N peaks in the
order of their levels which are distant by one or more chips
with each other.

Then, the synch chip timings corresponding to the N peaks
are 1inputted into delay circuits 21 to 2N, respectively.

PN sequence outputted from PN sequence generator 6 is
inputted 1nto delay circuits 21 to 2N, and then, inputted into
multipliers 31 to 3N to be multiplied by SS signal from
antenna 101.

The de-spread SS signals are inputted into coherent
detector means 41 to 4N which compensates for the pkase
shift of de-spread SS signal on the propagation path and are
combined by path combining means 5.

Further, the outputs from path combining means in each of
receiving units 111 to 11K are fed into antenna diversity
combining means 121.

In general, correlation sequence which is outputted from
sliding correlation calculation means 7 has peaks at the
synch chip timings of the muli-path waves received by

antenna 101. The peak levels at the synch chip timings vary
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due to the fading caused by the movement of the connected

mobile station, as shown in Figure 3.

Therefore, it i1s difficult to detect the synch chip timings
due to the fading.

In order to discriminate the peaks of the correlation level of
the synch chip timings from the noise level, the correlation at
each of the chip timings outputted from sliding correlation
calculation means 7 1s averaged over a prescribed period by
correlation averaging means 8. Thus, correlation averaging
means 8 can output delay profile 91 which is clearly
discriminated from the noise level.

However, it takes a long time to complete the averaging

procedure 1n correlation averaging means 8.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention is to provide a
spread spectrum (SS) signal receiver, wherein the synch chip
timings of mutipath signals can be detected rapidly, even
when a doppler frequency 1s low due to a slow movement of a
mobile station.

In the method and apparatus for receiving spread
spectrum (SS) signals of the present invention, SS signals are
received by a plurality of antennas. Then, a delay profile as a
correlation between an SS signal and a prescribed PN
sequence for each antenna is calculated. Then, the delay
profiles calculated for every antenna are combined. Then, the
synch chip timings are detected from the combined delay

profile. Then, the detected synch timings are utilized
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commonly by each receiving unit. Then, each multipath
signal is de-spread on the synch chip timing. Then, the de-
spread multipath signals are combined 1n each recelving unit
to obtain path diversity effect. Finally, the combined
signals in each receiliver units are combined to obtain

antenna diversity effect.

In short, each SS signal received by each antenna
is used to calculate each delay profile 1n parallel, from
which a synch chip timing 1s detected. The detected timing

1s fed commonly to each antenna.

The i1nvention may be summarized according to a
first aspect as a method for receiving a spread spectrum
signal wherein each of a plurality of synch chip timings are
fed commonly to a plurality of receiving units, paths to
each of said receiving units are combined independently, and
the combined paths are combined to obtain a de-spread
output, which method comprises the steps of: receiving said
spread spectrum signal by using a plurality of antennas of
sald receiving units; calculating correlations between said
spread spectrum signal and a PN sequence for each of said
receliving units; combining said calculated correlations

obtained from each of said receiving units; and detecting

said synch chip timings on the basis of salid combined

correlations.

According to a second aspect the invention
provides a method for receiving a spread spectrum signal
wherein each of a plurality of synch chip timings are fed
commonly to a plurality of receiving units, paths to each of
salid receiving units are combined independently, and the

combined paths are combined to obtain a de-spread output,
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which method comprises the steps of: receiving said spread
spectrum signal by using a plurality of antennas of said
receiving units; calculating correlations at a plurality of
chip timings between said spread spectrum signal and a PN
sequence for each of said receiving units; averaging salid
correlations in each respective recelving unit; combining
said averaged correlations obtained from each of said
receiving units; and extracting one or more peaks as saild

synch chips timings from said combined correlations.

According to a third aspect the invention provides
an apparatus for receiving a spread spectrum signal, which
comprises a plurality of receiving units and an antenna
diversity combining element, wherein each of saild receiving
units comprises: an antenna for receiving a spread spectrum
signal; a sliding correlation calculator for calculating
correlations between said spread spectrum signal and a PN
sequence at a plurality of chip timings; a correlation
averaging calculator for averaging the output from said
sliding correlation calculator; an averaged correlation
combiner for combining the outputs obtained from the
correlation averaging calculator of each of said plurality
of receiving units; a peak detector for detecting, 1n the
output from said averaged correlation combiner, one oOr more
peaks as synch chip timings; a path combining receiver for
combining paths of said spread spectrum signal by using said
synch chip timings; and an antenna diversity combiner for

combining the outputs from said path combining receilver.

