1o

15

20

25

200102522-0

05 APR 2001

~* BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

The pre_sent invention relates generally to a method and
an apparatus for measurement of communication qué_lity in a
mobile communication system nsing_ a CDMA cellular system. More
particularly, the invention relates to a method and an apparatus
for measuring desired signal power, interference si'gnal power,
SIR and propagation paths between transmitter and receiver, as
communicétion quality'. Also the invention relates to a me_'thod
and a system for detéction of synchronization suiiéable for
measuring communicatlio'n_ quality using channels si;read by

relatively long known spreading code constantly transmitted by

installed base stations.
DESCRIPTION OF THE RELATED ART

In CDMA cellular system, it is required to detect a
synchronization chip timing of a 'channel to measure, namely a
reception chip timing in. conventional measurement 6f
communication quality (propagation characteristics). It
should be noted that the reception chip timing is premised i:o

match with a position of a path between transmitter and receiver

- in time effective for communication. Next, for setting a
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correlation detector called as finger for the reception chip

timing for deriving a received signal vecfor in the reception

chip timing from a correlation value.

Fig. 1 shows a process for deriving a desired signal power
and an interference signal power. The signal vector set forth
above is a sum of the desired signal and the interferenée signal.

Therefore, a received signal vector obtained within a certain

.given period' (normally about 3 to 5 symbols) is summed and

averaged to take obtained vector as a desired siéx_lal vector.
The desired signal pbwer is derived as a power of the desired
signal vector. The interference signal vector is derived from
a variance of the received signal vector with taking the desired
signal vector as reference. Here, the chip length to be used
in correlation is referred to as one symbol. |
Effective paths between transmitter and rece:i:vér presents

in about three to five paths in urban area in ge;xeral (here,

chip rate is about 4 Mcps). Accordingly, in order to obtain the

desired signal power, the interference signal power;—and SIR for
all of the effective paths, correspon&ing numbér of fingers are
required fo be not effective. On the othér hand, wvector
averaging is included during process of measurement, it is
essential thaj: the symbol to be used for averaging is "a symbol
which can be regarded to have the same phase of the desired signal
vector". Normally, the symbol continuous in time is used.
However, the condition is different when a transmit diversity
is applied to the channel to be measured.

For example, when the channel to be measured is taken as

a common pilot channel when the transmit diversity is applied,
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at first, the received signal vector after correlation detection
is added and .subtracted by preced_ing and following symbols to
separate into received signal vector per each transmission
antenna. Next:., -the desired signal power and thé interference
signal power are derived by performing the foregoing calculation

per each received signal vector. By combining the ‘desired

signal powerl and the interference signal power obtained for each

transmission antenna, the desired signal power _an_d the
interference signal power upon use of the tr‘ansm:ﬁ: diversity
is derived. - |

During this process, thé received signal vector for each

transmission antenna can be obtained only at every two symbol

~period. Accordingly, number of samples to be used in averaging,

namely number of received signal vectors, becomes smallér in
comparison-with the case where the transmit diveréity is not
applied, to degrade measurement precision for each i:::"ansmission
antenna. When number of samples is set to be the‘—:s~ame number
as that when the transmit diversity is not ap_plig&, phase

variation of the desired signal vector due to fading becomes

not ignorable. Naturally, the measurement precision for each

transmission antenna is lowered, the measurement precision

after final combination is also lowered.

On the other hand, when a measurement system is installed

on a mobile measurement vehicle for measuring communication

quality while moving, the path position between transmitter and
receiver is moved per each path according to movement of the
mobile measurement vehicle. Accordingly, upon measuring,'

detection of reception chip timing has to be constantly
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performed and positi'on of the finger has to be updated. When

updat'ing speed is low relat.ive to movement of the path, the
reception chip timing and path position can be offset;
Therefore, ob'l;ained .measured value cannot be correct.

As a method for detection of synchronization chip timing,
namely a method that the mobile equipment detects of
synchronization with the connecting base station at a preceding

stage to perform measurement of communication quality, so-

'c'alled 3-step cell search method is used in a Wide band CDMA

(hereinafter referred to as W-CDMA) cellular system. More
particularly, so-called 3-step cell search method is a method
performing detection of synchronization using three channels

of PSCH (Primary Synchronization CHannel), SSCH (Secondary

-'Synchfonizaj:ion CHannel), CPICH (Common Pilot CHannel)

transmitted from the base station. A cause why thrée channels
are used by the 3-step cell search method is that—__'-.the code of
the channel transmitted £rom the base station (scrai_tfi_azl.ing cdde)
is unknown. )

However, in measurement system or the like, in which the
base statibn as object for measurement (objective scramblihg
code), the 3-step cell search mefhod cannot be effective
synchronization detection method. For example, when CPICH
transmitted from thé base station is used as channel to be
measured, detection of synchronization may be performed by using
only scrambling code, in which CPICH of the base station as object
for measurement is spread. | '

On the other hand, when it is not necessary to perform

communication between the base station and the mobile equipment
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immediately after detection of synchronization and when the

synchi:oni-zation chip timing may be determined with a certain
range, complete sync_hrdnization detection is not required.
Furthermore, :i:t-is possible to perform measuremerét of a service
area by installing pseudo base station in advance of actual
installation of the base st_ation'. In such case, ;if is not
efficient to transmit three channels corresponding PSCH, SSCH
and CPICH bj the pseudo base station for meésurem_ent.

By the '_conventionai method, for measuring cdﬁununication
quality (propagation charactei'istics) af ‘high precision,
correlation detectors called as fingers are provided in number

corresponding to number of the paths, and installation position

. of each finger (reception chip timing) has to be certainly

matched with the position of the path. Also, it is not efficient
for constraint condition for number of samples and sampling
interval upon deriving the desired signal power,__-. the
interference signal power in each reception chip—ri:-iming.

On the other hand, it is not efficient in tha;: number of
samples and sampling interval are different depending upon
whether tfansmit diversitf is applied or not.

Furthermore, in the conventional method, ﬁpon performing
detection of synchronization of the channel to be meaéured,

channel other than the channel to be measured is required to

be inefficient.
SUMMARY OF THE INVENTION

The present invention has been worked out the problems set R
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forth above. It is therefore an object of the present invention

is to provide a communiCation quality measuring method and an

‘apparatus for measurement of communication quality (propagation

characteristiés-) with high precision and'high'éfficiency by
takirig all chip timing in a range set at a reception chip timing
detected in a preliminary .step ‘of measurement, and Qenerating
two time series having several period of time difference from
a received signai vector of the same chip timing ob_ta;l.ned within
a certain given period. ' _ : -_

Another ob.ject of i:he present invention is to provide a
synchronization detecting method and apparaifus which can

perform detection of synchronization for measurement at high

. speed, high precision and high reliability.

A further object of the present invention to provide a
synchronization detecting method and apparatus which can
perform detection of synchronization for measurer-nent at high
speed, high precision and higl; reliability while‘—:t-ransmit
diversity is applied. | )

In order to accomplish the above-méntioned object,
according _to the 1st invention, a communication quality
measuring method in CDMA cellular system detecting a reception
chip timing of a channel to be measu:ped and méasuring
communication quélity, com‘prises; time series generating step
of generating two series of dai:a consisted of a time series data
of a detected value and a time series data delayed for one, two
or more periods, with respect to the reception chip timing where

the detected value becomes the same; matrix calculation step

of deriving covariant matrix of the two series data generated
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in the time series génerating step; first power calculating step

of deriving .a desired signal power and an interference signal
power in the reception chip timing 'from eigenvalues of the |
covariant mat-ri-x; and SIR calculating step der:j.ving a SIR at
the reception chip t:Lming from the desired signal power and the

interference signal power. With thismethod, the desired signal

power, the interference signal power and SIR can be measured

without restriction of sample number and sampling interval in

series. _

According to the 2nd invention, a communication quality
measuring method in CDMA cellular system detectihg a reception
chip timing of a channel to be meesured and. measuring
communicatior; quality, comprising: time series generating step
of generating two series of data consisted of a time series data
of a detec{:ed vallie and a time series data delayecl——fer one, two
er more periods, with respect to the reception chip ‘_timing where
the detected value becomes the same; adding step‘—'gf deriving
an add vector from .addition of received signal véc_:i:_or between
two points close in reception timing when the two sei:ies data
generated -in the time series generating step becomes a
particular correlation value; subtracting step of deriving a
difference vector from a difference of received signal vectors
between two points close in receptioh timing; second power
calculation step of deriving a desired signal power and an
J.nterference signal power by averaging the add vectors and the
difference vectors; and SIR calculating step deriving a SIR at
the reception chip timing from the desired signal power and the

interference signal power. With this methqd, the desired signal
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power, the interference signal power and SIR can be simply and

precisely measured wit'hou,t restriction of sample number and
sampling interval in series.

Aecordiﬂg to the 3rd invention, in the 1st and; 2nd invention,
a commuhication quality measuring method in CDMA cellular system
further comprises third power calculation step of ;deriving.an
averaged desired signal power and an averaged interference
signal power by performing aire:_'_:aging_ in a given peri_od from the
desired signal power and the in-t_erferenee signal poﬁer obtained
in a first power calculation step and the second power

calculation step, and in the SIR calculation step, the SIR is

‘derived from the averaged desired signal power and the averaged

interference signal power. |

According to the 4th invention, in the 1st and 2nd invention,
when the chennel to be measured is plural and only one-cerrelation
detector is use.fui, correlation detection of a piurality of
channels are performed in time division for gene‘;;ting two
series generated in the same reception chip timing per channel.

According to the 5th invention, in the 4th invention, a
comtnunication quality measuring method in CDMA cellular system
further compr:ises fourth power calculation step of deriving an
averaged desired signal power and an- averaged interference
signal power by-averaging a given period from the desired signal
power and the interference signal i)ower obtained in the fJ;.rst
power calculation stei) and a second power calculation step, and
in the SIR calculation step, the SIR is derived from the averaged

desired signal power and the averaged interference signal power.

According to the 6th invention, in the 3rd invention, when
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the chaﬁnel to be imeéasured is plural and only one correlation
detector is useful, in the third power calculating step, the
averaged desired signal power and the average interference
signal. power 'ére derived in time division, and;in the SIR
calculation step, the SIR of a pluraliiiy of channels are derived |

in time division.

According to the 7th invention, in the 1st and 2nd invention,

the communication quality measuring method in CDMA cellular

system further comp:;iseé path detection step of dei:iving paths

. of transmitter and receiver to be effective for communication

from a value of the SIR obtained in the SIR calculation step.

With this method , judgment whether the measured reception chip
timing from the measured based on the vaiue of measured SIR
matches the position of the path effective for comlﬁunication,
or not, is gacilitated. 'On the other hand, when al]:-éhip timing
in the meas_uremeni; window including the detected re_ception chip

timing are taken as object for measurement, effective path can

be derived from the value of SIR of each chip. )
According to the 8th invention, a communication quality

measuring épparatus in CDMA cellular system dgtecting a

reception chip timing of a channel to be measured and measuring

~communication quality, comprising: time series generating means

for generating two series of data consisted of a time series
data of a detected value and a time series data delayed for one,
two or more periods, with respect to the reception chip timing
where the detected value becomes the same; matrix calculation
means for deriving covariant matrix of the two series data

generated in the time series generating means; first power
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calculating means for deriving a desired signal power and an

interference signal power in the reception chip timing from
eigenvalues of the covariant matrix; and siR calculating means

deriving a SIR at the reception chip timing from the desired

-signal power and the interference signal power. With this

method, the desired signal power, the interference signal power
and SIR can be measured without restriction of sample number
and sampling interval in series. _

According to the 9th inver'rl:ion,. a comunicai%i.on quality
measuring apparatus in CDMA cellular system detecting a
reception chip timing of a channel to be measured and measuring
communication quality, cbmprises: time series generating means
for generating two series of data consisted of a time series

data of a detected value and a time series data delayed for one,

- two or more periods, with respect to the reception—'éhip timing

where the detected value becomes the same; adding means for

deriving an add vector from addition of received signal vector

‘between two points close in reception timing when the two series

data generated in the time series generating means becomes a
particular. correlation value; subtracting means for deriving
a difference vector froma d:l._fference of received signal vectors
between two points close in reception timing; second power

calculation means for deriving a desifed signal power and an
interference signal power by averaging the add vectors and the
difference vectors; and SIR calculating means deriving a SIR
at the reception chip timing from the desired signal power and
the interference signal power. Wi.th this method, the' desired

signal power, the interference signal power and SIR can be simply
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and precisely measured without restriction of sample number and

sampling interval in series.