According to a fourth aspect the invention
provides an apparatus for receiving a spread spectrum signal
wherein correlations between saild spread spectrum signal and

a prescribed PN sequence are calculated independently for

4a
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each of a plurality of receiving antennas in a plurality of
receiving units; wherein synch chip timing 1s detected from
said correlations, said synch chip timing belng used
commonly by each of said receiving units to combine paths to
each of said receiving antennas; and wherein the results of
the combining are combined for path diversity reception of
said spread spectrum signal, which apparatus comprises: a
plurality of receiving units for receiving multipath
signals, calculating said correlations, and outputting a
result of combining said correlations; a delay profile
combiner for combining said results of combining from said
receiving units; a peak detector for detecting one or more
peaks as synch chip timings from said correlations, and
supplying each of said receiving units with said synch chip
timings; and an antenna diversity combiner for combining the

outputs from said receiving units.

According to the present invention, a stable delay
profile can be obtained 1n a shorter period of time, 1in
comparison with the conventional technique wherein the
correlation i1s averaged before combining the delay profiles.
In the present invention, the synch chip timing 1is detected
after combining the delay profiles from a set of i1ndependent

antennas.

Accordingly, the tracking capability can be
improved, even when the synch chip timing varies rapidly,

due to the fast movement of mobile station.

Further, according to the present invention, the
number of peak detector means 1s reduced, because the peak

is detected after combining the delay profiles.

4b
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BRIEF EXPLANATION OF THE DRAWINGS

Figure 1 1is a block diagram of a spread spectrum
signal receiver of the first mode of embodiment of the

present invention.

Figure 2 is an example of three-dimensional chart

of time

4¢C
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dependent correlation sequence versus chip timing.

Figure 3 1s an example of a time dependent peak level of
conventional correlation sequence in conventional receiver.

Figure 4 1s an example of a time dependent peak level of
correlation sequence 1n the present invention.

Figure 5 1s a block diagram of a conventional spread

spectrum signal receiver.

PREFERRED EMBODIMENT OF THE INVENTION

The mode of embodiment of the present invention is
explained, referring to the drawings. The receiver of the
present invention as shown in Figure 1 is provided with delay
profile combining means 122 for combining the delay profiles
from a plurality of parallel receiving units 111 to 11K. On the
basis of the output from delay profile combining means 122,
synch chip timings of mutipath signals are detected by peak
detector means 123. Further, the detected timing is
outputted commonly to receiving units 111 to 11K. Here,
receiving units 111 to 11K are identical.

Receiving unit 111 comprises antenna 101, path
combination receiving means 1, PN sequence generator 6,
shiding correlation calculation means 7, and correlation
averaging means 8.

Path combination receiving means 1 further comprises, a
plurality of delay circuits 21 to 2N, multipliers 31 to 3N,
detector means 41 to 4N, and path combining means 5.

PN sequence generator 6 outputs a prescribed PN sequence

with an arbitrary chip timing.
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Sliding correlation calculation means 7 calculates
correlation sequences between SS signal from antenna 101
and PN sequence from PN sequence generator 6 under a
plurality of chip timings.

The correlation calculated by sliding correlation
calculation means 7 is a summation, over a prescribed period,

of multiplications of SS signal and PN sequence.

Correlation averaging means 8 averages over a prescribed
period the correlation under a chip timing outputted from
sliding correlation calculation means 7, whereby correlation
averaging means 8 outputs delay profile 91 whose peak and
noise are smoothed.

Delay profile combining means 122 combines delay profiles
91 to 9K obtained by receiving units 111 to 11K, respectively,
to output a combined delay profile.

Peak detector means 123 detects N peaks from the
combined delay profile outputted from delay profile
combining means 122 to supply receiving units 111 to 11K
with synch chip timings which correspond to the N peaks.