According to the 10th invention, in 8th or 9th invention,

- the communication quality measuring apparatus in CDMA cellular

system further comprises third power calculation means for
deriving an averaged desired éignal power and an ;aireraged

interference signal power by performing averaging in a given

period from the desired signal power and the :i.nterfer_ence signal

power obtained in the f£irst power calculation means and a second
power calculation means. )

According to the 11th invention, in 8th or 9ti1 invention,
when the channel to be measured is plural and only one ?cbrralation
detector is useful, the time series generating means derives
the averaged desired signal power and the average interference
signal power in time division",‘ and the SIR calcu-lation means
derives the SIR of a plurality of channels in time division.

According to the 12th im:rention, in the lltl;:.;mvention,
tha communication quality measuring apparatus in CDidA cellular
system further comprises fourth power calculation means for
deriving aa averaged desired signal power and an averaged
interference signal power by averaging a given period from the |
desired signal power and the interference signal power obtained
in the first power calculation means and a second power
calculation means.

According to the 13th invention, in the 10th invention,

the communication quality measuring apparatus in CDMA cellular

- system comprises third power calculation means for deriving an

averaged desired signal power and an averaged interference
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signal power by performing averaging in a given period from the

desired signal power and the interference signal power obtained

‘in a first power calculation means and the second power

calculation méans. :

According to the 14th invention, the communication quélity
measuring apparatus in CDMA ceiiular system further 'comprises
path detection means for deriving paths between transmitter and
receiver to be effective for communication from a value of the
SIR obtained in the SIR calculation means. With :1-:his
construction, judgment can be done easily whether the reception
chi;l)' timing measured from the value of the measured SiR matches
with the position of the path effective for communication or
not. Also, when all chip timing in the measurement window

including the detected reception chip timing is taken as object

for measurement, effective paths can be derived frorﬁ the value

of SIR of each chip.

According to the 15th invention, a connnunicai_:ian quality
measuring method detecting reception chip timing of— channel to
be measured repeatedly tra_nsmitted'a transmission symbol series
of a known .pattern and performing measurement of communication.

quality, comprises: correlation detection step of performing

- correlation detection of received signal using a code series

spreading the channel to be measured; delay step of delaying

-~ one of received series detected in the corrélation detection

step for one, two or more symbol period within a range where
mutual correlation between transmission symbol series is 1 and
influence of a propagation path can be regarded as the same;

vector caiCulation'step of calculating difference vector and
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add vector from difference value and add value of respective

received signal vectors of the same réception chip timing in
the other received series detected by the correlation detection
step and the received series provided delay in the delay step:

and communication quality calculation step of calculating a

' desired signal power, an interference signal power and SIR from

the difference vector and the add vector calculated in the vector

calculation step. With this method, by providing a time

. difference within a range where the correlation between the

transmission symbol series is 1 and influenc_:e of the propagation
path can be regarded as the same, the desired signal power, the
.interference signal power and SIR can be simply and precisely
measured.

According to the 16th invention, a communication quality

measuring method detecting'recéption chip timing of -channel to

be measured repeatedly transmitted transmission sizmbol series
of respectively different known}pattern using com:tioTn- spreading
code from different antehnas upon use of transmit d:h—rersity and
performing measurement of communication quality, compfises:

correlatio;l detection step of performing correlation detection

of received signal using a code series spreading the channel

- to be measured; delay step of delaying one of received series

detected in the correlation detection step for one, two or more
symbol period within a range where mutual correlation between
transmission symbol series iri the different antennas is 1 and
influence of a propagation path can be regaided as the same;

vector calculation step of calculating difference vector and

add vector from difference value and add value of respective
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received signal vectors of the same reception chip timing in

the other received series detected by the correlation detection
step and the received series provided delay in the delay step:;
and comm_unicafion quality calculation step of qalculating a
desired signal power, an interference signal power and SIR from
the difference vector and the add vector calculated in the vector
calc-ulatibn step. With this method, the desired signal power,
the interference signal power -and SIR of the ch_anpel to be
measured and applying the traﬁsmit diversity, can; i)e measured
precisely and easily. ) _

- According to the 17th invention, in the 15th invention,
the communication quality measuring apparatus further comprises
vector selection step of selecting only result of calculation
at the same reception chip 'timing of received symbol matching
respective.transmission symbols of the different anfenna among
difference vector and add vector calculated in the vector
calculation step when a mutual c_orrélation between t?'a—msmission
symbol series is smaller than one. .-

According to the 18th invention, in the 16th invention,
the comunication quality measuring apparatus further comprises
vector Selectidn step of selecting only result of calculation
at thé same reception chip timing of ;:eceived symbol matching
respective transmiss:‘_.on.symbols of the different antenna among
difference vector and add vector calculated in the vector
calculation ste§ when a mutual correlation betwéen transmission
symbql series in the different antenna is smaller than one.

According to the 19th invention, a communication quality

measuring apparatus detecting reception chip timing of channel
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' to be measured repeatedly transmitted a transmission symbol

series of a known pattern and performing measurement of

communication qual:.ty, comprises: correlation detection means

~ for perform:.ng correlation detection of received signal using

a code series spreading the channel to be measured; delay means
for delaying one of received sefies. detected in the §6rre1atipn
detection step for one, two or more symbol period within a range.
where mutual correlation betwegn transmission symbql series is
1 and influence of a propagation path can be regéfded as the
same; vector calculation means for calculating difference
vector and add vector from difference value and add value of
respective received signal vedtors of the same reception chip
timing in the other receiw}ed series detected by the correlation
detection step and the received series_ provided delay in the
delay step: and communication "quality calculation -means for
calculating a desired signal power, an interférence_'signal power -

and SIR from the difference vector and the add vector calculated

in the vector calculation si:ep. With this method, bir providing

" a time difference within a range where the correlation between

the transmission symbol series is 1 and influence of the
propagation path can be regarded as the same, the desired signal
power, the interference signal power and SIR can be simply and
precisely measured.

According to the 20th invention, a communication quality
measuring apparatus detecting reception chip timing of channel
to be measured repeat'ed_ly transmitted transmission symbbl
series of respectively different known pattern using .common _

spreading code from different antennas upon use of transmit
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diversity and performing measurement of communication quality,

comprises: correlation detection means for performing

- correlation detection of received signal uSing a code series

spreading the channel to be measured delay means for delaying

-one of received series detected in the correlation detection

step for one, two or more symtiol period within a range where
mutual correlation between ‘transmission symbol series in the
different antennas is 1 and infiuence of a propagation path can
be regarded as the same; vector calculation means for
calculating difference vector and add veqtor from difference
value and add value of respective received signal vectors of
the same reception chip timing in the other received series
detected by the correlation detection step and the received
series provided delay in the delay step: and communication
calculation quality means for calculatinga desired-signal power,
an interference signal.power and SIR from the 'difference vector
and the add vector calculated 1n the vector cal_cu]—.'ation step.
With this method, the desired signal power, the i_nterference
signal power and SIR can be measured more precisely. With this
method, the desired signal power, the interference signal power
and SIR of the channel to be measured and applying the transmit
diversity, can be measured precisely and easily. |
According to the 21st invention, in the 19th invention,
the communication quality measuring apparatus further comprises
vector selection means for selecting only result of calculation
at the same reception chip timing of received symbol lnatching

respective transmission symbols of the different antenna among

. difference vector and add vector calculated in the wvector
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calculation step when a mutual correlation between transmission

symbol series is smaller.than one. With this construction, the
desired s:.gnal power, the interference signal power and SIR can
be measured more precisely. .

According to the 22nd invent_:i.on, in the 19th invention,
the communication gquality measuring apparatus furfher-comprises
vector selection means for selecting only result of calculation
at the same reception chip tJ.mJ.ng of received symbol matching
respective transmission symbols of the different antenna among
difference vector and add vector calculated in the vector
calculation step when a mutual correlation between transmission
symbol series in the different antenna is smaller thanone. With
this construction, the desired signal power, the interference
signal power and SIR can be measured more precisely. With this
conetructipn, the desired signal power, i:he interference signal
power and SIR can be measured,_._more precisely. E

According to the | 23rd invention, for measur_:fng
communication quality in a mobile receiving station in a mobile
communication system employing a CDMA cellular system, using
channel spread with spreading code and constantly transmitted
from a base station, a sjrnchronization detecting method in CDMA

cellular system comprises the step of: in the mobile receiving

station, determining a synchronization chip timing of a channel

to be measured by detecting partial correlation value between
spreading code to be measured and a received signal. With this
method, since the partial correlation value is derived between

rhe spreading code of the channel to be measured and the received

signal, three channels are not required for synchronization
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detection.

According to the 24th invention, in the 23rd invention,
a matched filter is used upon detection of the partial
correlation vélue and a sYnchrohization chip timing of the
chahnel to be measured is detedted by sequentially rewriting
the code in the matched filter. With this method,
synchronization detection using the partial correlation value
can.be performed at high speed, high precision and high
reliability.’ -

According to the 25th invehtion, in the 23rd and 24th
inventions, an averaging period and sampling period are
preliminarily set in advance of performing the synchronization
detection, and the synchronization chip timing of the chapnel
to be measured is determined on the basis of a value derived
by averaging of detected pluralj:ty of partial correlafion values

in the averaging period by detecting the partialldetection

values per set sampling period.
According to the 26th invention, in the 25th—invention,
upon averaging process of the detected plurality of partial

correlation values, the synchronization chip timing of the

'channel to be measured is determined using an averaged value

by preliminarily calculating the averaged value by power
averaging procesé or vector averaging process.

According to the 27th invention, in the 26th invention,
the synchronization chip timing of the channel to be measured
is determined by enabling setting of process of the averaging
process for a plurality of times and using the averaged value

derived by a plurality of times of averaging process by the same
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or different averaging method in each process.

According to the 28th invention, the steps of performing
synchronization chip timing detection process for a plurality
of times as defined in any-one'df 23rd to 27th, and ma;king judgment
whether synchronization chip timing of a channel to be measured
is to be determined using an average value of a 'p.:l.ﬁrality of
timing value and a standard deviation value, the synchronization

chip timing of the channel to .be measured is determined with

providing a 'g_iven range, or synchronization detection is to be

performed again. With this method, correctness of the detected
synchronization chip timing can be easily judged. Also, upon
performing measurement of communication quality using_ the
measurement window, position and width of the window can be
determined. |
Acco:::ding to the 29th invention, for measurihg

connnunicatj.on'quélity in a mobile receiving statiori_‘ in a mobile
communication system employing a CDMA cellular sygizem, using
channel spread with spreading code and constantly fransmitted

from a base station, a synchronization detecting device in CDMA

cellular system comprisesé 'the mobile receiving station

including means for detefmining a synchronization chip timing

of a channel to be measured by detecting partial correlation
value between spreading code to be measured and a received signal.
With this method, since the partial correlation value is derived

between the spreading code of the channel to be measured and

- the received signal, three channels are not required for

synchronization detection.

According to the 30th invention, in the 29th invention,
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the means includes a matched filter is used upon detection of

the pai:tial correlation value and a synchronization chip timing
of the channel to be measured is detected by sequentially
rewriting the code in the matched filter. With this
construction, 3ynchronization detection using partial
correlation can be performed at high speed, high.p;eéision.and
high reliability.

According to the 31st invention, the 29th and 30th
inventions, the means prelimiﬁarily sets an aﬁerééing period
and sampling period in advance of performing the éynchronization
detection,.and determines the synchronization chip timing of
the channel to be measured on the basis of a value derived by
averaging of detected plurality of partial correlation values
in the averaging period by detecting the partial detection
values pepfset sampling period. -

According to 32nd invention, in the 31st invéﬁtion, upon
averaging process of the detected plurality of pggfial
correlation values, the means determines the synqﬁronization
chip timing of the channel to be measured using an averaged value
by pfeliﬁiharily calculating the avéraged value by power .
avéraging process or vector averaging process.

According to the 33rd invention, in the 32nd invention,
the means determines the.synChronization chip timing of the
channel to be measured by enabling setting of process of said
averaging process for a plurality of times and using the avéraged

value derived by a plurality of times of averaging process by

| the same or different averaging device in each process.

According to the 34th invention, a synchronization
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detecting device in CDMA cellular system comprises means for

performing synchronization chip timing detection process for
a plurality of times as defined in any one of the 29th to 33rd
inventions, and- making judgment whether synchr@nization chip
timing of a channel to be méasured is to be determined using
an average value of a plurality of timing value and a standard
deviation value, the synchronization chip timing of the channel
to be measured is determined with providing a given range, or
synchronizat._{on detéction is to be performed again'.. With this
method, correctness of the detected synchronization chip timing
can be easily judged. Also, upon performing measurement of
communication quality using the measurement window, ﬁosition
and width of the window can be determined.

According to the 35th invention, in a mobile communication
system employing CDMA cellular systéem using a comnion pilot
channel constantiy transmitted from a base station.in a mobile

communication system upon use -of transmit diversity for

measuring communication quality in a mobile stati_nn being

measured, a synchronization detecting device comprises: the
mobile stai:ion separating feceived signal vector obtained by
correlation detection of received signal per symbol into
received signal vector p'er transmission antenna by performing
addition and subtraction before and after symbol, and
determining synchronization chip timing on the basis of a value
derived by addition of the received signal vector in power. With
this nnethod, since thé pértial correlation value is derived
between the spreading code of the channel to be measured and

the received signal, three channels are not required for
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synchronization detection. '

According to the 36th invention, in the 35 invention, the
synchronization chip timing is determined on the basis of a value

derived by ad&ition of an average vector derivet;l by averaging

- received signal vector pér each of a plurality transmission

antenna obtained over a plurality of period with tgk}i.ng a unit
where symbol pattefn of signals transmitted from a plurality
of transmission antenna becomes orthogonal between antennas.

According to the 37th i;avention, synchﬁroniz':a-.tion
detecting method in CD_MA system determining synchronization
chip timing on the basis of a value derived by performing
synchronization chip timing detection process defined in 35th
or 36th invention for a plurality of times and pérforming
addition of obtained plurality of powers.

Acco:;ding to the 38th invention, ina mobile cemmunication
system employing Ci)MA cellular system using a c6nﬁon pilot
channel constantly transmitted from a base stationT:i:n a mobile
communication system upon use -of transmit divers:@.i:y for
measuring communication quality in a mobile station being
measured, é synchronization detecting device comprises: the
mobile station separating received signal vector_ per separating
received signal vector obtained by detecting correlation per
symbol by performing addition and subtraction before and after
symbol, and determining synchronization chip timing on the basis
of a value derived by addit.ion of the received signal vector
in power. With this method, since the partial correlation value
is derived between the spreading code of the channel to be

measured and the received signal, three channels are not
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required for synchronization detection.

'According to the 39th invention, in the 38th invention,
the means determines the synchronization chip timing on the

basis of a value derived by addition of an average vector derived

by averaging received signal vector per each of a plurality

transmission antenna obtained over a plurality of périod with
taking a unit where symbol pattérh of signals transmitted from
a plurality of transmission antenna becomes orthogopal between
antennas. _ | N |
According to the 40th invention, a synchronization
detecting device in CDMA system determining synchronization
chip timing on the basis of a value derived by performing
synchronj.zation chip timing detection process defined in 38th
or 39th inventions for a plurality of times and performing
addition of obtained .plurality‘ of power. -
According to the 41st inve_ntion, in a mobile communication
system employing CDMA cellular system using a coit—li#il;m pilot
channel constantly transmitted £from a base station_:—Ln a mobile
communication system upon use of transmit diversity for
meésuring ;:ommunicai:ion quality in a mobile station being
measured, a communication quélity measuring method comprises:
in the mobile station, received signal vector obtained by
correlation detection of received -signal per symbql being
separated into received signal vector per transmission antenna

by performing addition and subtraction before and after symbol,

and a desired signal power, an interference signal power and

SIR being calculated by deriving add vector and difference

vector of two received signal vectors épaced for a plurality
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of symbol periods per transmission antenna, and performing

averaging process of the add vector and the difference vector.
With this method, when the symbol period for deriving the add
vector and the- difference vector at two symbols, _?zhen the phase
variation of the desired signal vector due to fading within the

two symbol period can be ignored, measuring preci_sion can be

improved in proportion to sample number.

According to the 42nd invention, in the 41st invention,
the add vector and the d:i.fference vector are derii;ed from the
received signal vector of one transmission antenna and the
desired signal power, the iﬁterference signal_ power .and SIR are
derived by adding a predetermined correction value. |

According to the 43rd invention, in the 42nd invention,
the desired signal power and the interference signal power are
averaged, end the desired signal power, the interference signal
power and SIR are calculated by adding a predetern'lined

correction value. | -
According to the '44th invention, in a mobile co;ﬂmunication
system employing CDMA cellular system using a common pilot

channel constantly transmitted from a base station in a mobile

- communication system upon use of transmit diversity for

measuring communication quality in a mobile station being
measured, a commﬁnication ‘quality measuring apparatus
comprising: the mobile station includes means for receiving
received signal vector obtained by correlation detection of
received signal per symbol being separated into received Signal
vector per transmission antenna by performing addition and

subtraction before and after symbol, and calculating a desired
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signal power, an interference signal power and SIR by deriving

add vector and difference vector of two received signal vectors

spaced for a plurality of symbol periods per transmission

-antenna, and performing averaging process of the add vector and

the difference vector. With this method, when the symbol period
for deriving the add vector and the difference ve_cfor at two
symbols, when the phase variation of the desired signal vector
due to fading within the two symbol period can _be_ ignored,
measuring precision can be' improved in proportio'ilx. to sample
nﬁmber.

According to the 45th invention, in the 44th invention,’
the means derives the add vector and the difference vector from
the received signal vector of one transmission antenna and’
derives the desired signal power, the interference signal power
and SIR by adding a predetermined correction val-ué.

According to the 46th invention, in the 45th invention,
the means averages the desired signal power and the i:ii:erference
signal power, and calculates the de_sii:ed signal p;)wer, the

interference signal power and SIR by adding a predetermined

correction wvalue.

As set forth above, according to the present inventioh,
the communication quality (propagation characteristics) can be
measured with high precision by generating the time series data
of the received signal vector at the same reception chip timing
obtained in Certain given period and the time series data shifted
the data in time for several periods. Also, by performing
communication quality measurement using the measui:'ement window,

without depending upon variation of the path between transmitter
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and receiver (number and position) to be caused in actual

environment, moving measurement of the communication quality
at high precision and high efficiency becomes possible and path
number and pos-itions thereof can also be measuréd accurateiy.

On the other hand, according to the present invention, |
since only channel to be measured is used, synch:r;ohizai:ion
detection for measurement can be done at high speed, high
precision and high -reliabilit_y. Also, in case of_
synchronization detection under the premise of cc;ﬁmunication
quality measurement using the measurement window, only position
and window width of the. measurement window is required. Thus,
complete synchrbnization deteétion is not required. |

Furthermore, according to the present invention, even when
transmit diversity is applied, synchronization detection at
high speed, high precision and high reliability.- 'Also, , |
measurement of th_e communication quality at high p-x_'écis:i.on can
be done at high speed and high efficiency. -

The above and other objects, effects, featu;r.:es and

advantages of the present invention will become more apparent

. from the following description of embodiments thereof taken in

conjunction with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

'Fig. 1 is an illustration shbwing a process for deriving
a desired signal power and an interference signal power; |
Fig. 2 is a block diagram showing an overall construction

of a W-CDMA type mobile communication system, to which the
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present invention is applied;

Fig. 3 is an illustration showing a frame construction of

. CPICH;

Fig. 4 ié an illustration showing a princip].;e of operation
of the first embodiment of a synchronization detecting method
according to the present invention; R '

.Fig. 5 is an explanatory illustration of an operation in
the case when a matched filter :i.___s used in a correlation detecting
portion of a-_-mdbile station, tdo which the. present ihvention is
applied: _

Fig. 6 is an illustration showing a principle of operation
of the second embodiment of the synchronization detectingmethod
according to the present invention; | | |

Fig. 7 is an illustration showing the case where a power
averaging -process as an equalizing process in the'second
embodiment' of the .synchroniza_;’ion detection meth_oa :

Fig. 8 is an illustration showing a received';é_'i-gnal power
distribution after powér averéging process as thg —equalizing
process; |

Fig. '9 is a flowcha:f:t showing a synchronization chip timing
detection procedure by the power averaging process;

Fig. 10 is an illustration of the case wheré vector
averaging process is performed as equalizing process in the
second embodiment of the synchronization detecting method;

Fig. 11 is an illustration showing a distribution after
performing vector averaging prbces's as equalizing process;

Fig. 12 is a flowchart showing a synchronization chip

timing detection progedure by the vector averaging process;
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Fig. 13 isan illustration showing a principle of operation

of the third embodiment of a synchronization detecting method
according to the present invention:

Fig. 14 is a flowchart show:.ng a synchronization chip

- timing detection procedure in the third embodiment of the

synchronization detecting method-

Fig. 15 is an illustration showing a principle of operation
of the fourth embodiment of a synchronization detecting method
according to the present invention;

Fig. 16 is an illustration showing a frame structure of
CPICH and the received signal in the case where a transmit
diversity is applied; |

Fig. 17 is an illustration showing a principle of operation
of the fifth einbodiment of a synchronization detecting method
according ..to the present invention; | —

Fig. 18 is a flowchart showing a synchroniz_ation chip
timing detection procedure in- the sixth embodimen_t- of the
synchronization detecting method: _—

Fig. 19 is a block diagram showing an overall construction
of the mobile station, to which the present invention is applied;

Fig. 20 is an illustration showing a principle of operation
of the first embodiment of a communication quality measuring .
method according to the present invention : _

Fig. 21 is an illustration showing a principle of operation
of the second embodiment of a communication quality measuring
method according to the present invention;

| Fig. 22 is an illustration showing a result of simulation

in the second embodiment of the communication quality measuring
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method;

Fig. 23 is an illustration showing a principle of operation

of the third embodiment of a communication quality measuring

" method according to the present invention;

Fig. 24 is an illustration showing a result of simulation
in the third embodiment of the communication qualit;y'measuring.
method;

Fig; 25 is an illustrationshowing a principle o_f operation -
of the fourth embodiment of a communication qualléir measuring
method according to the present invention;

Fig. 26 is an illustration showing a principle of operation
of the fifth embodiment of a communication quality measuring
method according to the present invention;

Fig. 27 is an illustration showing a principle of operation
of the sixth embodiment of a communication qu_ali-tj measuring

method accordingl to the present invention;

Figs. 28A and 28B are illustrations showing:'a- result of
simulation in the fifth embodiment of the communicai;:_i.on quality
measuring method;

Fig. 29 is a block diagram showing an overall construction

of a mobile communication system applying transmit diversity;

Fig. 30 is-an illustration for explaining process for
éxplaining‘correlation detection process in one embodiment of
the present invention;

Fig. 31 is an illustration for explaining a correlation
detection process in one embodiment of the present invention:

Fig. 32 is an illustration for explaining a delay process

one embodiment of the present invention;
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Fig. 33 is an illustration for explaining a vector

calculation process in one embodiment of the present invention;

Fig. 34 is an illustration for explaining a vector
selection procés-s and commu_nicati'on quality calcui.ating process
in one embodiment of the present invention;

Fig. 35 is an illustration showing CPICH upgn' use of

transmit diversity in the mobile communication system using _

W-CDMA system; T .

Fig. 36'is an illﬁstration showing a prj.nciple of operation
of the first embodiment of the communication quality meésuring
method while transmit diversity is applied, according to the
present invention; |

Fig. 37 isan illustration showing a principle of operation -

of the second embodiment of the communication quality measuring

method while transmit diversity is applied, according to the

present invention; - :

Fig. 38 is an illﬁstratiop showin.g CPICH upoi?r_lon-use of
transmit diversii:y in the mobile communication sgétem using
W-CDMA system; |

Fig. 59 is an illustration showing a principle of operation
of the third embodiment of the 60munication quality measuring
method while transmit diversity is used, accbrding to the
present inventioﬁ;

Fig. 40 is an illustration showing a result of simulation
in the third embodiment of the communication quality measuring
method upon use of tré.nsmit diversity;

Fig. 41 is an illustration showing a principle of operation

of the fourth embodiment of the communication quality measuring
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method while transmit diversity is applied, according to the

present invention; and

Fig. 42 is an illustration showing a result of simulation

- in the fourth embodiment of the communication quality measuring

method upon use of transmit diversity.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

At 'firs_t; detection of synchronization as a' method for
detecting a synchronization chip timing will be explained and

' then measurement of communication quality will be explained.