Delay circuits 21 to 2N delay the PN sequences from PN
sequence generator 6 on the basis of the synch chip timings
from peak detector means 123.

Thus, the PN sequences delayed by delay circuits 21 to 2N
are synchronized with the SS signal.

Multipliers 31 to 3N multiplies, for de-spreading, the SS
signal from antenna 101 by the synchronized PN sequence
through delay circuits 21 to 2N.

Coherent detector means 41 to 4N compensate for the

phase shift of the de-spread signal from multipliers 31 to 3N

6
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and feed path combining means 5 with the output from

coherent detector 41.

Path combining means 5 combines the signals after
coherent detection for each path which is an output of path
combination receiving means 1 for receiving unit 111. The
output of path combination receiving means 1 are fed to
antenna diversity combining means 121.

Antenna diversity combining means 121 combines the
outputs of each path combination receiving means for
receiving units 111 to 11K.

Further, delay profile combining means 122 is explained
here. Here, the correlation peaks at the synch chip timings in
delay profiles are assumed to vary independently with each
other, because the condition wherein the antenna is spaced
sutficiently far apart from each other in comparison with the
carrier wavelength is needed to obtain the antenna diversity
effect. Further, the synch chip timings are assumed in
general to be almost 1dentical for every SS signal received by
independent antennas, because the distance between the
separated independent antennas is small enough for the
carriers 1n the duration of a chip to arrive simultaneously.

In this case, the fluctuation of the correlation peak level
can be suppressed by combining delay profiles 91 to 9K from
receiving units 111 to 11k, using delay profile combining
means 122.

The combined delay profile outputted from delay profile
combining means 122 has an averaged and smoothed level
fluctuation, as shown in Figure 4.

Accordingly, it takes less averaging time period in
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correlation averaging means 8 than the conventional method
and apparatus do.

In other word, according to the present invention, the
synch chip timing can be detected rapidly, and a capability
of following a mobile station can be improved, even when the
synch chip timing varies rapidly, due to the fast movement of
mobile station.

The fastest method amongst wvarious methods for
combining delay profiles in delay profile combining means
122 1s to add the delay profiles at the same chip timing.
According to the fastest method, the peaks in the combined
profile becomes great enough to extract accurately the synch
chip timings, because the noise level which is included only in
a certain delay profile is averaged and reduced in the
combined profile.

Each of the delay profiles may be given a weight before
combining. For example, the correlation levels at a synch chip
timing in the past, preferably, the past which is as latest as
the present time may be summed up. Then, on the basis of
the summation, the weight for each profile is decided.

The summation at the past times approaches the
summation at the present times, when the past times
approaches the present times.

Therefore, the correlation levels at a synch chip timing in
the past which is as latest as the present time are used to
obtain the summation.

The weight i1s made great for the profile which gives a
greater summation, because such a profile is vitally

significant to detect the synch chip timing.
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The weight may be also decided on the basis of the noise
level included in the received SS signal.

In this case, the noise level may be an average correlation
at the chip timing except the present synch chip timing. The
noise level may also be a noise level of a de-spread signal.

The weight 1s made great for the profile which gives a
smaller noise, because such a profile is vitally significant to
detect the synch chip timing.

Also, the weight may be decided on the basis of the ratio of
a noise level of received SS signal to a correlation level in the
past.

The weight 1s made great for the profile which gives a
smaller ratio.

Thus, the synch chip timing is decided on the basis of both
the correlation level and noise level.

Although the present invention has been shown and
described with respect to the best mode embodiment thereof,
1t should be understood by those skilled in the art that the
foregoing and various other changes, omissions, and
additions in the form and detail thereof may be made therein
without departing from the spirit and scope of the present

invention.
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CLAIMS:

1. A method for receiving a spread spectrum signal
wherein each of a plurality of synch chip timings are fed
commonly to a plurality of receiving units, paths to each of
said receiving units are combined i1ndependently, and the
combined paths are combined to obtain a de-spread output,

which method comprises the steps of:

receiving said spread spectrum signal by using a

plurality of antennas of said receiving units;

calculating correlations between said spread
spectrum signal and a PN sequence for each of sald receilving

units;

combining said calculated correlations obtained

from each of said receiving units; and

detecting said synch chip timings on the basis of

sald combined correlations.