(1) Synchronization Detecting Method

Fig. 2 shows an overall construction of a W-CDMA type mobile
communication system, to which the present invention is applied.
The mobile communication system is constructed with a base
station 201 and a mobile station 202. The-mobile"_gi—:ation 202
includes a synchronization detecting portion 221 gietecting a
synchronization chip timing of a channel to be measured for
communicat;ion with the base statibn and measuring a
communication quality, .a synchronization chip timing
information portion 225 for accumulating information of
detected synchronization chip tiining, a correlation detecting
portion 222 for deriving a correlation value between a spreading
code of the channel to be measured and a received signal for
communication with the base station and measuring of

communication quality, a time series generating portion 223 for

generating a time series data of a received signal vector after
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correlation detection, and a communication quality calculating
porti.on 224 for calculating a communication quality from the
generated time series data. The synchronization detecting
portion 221 iz_lcludes a sjnchronization timing c;:andidate
generating portion 2210 for establishing blocks of all chip
timings which can be synchronized and generating . '
synchronization timing candidates, a partial correlation
detecting pdrtiori 2211 deriving é partial corre:_l.ai.:ion with a
reception signal fbr the synchronization timing cah&idate, and
a | synchronization chip timing determining portion 2212 f;;.)r
d_eter:hining synchronization chip timing from the partial
correlation values of respective candidate timings. .

Fig. 3 shows a frame construction of CPICH (common pilot
channel). In one frame, a hundred fifty symbols are contained.
One frame .:§.s 10 msec. period. 1In the shown embodimént, as the
channel to be measured, CPICH constantly transmitt-ec.i from each
base station is used. Namely, in the synchronizati‘t_)';{ detecting
method using only channel to be measured, the par;i—:ial
correlation between the spreading code of the channel to be
measured aﬁd the received signal' and a peak value' where the
partial correlation becomes maximum, is derive‘d for detecting
synchronized chip timing. Here, a matched filter is used for
correlation detection and the partial correlation value is
derived with sequentially varying the code to be written for
achieving high speed synchronization chip timing.

While other embodiments will be explained later,
improvement of precision of the synchronization detection can

be achieved by averaging the obtained correlated value at every
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given interval and detecting the ‘synchronization chip timing.

Furthermore, reliability can be improved by repeating detection
of synchronization chip timing for several times and deterrhining
the synchroniz-ation chip timing to be an object fér measurement
using the detected values of the synchronj_.zation chip timing,
determining the synchronization chip timing with pi'ovidihg a
certain range, or by making judgment whether synchronization
detection has to be performed again or not.

On the other hand, in the embod:.ment of synchronization
detection which will be described later, a time resolution of
a synchronization timing is assumed as one chip length for
simplification. However, when the synchi:'dnization timing is
detected in greater detail, the syncﬁronization detection
method acco;fding to the present invention may be perform.ed with

setting sampling rate at X times of that in one chi-p-length for

'Fig. 4 shows a principle of operation of the first
embodiment of the synchronization detection metho_é according
to the present invention. In the first embodiment, an object

for partial correlation is set at 256 chip length. When CPICH

is taken as the channel to be measuréd, a chip timing, at which

synchronization can be established, is 38400. Initially, the
chip timing are blocked per symbol. Then, as synchronization
timing, 150 candidates_ are génerated with reference to symbol
numbers of leading ends of the frames. Thereafter, partial
correiation between each code of synchronization timing
candidate and the received signal is sequentially derived as

shown in Fig. 4 to obtain a power delay file per each
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synchronization timing candidate. Finally, chip timing where
a candidate having the maximum peak among respective of obtained

candldates of power delay profiles, is retrieved to take the

obtained t:l.mlng as the synchronization chip t:|.m1ng of the

-channel to be measured.

In W-CDMA system, a plurality of channels are ;tfansmitted
at the same frequency, all channels other than the channel to
be measured become interfering channels. Consid,er_ing process
gain, power Of the interference signal is restrici:éd.for chip
length to be used for ordinary correlation detection. 1In the
embodiment shown in Fig. 4, partial correlation is performed
at 256 chip length (1 symbol = 256 chips), the process gain is
256, and an average power of the interference signal becomes
1/256.

In the first embodiment of the synchronizaticﬁ detection
method, when the received signal power of the ch-:_Lp timing
matching with an effective path position for connni—it—fication is
higher than or equal to a received signal power at oi_:iler timing,
detection of the synchronization chip timing is .succe'ssful.
Accordingl“y, by setting the chip lengt_h (unit for blocking) for

partial correlation longer, probability of success in detection

. of the synchronization chip timing becomes higher..

Fig. 5 is explanatory illustration of operation in the case
wl_lere a matched filter is used in the correlation detecting
portion of the mobile station, to which the presént_invention
is applied. The matched filter is used for calculation of
partial correlation to rewrite code in the matched filter per

1/15 msec. As shown in Fig. 5, rewriting code to be written in
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the matched filter is consisted of 256 chips extracted among

150 timing candidates #1 to #150.

By the first embodiment, a period required for detecting
the synchronization chip timing can be 10 msec.

Next, the second embodiment of the synchronization
detection method will be explained. In the second embodiment,

equalizing process in the synchronization detecting portion 221

_shown in Fig. 2 will be describ__ed.' In the mobile conmunicetion

system, it is generally influenced by multi-path“fading, the
power of the received signal (correlation detected value)

fluctuates significantly. Also, since partial correlation is

 used for correlation detection, precision in correlation

detection is not always high.

Fig. 6 shows principle of operation of the second
embodiment.of the synchronization detection_ method according
to the present invention. In the second embodiment . the partial
correlaticn value of each synchronization timing'—'c-andidate
within a given period is .averaged to detect synchroni—zation chip
timing using obtained average value. Accordingly, assuming
that number of samples of respective timing candidate within
the equalizing period is N, a period required fir detection cf _
the synchronizetion chip timing becomes N*10 msec. As an
averaging method, there are a method to perform power averaging
process and a method to perform vector averaging process.

Fig. 7 shows the case where the power averaging process
is performed as equalizing process in the second embodiment of -
the synchronization detecting method. A received signal vector

at a timing t of the synchronization timing candidate #i and
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its chip number k in the symbol, is assumed as (I, (t)., Q. (%)),

the synchronization timing candidate after equalization is #i,
and a power at chip number k in its symbol is assumed as P, ,.
In the po;wer averaging process, the instantar:u_aous received

signal power is calculated from the received signal vector of
each synchronization timing candidate, and subsequ_e_ﬁtly, N in
number of the calculated received signal power is averaged per
synchronization timing candidf;ite. By the power .velue after
equalization thus obtained, the synchronization chip timing of
the channel to be measured is determined. The power averaging
process is characterized in that when sample number N is
increased, a sfandard deviat;i.on of the received signal power
at a timing other than the true synchronization chip timing
becomes sma']_.ler (note that the average value is held unchanged).

. Fig. -8 shows a received signal power distribu_-tion after
performing power averaging process as the equalizing process.
After detection of partial correiation for a certaii;: z;crambling
code at 256 chip length and averaging pdwer in sap;ple number
5, 10 and 15, Fig. 8 shows ._é distribution of the power value
of i:he received signal at a timing other than true
synchronization chip timing. quever, fading is not added. As
can be appreciated from Fig. 8," when the sample number N is
increased, the s.tandard deviation of the power value of the
receiv.ed signal in the true synchronizai:ion chip timing becomes
smaller. As a result, probability of.su'ccess of detection of
synchronization becomes high.

Fig. 9 shows a synchronization chip timing detection

procedure in the power averaging process. At step S1,
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synchronization detection is initiated. At step S2,

synchronization timing candidate is set (i = 0). At step S3,
partial correlation calculation is performed. At step S4,

received s‘ignél- power is .calculated. At step $5, check is

pérformed whether i < .max iis safisfied or not. At step S6,
i is incremented. At step S7, "'check is performed whether k <
N is satisfied or not. At step S8, k is incremented. At step
S9, power avé'raging is -performgd at all synchroniza!:ion timing

candidate or'_ all chip timing. ‘At step S10, retrieval of the

' maximum power of the received signal is performed for all

synchronization timing candidate or all chip timing. At step
S11, the synchronization chip tim:i_.ng is determined. At step S12,
synchronization detection is terminated.

Fig. 10 shows th_e case where the vector averaging process
as the equalizing procéss in the second embodimenf of the
synchroniz_ation detection mett_iod. In the vector __averaging
process, the received signal vector 6f each syncl-i—i';nization
timing candidate is averaged respectively on I s'id_e— and Q side
(N in number). Subsequently, the received signal power is
calculated from the values of I and Q after averaging, the
synchronization chip of the channel to be measures is determined.
Since the vector averaging'_process is premised in that the phase
rotation of the desired signal vector due to fading in the

averaging period can be ignored, in the example shown in Fig.

10, a sampling interval per one synchronization timing candidate

is set at 1/15 msec.

In the foregoing vector averaging process, by increasing

number of samples to be averaged, the average value of the power
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of the received signal other than the true synchronization chip

timing becomes small (standard deviation is unchanged).

Fig. 11 shows a received signal power distribution after
performing vec;tor averaging process as the equali;.zing process.
After detection of partial correlation for a certain scrambling
code at 256 chip length and averaging power in sa_mble number
5, 10 and 15, Fig. 11 shows a distribution of the power value
of the' received signal at a timing other than trug _
synchronization chip timing. However, fading is ndf added. As
can be appreciated from Fig. 11, when the sample number N is
increased, the average vélue of the powef of the received signal
in the true synch'ronization chip timing becomes smaller. As a
result, probabilitjr of success of detection of synchronization
becomes high.

Fig.-12 shows a synchronization chip timing detection
procedure in the vector averaging process. At si-:ep 521,
synchronization detection is initiated. At step‘—TSTéZ,
synchronization timing candidate is set (i = 0). I_ﬁ: step S23,
partial correlation calculation is performed. At step S24,
check is pérformed whether k { N is satisfied or not. At step
S25, k is incremented. At step S6, vector average is derived
for all chip timing of synchronization timing candidate #i. At
step S27, the power values are calculated for all chip timing
of the synchronization timing candidate #i. At step S28, check
is performed whether i < max i is safisfied or not. At step S29,
i is incremented. At step S30, retrieval of the maximum power
of the received signal is performed for all synchronization

timing candidate or all chip timing. At step S31, the
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synchronization chip timing is determined. At step S32,

synchronization detection is terminated. |

Fig. 13 shows a principle of operation of the 'third
embodiment of -the synchronization detection method according
to the present invention. The third embodiment of the
synchronization detection method is further improvemént of the
second embodiment set forth above. Nameiy, process of
equalizing pi:‘ocess can be set .__fdr a plurality of tfi.m'es. Even
in each proceéss, using the average value obtained by averaging '
fora plurallity of times by the saine or different averagingmethod,
the synchronization chip timing of the channel to be measures .
is determined.

In the third embodiment, averaging operation is repeated
twice. At the first stage of averaging, N1 in number of vector
averaging -process is performed per synchronizatiori timing
candidate. Subsequently, the power value is deri;red from the
receivéd signal vector after vgctor averaging for‘_'—i-i-eriving N2
in number of avefaged values._ At the second stage—, the chip
timing where the received signal power after averaging becomes
niaximum, is detected to the synchronization chip timing of the
channel to be measured. |

In the third embodiment, at first, in the first stage
averaging, the average value of fhe received signal power in
the synchronization chip timing other tﬁan the true
synchronization chip timing becomes small for N1 in number of
samples. Subsequently, by averaging in the second stage, the

standard deviation becomes smaller than N2 in number of samples.

" As a result, probability of success in detection of
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synchronization becomes further higher in comparison with the

case of one time of averaging operation. In the third embodiment,
a period required for synchrnnization detecti_on is (N1 x N2 x
10) msec. - . .

- FPig. 14 shows a synchronization chip timing detection
procedure in the third embodiment of synchronization detection
method. At step S41, synchronization detection is initiated.
At step S42, 'synchronization 1;:_iming candidate is sgt (i =0).
At step S43; partial correlation calculation is pei‘formed. At
step S44,_ check is performed whether kl < N1l is satisfied or
not. At step S45, k1l is incremented. At step S46, vector
average is derived for all chip timing of synchronization timing
candidate #i. At step S47, the power value_s are calculated for
all chip timing of the synchrbnization timing candidate #i. At
step S48, check is performed _wh‘ether i <{max i is s-a:tisfied or
not. At step S49, i is incremented. At step SSO--, check is
performed whether k2 < N2 is sai_:isfied or not. At 's—i:—ep S51, k2
is incremented. At step S52, power averaging is p_e—rformed at
all synchronization timing candidate or all chip timing. At
step S53, retrieval of the maximum power of the received signal
is performed for all synchronization timing candidate_or.ali
chip timing. At step S54, thé synchronization chip timing is
determined. At step S55, synchronization detection is
terminated.

Furthermore, the fourth embodiment of the synchronizatinn
detection method will be explained. The fourth embodiment
determines the synchi'onization chip timing of the channel to

be measured by performing synchronization chip timing detection
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process in the foregoing first to third embodiments for a

pluraiity of times and u_sing the averaged value of a plurality
of synchronization chip timing values and the standard deviation
value. Therefore, .in the fourth embodiment, che'ck is performed
whether the detected synchronization chip timing is reasonable
or not. S

Fig. 15 shows a principle of operation of the fourth
embodiment of the synchronization detection metlioq according

to the present invention. M in number of syhchronization chip

. timings detected after averaging are prepared. Then, the

synchronization chip i:iming as object for measurement is checked.
It should be noted that, in the fourth embodiment, complete
synchronization detection is not required and it is only |
required to have a value falling within certain range
(measurement window). B -~

The' fourth embodiment is premised in that mer;lsurement of
all chip timing in measurement window is perform"e—'(—i- after
synchronization detection. At first, an averaged v_a-lue of Min
number of detected synchrbnization chip timings. Subsequently,
using the t;tverage value thus derived, the standard deviation
is derived. As an averaged value derived centered at the
measurement window, the value of the derived standard deviation
falls within the measurement window width, measurement becomes
possible to take the detection -Successful. - On the other hand,
when the derived standard deviation does not fall within the
measurement window, judgment is made that probability of failure

of detection is high to again initiate synchronization

detection.
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Next, explanation will be given for the synchronization

detection method in the case where transmit diversity is applied

in CPICH.

Fig. 16 s-hows the frame structu.fe of CPICH and the received
signal in the céée where the transmit diversity is applied. «&
1 is a vector variation ainount depending upon propa_,gétion path
from the transmission antenna #1 of the base station to themobile
station, a2 is ~a vector var_;_tation amount depend_.:lhg upon
propagation path from the transmission antenna #2:6f the base
station to the mobile station. These are varied from time to
time according to movement of place of the mobile station. On
the other hand, the signal transmitted from each antenna of the
base statioﬁ is provided modulation of A or -A per symbol. This
pattern is determined uniquely. It should be noted that symbol
modulation pattern when fhe transmit diversity is-nc;t applied,
is the same as that of the antenna #1. | ';-

CPICH transmitted from the antenna #1 aﬁd thgT;ntenna #2
are influenced by each propagation path. 1In the mob;i.ie station,
the signals in combined form are receivedf Accordingiy, the
signal of sﬁbol #0 transmitted £from the base station is received
in the mobile réceiving station as expressed by the following

equation:

R(O) = B, ¢,(0)- 4 + P, 0,(0)- A+ N(O) (1)

wherein R(0) is the received signal vector after correlation
detection, P,; and P,, are transmitting power of CPICH in

respective transmission antennas, N(0) is interference signal
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vector.

The synchroniiation detection is detection of the position
of symbol #0 in the mobile receiving stétion. It should be noted
that communi_ca_ition quality measurement upon usé of transmit
diversity which will be discussed later, is derivation of the

desired signal power as eXpre_ssed by:

(P | @.]2 + P |@,]?) . (2).

and the interference power as expressed by:

(In]%) (3)

wherein { ) expresses an average.

Next .- the received signal vector combined as --e:ipressed by
the foregoing expression (1) will be separated into _the received
signal vector from each transmigsion- antenna. For‘Ts'éparation,
two continuous symbols are usec_i. Assuming (i) th syml_)_ol (wherein
i is even number) as a symbol to be a reference, the received

signal vector r; and r, from each antenna is expressed by:

r@) = R(@ + 2: RGE) _ ‘/Eal @+ NG+ 244- N(@)

(4)

i@ = (e BED=RD | [ 4 (e MED=NO

The foregoing equation (4) use approximations of ¢,(i + 1) =
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a,(i) and @,(i + 1) = a,(i).

Fig. 17 shows a principle of operation of the fourth
embodiment of the synchronization detection method according
to the preseni.: invention. The synchronization ﬂetection
detects l.eading'position (synchronization chip timing) of CPICH
from the received signal. #0 to #149 in Fig. 17 are
synch_ronization timing candidates generated by the
sy’nchronization timing candidate generating porti_on_ 2210 shown
iﬁ Fig. 2. It shouldbenoted that unit for blocking is one symbol.
Calculation of correlation with the received signal is performed
by sequentially extracting objective symbol number among the
synchronization timing candidates #0 to #149 and using spreading
code (256 chip length) co_rresponding to the symbol number.

For example, assuming an avérage number of vector is N,,
from the synchronization timing candidate #i, 2N, +-i in number
of symbols in series from 2(N; +_1)i is selected for_._cbrrelation
calculation. When matched filter is used in corr—g.iation
calculation, a timing to finish correlation calcula'_l:_ion for all
of the synchronization-timing candidates is T, = 10 x (2N, + i)
[ms]. | - ' |
' Next, from the obtained :received signal vector R(i) and
R(i + 1), the received signal \}ector from each transmission
antenna is separated using the foregoing équation (4). Here,
number of received signai vectors after separation beionging
in the same synchronization timing candidates is N; in number
per one transmission antenna. These N; in nﬁmber of received
signal vectors averaged per transmission antehna, and finally,

obtained two average vectors are summed in power. Fig. 17 shows
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the case where the number of vector average N; is 2. In practice,

the foregoing calculation is performed for all of 256 chips.
On the other hand, the foregoing 'calcul.ation is executed with
over-sampling'—of X times of one symbol, calculaticn is performed
for number of Samples of 256 x X. The synchronization chip
timing is determined by synchroni'zation timing candidate having
the maximum power value and the chip number in the Symbol.

Fig. 18 shows the synchr-__(_snization chip timin_g detection
procedure in the sixth embodiment of the synchron;'i.zation
detection method. In the shown embodiment, except for the
period required for calculation, a period from initiation of
synchronization detection to finishing thereof is T; = 10 x (2N,
+ 1).x N, [ms]. |

At step S61, synchroniiation detection is initiated. At

step S62, synchronization timing candidate is set--('..;l = 0). At
step S63, partial correlation calculationis perforln'ed. At step
S64, check is performed whether k1l < 2Nl + 1 is 's—’a:tisfied or
not. At step S65, kl is incremented. At step 86_6_, received
signal vector is separated per antenna with tespect to all chip
timings of the synchronization timing candidates. At step S67,
vector averages of the received signal vectors are derived. At
step S68, thc averaged received signal vector is converted into

the power value per antenna and then the power values of

respective antennas are summed.

At step S69, check is performed whether i < max i is
satisfied or not. At step S70, i is incremented. At step S71,
kl is reset to 0. At step S72, check is performed whether k2

< N2 is satisfied or not. At stép S73, k2 is incremented. At
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step S74, k1l is reset to 0. At step S75, power averaging is

performed at all synchronization timing candidates or all chip
timing. At step S76, retrieval of the maximum power of the

received signal is performed fo'i: all synchronization timing

-candidates or all chip timing. At step S77, the synchronization

chip timing is determined. At step S78, synchron;iiation

detection is terminated.

(2) Communication Quality Measuring Method

Next, the measui:'ement method of commuqication qualitywill
be explained. Fig. 19 shows overall construction of the mobile
station, to which th_e.present invention is applied.:’ The mobile
station 202 has the same construction as that of 'Fig. 2. The
communication quality calculating portion 224 includes matrix
calculation means 2301 for deriving covariént matr‘:ﬁ.x from two
time series data in the received signal vector genérated in the
time series -generating portion 223 and performing"—';—alculation
of eigenvalues, power caléulating means 2302 for _éalculating
the desiret_l signal power and the interference sigﬁal value using
the eigenvalues, and SIR calculating means for deriving SIR.

On the other hand, using a control portion 2304 as component
of the mobile communication system, a path between transmitter
and receiver effective for communication is derived using the
SIR value derived in the SIR calculation means to control the
synchronization chip timing information portion 225' foi'
achieving measurement of more precise value.

In the shown embodiment, with reference to the

synchronization chip timing obtained in the synchronization
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detecting portion, all chip timings in a certain range are taken

as object for meésurement. Namely, communication quality

measurement using the measurement window is performed.
"Fig. 20 -shows a principle of operation oﬁ' the first

embodiment of the dommunication quality measuring method

according to the present invention, a chip length to perform

" . correlation detection and the measurement window width is taken

10

15

20

25

'as one symboi. Here, consideration is given for chip timing k

presenting in the measurement window. In order to derive the
desired signal power and the interference signal power in the
chip timingk, a series 1 is established by arranging the received
signal 'vector of the chip timing 1 in a certain given period
(averaged period, and a series 2 is established by a time series
dai:a of the received signal vector distanced from the series
2 for several symbols. - _ —

Next, covariant matrix of the series 1 and the series 2
is derived to calculate eigem__ralues thereof. By—i)—erfoming
operation shown in Fig. 20 using the eigénvalues tl_1—us derived,
the desired signal power and the interference signal power at
the chip tﬁning k can be derived as averagéd values within the
averagipg period. It should be noted that the operation for
deriving the powers from the eigenvalues shown in Fig. 20 is
effective only when correlation between two series is relatively
high. In other words, the foregoing operation is only effective
when the time difference between two series is sufficiently
small relative to a variation of the desired signal vector due

to multi-path fading. In the shown embodiment, there is no

limitation in sampling interval (data interval in one series)
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'and number of samples (number of data in one series).

It should be noted that greater number of samples within
the averaging period results is closer value to the true value.

On the other hanﬁ,- SIR in the chip timing k can bé derived from

'a ratio of the obtained desired signal power and the interference

signal power. On the other hand, in case of conum_uiication
qﬁality measurement not using the measurement window, the
synchronization chip timing obtained by. the synch:;onization
detecting portion 'may be measured as the chip titﬁing k.

Fig. 21 shows a principle of operation of the second
embodiment of the communication quality measurement method
according to the present invention. When correlation between
two series', namely when the corfelation vélue is greater than
or equal to 0.85, the desired signal power and the interferénce
signal power can be derived f£from an add vector and 'difference
vector relative to the received signal vectors havi;lg reception
timing close to each other betwee___n time series. Moré_g;:'eferably,
at the correlation value greater than or equal to 0.9 ,__i:he desired
signal power and the interference signal value are derived at
comparable- precision as the first embodiment of Fig. 20. |
Further préferably, at the correlation value greatef than or
equal to 0.95, the desired Signal power and the interferencé
signal value are 'derived at comparable precision as the first
embodiment of Fig. 20 and with more simple calculation method.

In the shown embodiment, a time difference between time
series (delay time difference) as one symbol, the add vector
and difference vector are derived from the received signal

vector between adjacent symbols. At first, using N in number
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of difference vector within the averaging period, the

interference signal power is derived by operation shown in Fig.
21. Next, the desired signal power is derived using N in number
of add vectors- within the averaging period and a];.ready derived
interference signal power. From a ratio of the derived desired

signal power and the interference signal power, SIR in the

. averaging period can be derived. Even in the shown embodiment,

similarly to the first embodiment shown in Fig. 20, there is

| basically no limitation for the 's.amplj.ng intervai and the

sampling number.