2. A method for receiving a spread spectrum signal
wherein each of a plurality of synch chip timings are fed
commonly to a plurality of receiving unlits, paths to each of
salid receiving units are combined independently, and the
combined paths are combined to obtain a de-spread output,

which method comprises the steps of:

receiving sald spread spectrum signal by using a

plurality of antennas of said receiving units;

calculating correlations at a plurality of chip
timings between said spread spectrum signal and a PN

sequence for each of sailid receiliving units;

10
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averaging said correlations 1n each respective

receiving unit;

combining said averaged correlations obtained from

each of said receiving units; and

extracting one or more peaks as said synch chips

timings from said combined correlations.

3. The method for receiving a spread spectrum signal
according to claim 1, wherein said correlations are summed

for every chip timing.

4 . The method for receiving a spread spectrum signal
according to claim 2, whereiln said correlations are summed

for every chip timing.

5. The method for receiving a spread spectrum signal
according to claim 1, wherein each of said correlations 1is
given a weight and each of said correlations multiplied by

sald weight 1s summed for every chip timing.

6. The method for receiving a spread spectrum signal
according to claim 2, wherein each of said correlations 1s
given weight, and each of said correlations multiplied by

sald weight 1s summed for every chip timing.

7. The method for receiving a spread spectrum signal
according to claim 5, wherein sald weight 1s determined on

the basis of past correlations.

8. The method for receiving a spread spectrum signal
according to claim 6, whereln said weight 1s determined on

the basis of past correlations.

11
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the basis
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The method for receiving
to claim 5, wherein said

of a noise of the spread

The method for receiving
to claim 6, wherein said

of a noise of the spread

The method for receiving

to claim 5, wherein said

a spread spectrum signal
welght 1s determined on

spectrum signal.

a spread spectrum signal
welght 1s determined on

spectrum signal.

a spread spectrum signal

welght 1s determined on

the basis of a ratio of past correlations to a noise of the

spread spectrum signal.

12.

The method for recelving

a spread spectrum signal

according to claim 6, wherein said welght 1s determined on

the basis of a ratio of past correlations to a noise of the

spread spectrum signal.

13.

signal,

An apparatus for receiving a spread spectrum

which comprises a plurality of receiving units and

an antenna diversity combining element, wherein each of said

receiving units comprises:

an antenna for receiving

a spread spectrum signal;

a sliding correlation calculator for calculating

correlations between said spread spectrum signal and a PN

sequence at a plurality of chip timings;

a correlation averaging calculator for averaging

the output from said sliding correlation calculator;

an averaged correlation combiner for combining the

outputs obtained from the correlation averaging calculator

of each of said plurality of receiving units;

12

L T P RO P T I L IR T 1| S P T Tl O TPt ar T P I TR L T T ey N N R T T LI T P TR T T T TP L e TR I T T TE I ST T LT L TP T T T P T T T S T P T T T . .



10

15

20

CA 02276430 2002-03-05

74935-22

a peak detector for detecting, in the output from
said averaged correlation combiner, one or more peaks as

synch chip timings;

a path combining receiver for combining paths of
salid spread spectrum signal by using said synch chip

timings; and

an antenna diversity combiner for combining the

outputs from said path combining receiver.

14. An apparatus for receiving a spread spectrum
signal wherein correlations between salid spread spectrum
signal and a prescribed PN sequence are calculated
independently for each of a plurality of receiving antennas
in a plurality of receiving units; whereilin synch chip timing
is detected from said correlations, said synch chip timing
being used commonly by each of said receiving units to
combine paths to each of said receiving antennas; and
wherein the results of the combining are combined for path
diversity reception of said spread spectrum signal, which

apparatus comprises:

a plurality of receiving units for receiving
multipath signals, calculating said correlations, and

outputting a result of combining said correlations;

a delay profile combiner for combining said

results of combining from said receiving units;

13
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a peak detector for detecting one or more peaks as
synch chip timings from said correlations, and supplying
each of said receilving units with saild synch chip timings;

and

an antenna diversity combiner for combining the

outputs from said receiving units.
SMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS

14
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