In the shown embodiment, in the _t:i.me series generating
portion 223 shown in Fig. 19, in addition to generation Qf two
time series data of the received signal vector, generation of
time series data of the add vector and difference vector is also
performed.- It should be noted that, in the shown--émbodixﬁent,

since the eigenvalues are not required, matrix operation shown

in'Fig. 19 becomes unnecessary.
Fig. 22 shows a result of simulation in the_—second
embodiment of the communication quality measuring method.
Namely, Fig. 22 shows examples of the result of oﬁtput of the
desired signal power and the interféren_ce signal within the
measuremént window derived by simulation. In the simulation,

it is assumed that two signals , in which a certain code is spread,

- arrive with 5 chip delay. Namely, the position of the first path

is tenth chip and the position of the second path is fifteenth
chip. The signal arriving at the second path acts as

interference signal in the first path and the signal arriving

at the first path acts as interference signal in the second path.



10

15

20

25

- 50 - )
The averaging period is 1500 symbols and the sampling interval

is 1 symbol. It should be noted that the power of the signal
arriving at the second path is set to be 5 dB lower than the
power of the signal arriving at the first path. The correlation
detection is pei:'fortn with four times over-sampling of 256 chip
length. -

Fig. 23 shows a principle' of operation of the third

embodiment of the communicati-pn quality measuring method

according to the present invention. In the shown embodiment,

by averaging the desired signal power and the interference
signal power derived in the foregoing first and second
embodiments, more stable value (average value) can be obtained.
In the showh embodiment, at first, an average values of the
desiréd signal power and the interference signal power are

dei:ived per N1 in number of chips in the average -period‘ using

" the methods in the first and secohd embodiments (primary

averaging). Then, as éecondar:.y averaging, N2 in number of _
desired signal powers and the interference signa]_._ powers
obtained by the primary averaging are averaged in power. It
should be noted that SIR in the averaging period is derived from
a ratio of the derived desired signal power and the intefferenc'e
signal power.

Fig. 24 shows a result of simulation by the third embodiment
of the communication quality measuring method. Condition of
simulation is the same as those of Fig. 22 except for averaging
method. Averaging sample number is 5 in the primary avefaging
and 300 in the second averaging. The averaging period in totél

is 1500 symbols. Comparing with the results shown in Fig. 22,
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it should be appreciated that more stable values can be obtained.

Fig. 25 shows a principle of operation of the fourth
embodiment of the communication quality measuring method
according to t':he present invention. In the shovc;rn embodiment,
number of channels to be meésured is asshmed to be M. The réason
why the same channels are continuous for two symbo_lé, is that
two series data are required b'jr the averaging methods in _the_
first and second embodiments. --:_As shown in Fig. 25, _yvith taking
two symbols as set, measurement of other channe1_ ﬁithin the
sampling period becomes possible. In a certain given period,
measurement data of a plurality of channelé can be obtained at
substantially the same. In the prior art using the vector
averaging, since there is a limitation that "phase variation
of the desired signal vector due to muiti-path fading in the

av'eraging period, should be ignorable."” Therefore; v;rhen number

‘of channels to be measured is_large number and the averaging

period is relatively long, time multiplexing of other channel

‘within the sample period is difficult.

Fig. 26 shows a principle of operation of the fifth

embodiment of the communication quality measuring method

according to the present invention. In the shown embodiment,

primary average is derived by time multiplexing of other
channels within sampling period of one channel. Then, secondary
averaging (averaging in power) is performed from the result |
obtained by the primary averaging. |
Fig. 27 shows a principle of operation of the 'sixi:h
embodiment of the communication quality measuring method

according to the present invention. In the shown embodiment,
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at first, prirhéry averaging is 'performed per one channel, and
other channels are multiplexed :I.n the secondary averaging period
to obtain the values after secondary averaging of respective
channels. - |

"Figs. 28A and 28B show the results of simulation in the
fifth embodiment of the communication quality measur;ing method.
Fig. 28A is a profile of obtained received signal power
performing simulation in the sgmé condition as Figs: 22 and 24.
The averaging method performs only averaging in powér per chip.
Fig. 28B is a profile of SIR per _each chip derived using the
desired signal power and the interference signal power obta:'i.ned'
from Fig. 22. Conventionally, the posit_ion of the path to be
effective in communication is detected as the synchronization
chip timing_ from the peak where the power becomes maximum by
dériving the received signal power per chip in thé

synchronization detecting portion 221 shown in Fig.".19 ., as shown

—

in Fig. 28A.
In Fig. 28A, since the desired signal power_—is set

relatively highe:; than the interference signal power, the path
position c"an be easily detected from the peak value thereof.
However, ac'cording to increase of the interference signal power,
judgment whether the peak valne is the actual path position or
not, is difficult. On the other hand, it is not possible to
distinguish whether the peak is results in presence of the péth
or the peak is results in fluctuation of noise only by the peak
value of the power. When error is present in the synchronization
chip timing in the synchronization detec.i_:ing portion 221,

precision in measurement is degraded since the measurement is
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performed at a chip i:iming different from the path position

effective for communication, in the communication quality

measuring portion 224.
On the other hand, in the shown embodiment, the

synchronization chip timing obtained in the synchronization

 detecting portion 221 is taken as the reception chip timing to

measure SIR by the first and. secoh'd embodiments. In the control
portion 2304 shown in Fig. 19._;'- judgment is inade_wl;ether the
reception chip timing is offset from the path positipp effective
for communication from the measured SIR value or not. If
judgment is made that the reception chip i:iming is offset from
the path position, the 'synchronization chip timing information
portion 225 shown in Fig. 19 is controlled to modify the
synchronization chip timing.

'On the other hand, in case of the communica—tibn quality |

measurement premised by the measurement window, f_.or all chip

'~ timing in the measurement window, the desired signal power, the

interference signal power and SIR are measured. The_i‘efore, SIR
profile shown in Fig. 28B is obtained. In Fig. 28B, SIR < 0 is
certainly estabiished at positions where the path is not present, -
and SIR > 0 is established at positions where the path is present.
In the control portion 2304 shown in Fig'. 19, the peak value
where SIR > 0 is established is detected to detect the path
position effectivé for communication. |

When judgment is made that the position of the measuring
window and the window width are not appropriate, mpdification
of the position of the measuring window and the window width

is performed by controlling the synchronization chip timing
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information portion 225 of Fig. 19. By such control, even when

the path position between transmit_ter and receiver is moved by
movement of the mobile station, the position of the window is
modified follc;wing movement of the path. As a result, moving
measurement of the communication quality can be realized without

causing degradation of precision.

(3) Communication Quality Meas:__iring Mei:hod Upon Use..of Transmit
Diversity | | o
Fig. 29 shows overall construction of the mobile

communication system applying transmit diversity. The mobile
station 202 has the same construction as that shown in Fig. 2.
The time seri.es generating portion 223 is constructed with a
delay circuit 3301 delaying the received signal vector after'
correlation detection for a predetermined delay symt.;ol number, |

a vector calculation portion 3302 deriving a difference vector

and add vector from difference and sum of the received signal

vector, and a vector selecting portion 3303 selec_i—:ing vector
for performing calculation by the communication quality
calculating bortion 224. |
. When communication is performed applying transmit

diversity as the _chahnel to be measured, the channel repeatedly
transmitted a knbwn symbol series of respectively different
patterns using common spreading code is assumed froﬁl two
different antennas of the radio base station. When the

communication applying transmit diversity is not performed, the

‘channel repeatedly transmitted a  known transmission symbol

series is assumed. While two antennas of the radio base stations
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are located close to each other, the distance of the antennas

is set to make the spatial correlation small. At receivingpoint

in the service area, the signal reaches as a signal influenced

by independent propagation path. " The signals transmitted from
t§vo antennas are received by the antenna at the :Eeception point
as combined in vector in spacé'. |

Fig. 30 is an illustration for explaining process for
explaining correlation detection process in one empodiment of
the present invention. In general, a transmission ééries sl(t)
from the antenna #1 and a transmission series s2(t) from the
antenna #2 are subject to respectively independent fading cl(t)
and c2(t). These two series are received after combination in
the space. Accordingly, ignoring transmission delay, a
received series becomes r(t) = cl(t) * sl(t) + c2(t) * s2(t).
Here, considering a time ra_nge' where influences -of: thé
propagation paths are regarded as the same, fadi;lgl can be
regafded as constant, c¢l(t) = ¢l and c2(t) = c2. Tli_e_-JT:—efore, the
received series becomes a given value per combinaj;ion of the
transmissi_on series sl(t) and s2(t). |

For example, when the symbol of thé transmission series
of the antenna #1 at a certain timing is assumed as A and the
symbol of the transmission series of the antenna #2 at the certain
timing is assumed as A, 'the_received series becomes X; When the
symbol of thé transmission series of the antenna #1 at a certain
timing is assumed as A and the symbol of the transmission series
of the antenna #2 at the certain timing is assumed as B, the

received series becomes Y. As sét forth above, in a time range

where the influence of the propagation path 'is regarded as
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constant, the received series is determined only depending upon

the transmission series.

In this circumstance, in the transmission series, if the

. regular pattern is periodically and repeatedly.transmitted,

certain series 'pattern is repeated in the same period in the
received series. At this time, when a correlation valﬁe between
the received series and the delajred received series delayed for
a period of the regular series pattern is derived, _j:he derived
value becomes ‘1. Namely, the delayed received sef.;les delayed
for the period of the transmitted series pattern and the received
series afe complétely_ matched and the mutual correlation between
the series becomes 1. Here, on transmission side, a unit where
the known series pattern is repeated for a plurality of times
is defined as frame.

_ Fig.-31 shows a process of correlation detecij;ion in oné
embodiment of the present inveotion. A symbol as-_:correlation'.

unit taking t,,, + iA T as leading end of the reo"e-:i.ved series

r' (t)., is assumed as r' (ty,, + iA t), and correlation detection

process is_ performed by the correlation detector, such as

matched filter set the code m(t,,, + :I.A_‘C ) spreading respective
of corresponding symbol, the received signal vector series r(t,,,
+ iA 7)) after correlation can be obta-:i.ned. _ Thus ., the received
signal vector is assumed as r.(t,,, + 1A T). It should be noted
that AT is a period of one symbol length, j is a repetition
number of the series pattern in one frame, i is symbol number
in the pattern, k is a reception chip timing in _t'he symbol. On
the other hand, it is assumed that information of the leading

end position, the symbol position and so on of the channel frame
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to be measured are already known.

Fig. 32 shows a delay process in one embodiment of the

present invention. With apreliminarily set delay symbol number

I, by delaying the received signal _vector series after
correlation detection for delay " symbol number I, the delayed
received signal vector series ié generéted. The'd_eiay symbol
number I us set at integer mult:l.ple of the repetition period
of the transmission series pattern. '

Fig. 33 shows vector calculation process in oné'embodiment
of the present invention. In two time series data of the
received signal vector series r(t) after correlation and the
delayed received signal vector series r(t - IA 7 ) ‘delayed for
delay symbol number I, the received signal vector r.(t,,, + i
A7) in the reception chip timing k in the symbol and from
difference-and sum of the received signal vector sei:ies ety
+iA7T - IAT), namely ry(t; + iA 7)) at the same re_ception chip
timing, at which the series is delayed for delay‘_';irmbol I,
difference vector and add vector are derived. The "add vector
becomes €, (t;) = Ity + iAT) +r,(t,;+iA 7) and the difference
vector becomes B, ,(ty) = r(ty, + 1AT) - r(ty + iA‘E)..

Fig. 34 shofws a_procéss of vector selection and a process
of communication quality calculation in one embodiment of the
pi:'esent invention. The vector selection selects output. of the
vector calculation process to be input to the communication
quality' calculation process by a preliminarily éet vector
selection information sel, ,(t,), namely the .difference vector
and the add vector. The vector selection information is

information ON = 1 and OFF = 0 per symbol.
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The communication quality calculation uses input add

vector @', (t,) and the difference vector B',,(t;). From an
average of the difference vector, the interference signal power
is derived, and from an average of the add vector al;'l.d the average
of the difference vector, the desii'ed signal power is derived. |
SIR is derived from a ratio of the desired signal power and the
iﬁterferende signal power; |

_ F:Lg. 35 shows CPICH upon use of the transmit. diversity in
the mobile communicatlon system using W-CDMA cellular system.
CPICH is consisted of 150 symbols per one frame, a symbol series
consisted of four symbols (A, A, A, A) is transmifted from the
antenna #1 and a symbol series consiste‘d' of four symbols (A,
B, B, A) is transmitted from the antenna #2 Since the
transmission symbol series is once reset per one frame,
regularity of the four symbol period is not continﬁed at the
boundary of the frame. Therefare, in order to obtéin a series
where the correlation of the tra_nsmission symbol seﬁ-es becomes
1, the delay period has to be sé‘t at one fréme. Howe\_r_er, in case
of the series provided such long delay should go beyond the range.
where the influence of the propagation path is constant to make
it difficult to derive correct add vector and difference vector.

In order to avoid this, there are a method for selecting

only 'correct add vector and the difference vector by setting
the delay period to four symbols to avoid frame boundarj, the
delay period symbol is taken as one symbol, and a method for '
selecting only correct add vector and the difference vector
appearing every other symbol with taking one symbol as the delay
period symbol.
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Fig. 36 shows a principle of operation of the first

embodiment of the communication quality méasuring method upon
use of the transmit diversity accbrding to the present invention.
The synchroniz_-ation detection is calculated wiﬁh taking four
symbols as the delay period. Among 150 symbols in one frame,
146 symbols matches symbol of the series 2, 4 symbqlé from the

frame boundary do not match with the symbols in series 2.

Therefore, the correlation value of the series 1 and the series

2 can not be 1. Since this make is difficult to dei‘ive correct
add vector and difference vector, by setting the vector

information of part of unmatched symbol in the frame boundary
in the vector selection process, result of correct calculation

can be obtained in the communication quality calculating

process.

Fig.-37 shows a principlé of operation of th:e second
embodiment of the communication quality measuring-_'.-method upon .
use of the transmit diversity according to the preseﬁ? :-i.hvention.
Communication quality is calculated with tasking op—e symbol as
delay periqd. In the series 1, excluding first symbol from the
leading end of the frame, odd number ‘order symbol match with
the symbols in the series 2, but even number order symbols from
the leading end of the frame do not match. Therefore, the
correlation value of the series 1 and series 2 does not become
1. With leaving this, cor_iect add vector and the difference
vector can be calculated. Therefore, by setting vector
information to off = 0 for the first and even number order symbols

from the leading end 'of the frame, correct result of calculation

can be obtained in the communication quality calculation
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process.

Fig. 38 shows CPICH when transmit diversity is not applied -
in the mobile commun:.cation system used in W- CDMA cellular
system. The p:l.lot channel is consisted of 150 symbols for one
frame. A symbol series consisted of four symbols (A, A, A, A)
is repe_atedly transmitted only"fronll the antenna #1 ;with taking
four symbol as a period. While the transmission symbol series
is reset per one frame, since sy;iubol is constan-t_:,' xion:continuous -
at the frame boundary is not generated. Therefore , Sy applying
any delay period, correlation of thé transmission symbql series
becomes 1. Accordingly, at arbitrary delay period where time

correlation of the propagation path becomes small, ‘correct add

- vector and difference vector can be derived.

This d_emonstrétes capability of correct measurement of the
des_iréd signal power and the interference s.ig.nal porw:er when the
transmit diversity is not applied using either tiie method of
calculating the communication quality with taking ~%:o’ur symbols
as delay period as shown in Fig. 36 or the method of _t;alculating
the communj.cation guality v_with taking one 'sym.bol as delay period
as shown in Fig. 37. Accordingly, even when the base stations
applying the transmit diversity and the base stations not
applying the transmit diversity are présent, it becoxhes
unneceésary to change calculation method and the calculation
method is used conﬁnonly.

Fig. 39 shows a principle of operation of the third
embodiment of the communication quality measuring method upon
use of the transmit diversity aécording to the present invention.

With taking CPICH as channel to be measured upon use of the
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transmit diversity, the communication quality measuring method

which does not require the vector selecting portion 223 shown
in Fig. 29, is illustrated. The synchronization chip timing
detected by tl;le' synchronization detecting portion 221 and
accumulated in the synchronization chip t:l.ming.;' information
portion 225 is taken as reception chip timing. Then, fdet.ection

- of correlation is perfoi:'med with modifying the spreading code

of a reference signal adapting to the symbol nmnbgr. of the
received signals. The received signal vector fof _'each
transmission an.tenna is calculated from the foregoing equation
(4) using the :Eeceived signal vector obtained by correlation
detectiori.

Next, the add vector and the difference vector are
generated per each i:ransmission antenna. The desired signai
power and -the interference signal power upon use-—'o:f transm_it
diversity are derived from the add vector and thé- difference

vector for each antenna. InFig. 39, Nupon deriving the desired

. signal power and the interference signal power is_—number of

samples of the add vector or the difference vector per one
transmission antenna. For example, when the averaging period

is 150 symbols (number of symbols in one frame), for example,

"N becomes 74. On the other hand, in Fig. 39, correlation

detection is performed from the ieading end of the frame for
simplification, correlation détection .ji.s not necessarily
performed from the 1eading' end.

Fig. 46 showé the result of simulation in the third

embodiment of the communication quality measuring method upon

use of transmit diversity. Under the premise of synchi‘onization



10

15

20

25

- 62 -~

quality measurement using the measuring window, 4 times of

over-sampling points is performed for the chip timing.

‘Simulation is performed to set the received power of the desired

signal at 0 dBm (-3 dBm for each antenna), the r;eceived power

of the interference 's:i.gn'al at -100 dBm, and the path position

between transmitter and receiver at tenth chip in the

measurement window. From Fig. 40, at set path position between
transmitter and receiver, the:_'desired signal power and the |
interference‘_signal power can be calculated with higﬂ precision.

Fig. 41 shows a principle of operation of the fourth
embodiment of the communication quality measuring method upon
use of the transmit diversity according to the present invention.
With taking CPICH as the channel to be measured upon applied
of transmit diversity, the communication quality measuring
method not--requiring the vector selecting process~-223 of- Fig.
29 will be e_xplained. In the shown embodiment, from_f:he received
signal vector obtained from correlation detectio‘n_r.- only
received signal vector for one transmission antenna- is derived
from the foregoing equation (4). Here, the transmission antenna
to be seleéted is either antenna #1 or antenna #2. Calculation
is simple as the antenna #1 is .selected. 'In Fig. 41, the antenna
#1 is selected as thé selected transmission antenna.

Next, for the obtained received signal vector in one
transmission antenna, the add vector and the difference vector
are generated. The desired signal powér and the interference
signal power upon use of transmit diversity are calculated from
the add vector and the difference vector. In Fig. 41, N upon

deriving the desired signal power and the interference signai
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power is number of samples of the add vector or the difference

vector per one transmission antenna. For example, when the
averaging per:n.od is 150 symbols (number of symbols in one frame),
for example, N becomes 74. On the other hand, upon derivation
of the desired signal power and the interference signal power,
(P, + Ptz)/P,c1 is a correlation value which is a k_-nown value.
Here, P,, and P,, are transmitting power of CPICH in each |
transmission_ antenna. It should be noted that, in Fig. 41,
correlation detection is performed from the leadlrié end of the
frame for simplification. However, correlation detection can
be not necessarily performed from the leading end.

Fig. 42 shows a re_sult of simulation in the’ fourth
embodiment of the communication quality measuring method upcn
use of transmit diversity. Condition of simulation is the same
as Fig. 40. Fig. 42 shows the value before correction by the

transmitting power. At the path position between the

transmitter and receiver, it can be appreciated that the desired

signal power and the interference signal power are_—calculat_ed
at -3 dB lower ~than the set values. On the other hand, the

correction value is (P, + P;,)/P,; = 2 (3 dB). Accordingly, by
adding the correction valﬁe of 3 dB, the desired signal power

and the interference signal power can be correctly measured.
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WHAT IS CLAIMED IS:

1. A communication quality' measuring method in CDMA cellular

_éystem detectz:.ng a reception chip timing of a céhannel to be

. measured and measuring communication quality, characterized by

comprising:

time series generating step of generating two series of
data consisted of a time series data of a detectec_i value and
a time seriés data delayed fof one, two or more p'e:;"ciods, with
respect to said reception chip timing where the detécted value
becomes the same; |

métrix calculation step of deriving covariant matrix of

said two series data geherated in said time series generating

.step;

firsf:-power calculating step of deriving a desi_red signal
power and an interference signal power in said reééption .chip
timing from a eigenvalue of said covariant matri;;_ and

SIR calculating step deriving a SIR at said rec_:éption chip
timing from said desired signal power and said interference

signal power.

2. A communication quality measuring method in CDMA cellular
system as claimed in claim 1, which further comprises

third power calculation step of deriving an averaged
desired signal power and an averaged interference signal power
by performing averaging in a given period from said desired
signal power and said interference signal power obtained in said

first power calculation step and a second power calculation step,
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and
in said SIR calculation step, said SIR is derived from said
averaged desired signal power and said averaged interference

signal power.

3. A communication quality méasuring method in CD_MA cellular
system as claimed in claim 2; characterized in that when the
channel to be measured is plug.‘al and only one .-cor.?:elation
detector is useful, | -

in said third power calculating step, said averaged
desired signal power and said average interference signal power
are derived in time division, and

in said SIR calculation step, said SIR of a plurality of

channels are derived in time division.

Y

4, A communication gquality measuring method in Ci)MA cellular
system as c]_.aimed in claim 1, -characterized in tl;;;: when the
channel to be measured is plural and only one cor_'J-:elation
detector is useful, |

correlation detection of a plurality of channels is
performed in time division for generating two series generated

in the same reception chip timing per channel.

"~ 5. A communication quality x_neasuring method in CDMA cellular

system as claimed in claim 4, which further comprises
fourth power calculation step of deriving an averaged
desired signal power and an averaged intetferencé signal power

by averaging a given period from said desired signal power and
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said interference signal power obtained in said first power

calculation step and a second power calculation step, and
in said SIR calculation step, said SIR is derived from said

averaged desired signal power and said averag,ed interference

- signal power.

6. A communication quality measuring method in CDMA cellular |
system as claimed in claim 1, which further comprises: |

path de‘_tection step of deriving paths between:'l-:ransmitter
and receiver to be effective for communication from a value of

said SIR obtained in said SIR calculation step.

7 A communication quality measuring method in CDMA cellular
system detecting a reception chip timing of a channel to be

measured and measuring communication quality, charaeterized by

comprising: _

time series generating step of generating tgg-series of
data consisted of a time_eeries data of a detected value and
a time series data delayed for one, two or more periods, with
respect to-said.reception.chip_timing*whefe-the detected value
becomes the same; |

adding step of deriving an add vector from addition of
received signal necfors between two points close in reception
timing when said two series data generated in said time series
generating step becomes a particular correlation value;

subtracting step of deriving a difference vector from a

difference of received signal vectors between two points close

in reception timing:;
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‘second power calculation step of deriving a desired signal

power and ‘an' interference signal power by averaging said add

" vectors and said difference vectors; and

SIR calculating step deriving a SIR at said reception chip
timing from said desired sighal power and said interference

signal powér .

8. ‘A communication quality n}éasuring method in CDMA cellular
system as claimed in claim 7, which further comp;ise's

third power calculation step of deriving an averaged
desired signal power and an averaged interference signal power
by performing averaging in a given period from séid desired
signal power and said interference Signal power obtained in a
first power calculation step and said second power calcuiation
step, and -~ _ ) -

-in said SIR calculation step, said SIR is deri\_zed from said

—

averaged desired signal power;and said averaged i'xiterference.

signal power.

9. A communication quality measuring method in CDMA cellular
system as claimed in claim 8, characterized in that when the
channel to be measured is plural and only one correlation
detector is useful,

in said third power calculating step, said averaged
desired signal power and said average interference signal power
are derived in time division, and

in said SIR calculation step, said SIR of a plurality of

channels are _ derived in time division.
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10. A communication quality measuring method in CDMA cellular
system as cléimed in claim 7, characterized in that when the
éhannel to be-measured is plural and only one c}orrelation
detector is useful,

correlation detection of a plurality of channels are
performed in time division for generating two series generated

in the same i'eception ch_ip timing per channel.

11. A communication quality measuring method in CDMA cellular
syétem as claimed in claim 10, which further comprises
fourth power calculation step of deriving an averaged
desired signal power and an averaged interference signal powér
by averaging a given period from said desired signal power and
said interference signal power obtained in said -first power
calcuiation step and a secbhd___power calculation _step, and
in said SIR calculation step, said SIR is deri'i_rg;l from said

averaged desired signal power and said averaged i_riterference

signal power.

12. A communication quality measuring method in CDMA cellular
system as claimed in claim 7, which further comprises:

| path detection step of deriving paths between transmitter
and receiver to be effective for communication from a value 6f

said SIR obtained in said SIR calculation step.

13. A communication gquality measuring apparatus in CDMA

cellular system detecting a reception chip timing of a channel
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to be measured and measuring communication quality,

characterized by comprising:

time series generating means for generating two series of
data consisted of a time series “data of a detected value and
a time series data delayed for one, two or more periods, with
respect to said reception chip timing where the detected value
becomes the same; '

matrix calculation means- :Eor deriving covariant matrix of
said two series data generated in said time series generating
means;

first poWer calculating means .for deriving a desired
signal power and an interference signal power in said reception
chip t:|.m1ng from eigenvalues of said covariant matrix; and

SIR calculating means deriving a SIR at said reception chip
timing from said desired signal power and said interference

signal power. : - z
14. A communication quality measuring apparatus_in CDMA
cellular system as claimed in claim 13, which further comprises:
third power calculation means for deriving an averaged
desired signal power and an averaged interference signal power
by performing averaging in a giiren period from said desired
signal power and said interference signal power obtained in said
first power calculation means _and a second power calculation

means.

| 15. A communication quality measuring apparatus in CDMA

cellular system as claimed in claim 14, characterized in that
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when the channel to be measured is plural and only one correlation
detector is useful
said th.rrd power calculatn.ng means derives said averaged

desired signal power and said average interference signal power

"in time d1v1sion, and

said SIR calculation means derives said SIR of:a plurality

' 'of channels in time division.

16. A communication quality measuring apparatus in CDMA |
cellular system as claimed in claim 13, characterized in that
when the channel to be measured is plural and only one correlation
detector is useful,

correlation detection of a plurality of channels is
perf_ormed in time division for generating two series generated

in the same reception chip timing per channel. - )

17. A communication quality measuring apparatus "in CDMA
cellular system as claimed in claim 16 ., which further-comprises :
foﬁrth power calculation means for deriving an averaged
desired signal power and an averaged interference signal power
by averaging a given period from said desired signal power and
said interference signal poﬁer obtained in said first power

calculation means and a second power calculation means.

18. A communication quality measuring apparatus in CDMA
cellular system as claimed in claim 13, which further comprises
path detection means for deriving a path between

transmitter and receiver to be effective for comaniCation from
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a value of said SIR obtained in said SIR calculation means.

19. A communication qué.l:i.ty measuring apparatus in CDMA
cellular sYstem ‘detecting a recebtion chip tiniiﬂg of a channel
to be measured and measuring communication quality,
characterized by comprising: _ -

time series generating means for genei:ating two series of
data consisted of a time serigs data of a detected value and
a time eeries_ data delayed fo:& one, two or more pefipds, with
respect to said reception chip timing where the detected value
becomes the same; )

adding means for deriving an add vector from-addition of
received signal vector between two points close in reception
timing when said two series deta-generated in said time series
generating means becomes a particular correlation ':value;

subtracting means for de‘;:ivihg a difference_;vector from

——

a difference of received signalvectors between two 'ﬁoints close
in reception timing; _ | )

_ secoqd power calculation nie_ans for deriving a .desired
signal power and an interference signal power by averaging said
add vectors and said difference vectors; and

SIR calculating means deriving a SIR at said reception chip

timing from said desired signal power and said interference

signal power.

20. A communication quality measuring apparatus in CDMA
cellular system as claimed in claim 19, which further comprises

third power calculation means for deriving an averaged
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desired signai power and an averaged interference signal power
by performing averaging in a given period from said desired
signal power and said interference signal power obtained in a
first power calculat:.on means and said second power calculation

means.

21. A communication quality measuring apparatus in CDMA
cellular system as claimed in. claim 20, characterized in that
when the channel to be measured is plural and only one correlat:.on
detector is useful,

said third power .calculating means derives said averaged
desired signal power and said average interference signal pov}er
in time division, and | |

said SIR calculation means derives said SIR of a pluralitj

of channels in time division. " - -

e =

22. A communication quality measur:l.ng apparatus in CDMA
cellular system as claimed in claim 19, character:n_.zed in that
when the channel to be measured is plural and only one corre]_.ation
detector is useful, | |
correlation detection of a plurality of channels is
performed in t1me division for generating two series generated

in the same reception chip tim::.ng per channel.

23. A communication quality measuring apparatus in CDMA
cellular system as claimed in claim 22, which further comprises
fourth power calculation means for deriving an averaged

desired signal power and an averaged interference signal power
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by averaging a given period from said desired signal power and

said interference signal power obtained in said first power

calculation means and a second power calculation means.

24. A communication quality measuring apparatus in CDMA
cellular system as claimed in claim 19, which furthe,r'comprises
path detection means for deriving a path between

transmitter and receiver to be -_éffectivé for communication from

a value .of said SIR obtained in said SIR calculai:ion means.

25. A communication quality measuring method in CDMA cellular

| system detecting reception chip timing of channel tobe measured

repeatedly transmitted a transmission symbol series of a known

pattern and performing measurement of communication quality,

characterized by comprising: = _ -
correlation detection step of performing correlation

detection of received signal using a code series spreading said
channel to be measured; ) |
delay step of delaying one of received series detected in
said correlation detection step for one, two or more sym'pol
period within a range where mutual correlation between

transmission symbol series is 1 and influence of a propagation

.path can be regarded as the same;

vector calculation step of calculating difference vector
and add vector from difference value and add value of respective
received signal vectors of the same reception chip timing in
the other received series detected by said correlation detection

step and the received series provided delay in said delay step:
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communication quality,calculation step ¢. cvaiculating a

and

desired signal power, an interference signal power and SIR from
said difference vector and said add vector calculated in said

vector calculation step.

26. A communication quality measuring method in CDMA cellular
system as claimed in claim 25 . which further comprises
vector selection step of selecting only result of
calculation at the same reception chip timing of received symbol
matching respective transmission symbols among difference
vector and add vector calculated in said vector calculation step

when a correlation between the other received series detected

in said correlation detection step and the received series

delayed in-'said delay step is smaller than one. —

27. A communication quelity measuring method in CDMA cellular
system detecting reception chip timing cf channel to pe measured
repeatedly transmitted transmissicn symbol series of
respectively different known pattern using common spreading
code from different antennas upon use of transmit diversity and
performing meésurement of communication quality, characterized
by comprising: |

correlation detection step of performing correlation
detection of received signal using a code series spreading said
channel to be measured; _

delay step of delaying one of received series detected in

said correlaticn detection step for one, two or more symbol
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period within a range where mutual correlation between
transmission symbol series in said different antennas is 1 and
influence of a propagation path can be regarded as the same;
vector c-alculation step of calculating difference vector
and add vector from difference value and add value of respective
received signal vectors of thé same reception chip .timing in
the other received series detected by said correlation detection

step and the received series pJé’ovided delay in said delay step;

and

communication quality calculation step of calculating a
desired signal power, an interference signal power and SIR from
said difference vector and said add vector calculated in said

vector calculation step.

28. A communication quality measuring method in CDMA cellular
system as claimed in claim 27, which further com_prises
vector selection step of selecting only res'—i;J:t of
calculation at the same reception chip tinﬁ.ng of rec_e:'i.ved symbol
matching respective transmission symbois of the different
antenna among difference vector and add vector calculated in
said vector calculation step when a mutual correlation between

transmission symbol series in said different ahtenna is smailer

than one. -

29. A communication quality measuring apparatus in CDMA
cellular system detecting reception chip timing of channel to
be measured repeatedly transmitted a transmission symbol series

of a known pattern and performing measurement of communication
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quality, characterized by comprising:

correlation detection means for performing correlation
detection of reeeived signal using a code series spreading said
channel to be-measured; -

delay means for delaying one of received series deteeted
in said correlation detection etep for one, two or ;mere symbol
period within a range where mutual correlation between
transmission symbol series is I and influence of a Propagation
path can be '_regarded as the same; R .

vector calculation means for calculating difference
vector and add vector from difference value and add value of
respective received signal vectors_ of the same reception chip
i:imi'ng in the other received series detected by said cerrelation
detection step and the received series provided delay in said
delay step; and | | — ;

communica'tion qualify calculation means for_--c_alculating
a desired signal power, an interference signal pi;'v—'v-er and SIR
from said difference vector and said add vector ca_iculated in

said vector calculation step.

30. A communicatiori quality measuring apparatus in CDMA
cellular system as claimed in claim 29, which further compi'ises
vector selection means for selecting only result of
ealculation at the same reception chip timing of received symbol
matching respective transmission symbols among difference
vector and add vector calcﬁlated in said vector calculation step
when a correlation between the other received series detected

in said correlation detection step and the received series

TR I e
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delayed in said delay step is smaller than one.

31. A communication quality measuring apparatus in CDMA
cellular systém-detecting reception chip timing;of channel to
be measured repeatedly transmitted transmission symbol_-series
of respectively different known pattern using common -spreading
code from different antennas upon use of transmit diversity énd
performing measurement of comt_;nication quality, cha_.racterized
by comprising: B

correlation deteétion means for berforming correlation
detection of received signal using a code series spreading said |
channel to be measured:;

delay means for delaying one of received series detected
in séid correlation detection'étep for one, two or more symbol

period within a range where mutual correlation between

_transmissipn symbol series in gaid different antennas is 1 and

influence of a propagation path can be regarded as the same;
vector calculation means fof calculating di_f.-ference

vector and add vector from difference value and add value of

respective- received éignal vectors of the same reception chip

timing in the other received series detected by said correlation

_ dei:ection step and the received series provided delay in said

delély step; and

communication quality calculation means for calculating
a desired signal power, an interference signal power and SIR
from said difference vector and said add \}ector calculated in

said vector calculation step.
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32. A communication quality measuring apparatus in CDMA

cellular system as claimed in claim 31, which further comprises
vector selection means for selecting only result of
calculation a1£ the sanié reception chip timing of r;eceived symbol
matching respedt_ive transmission symbols of the different
antenna among difference vector and add vector 0q16u1ated in
said vector calculation step when a mutual correlation between
transmission symbol series in said different antenna is smaller .

than one.

33. For measuring communication quality in a mobile receiving .
station in a mobile communication system employing a CDMA
cellular system, using channel spread with spreading code and
constantly transmitted froni a base station, a synchronization
detecting -method in CDMA cellﬁlar system charactefized by
comprising the step of: _ ' )
in said mobile receiving:_ station, determini_i;g-j a

synchronization chip timing of a channel to be me_ésure_d by

detecting partial correlation value between spreading code to

be measured and a received signal.

34. A synchron:.zat:l.on detecting method in CDMA cellular system
as cla:n.med in cla:Lm 33, characterized in that a matched filter

is used upon detection of said partial correlation value and

a synchronization chip timing of the channel to be measured is

detected by sequentially rewriting the code in said matched

filter.
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35. A synchronization detectingmethod in CDMA cellular system
as claimed in claim 34, characterized in that an averaging period
and sampling period are preliminarily set in advance of
performing sa.i_.d' synchronization detection, and ;the
synchronizatioxi chip timing of the c.hannel' to be measured is
detefm:i.ned on the basis of a value derived by averéging of
detected plurality of i)artial correlation values in said
averag:i.ng pefiod by detecting the part'ial detectior_n_ values per

set sampling period.

36. A synchronization detecting method in CDMA cellular system
as claimed in claim 35, characterized in that upon averaging

process of said detected plurality of partial correlationvalues,

the synchronization chip timing of the channel to be measured

is determined using an averaged value by preliminarily
calculating said averaged value by power averaging process or

vector averaging process.

37. A synghfonization detecting method in CDMA celluiar system
as claimed in claim 36, characterized in that the
synchronization chip timing of the channel to be measured is
determined by enabling setting of process of said averaging
process for a plurality of i:imes and using the averaged value
derived by a plﬁraiity of times of averaging process by the same

or different averaging method in each process.

38. A synchronization detectingmethod in CDMA cellular system

as claimed in claim 33, characterized in that an averaging period



10

. 15

20

25

WAy M

and sampling period are preliminarily set in advance of
performing said synchronization detection, and the
synchronization chip timing of the channel to be measured is
determined on -'the basis of a value derived by éveraging of
detected plural'ity of partial correlation vélues in said
averaging period by detecting fhe pa;rtiail detection x}alues per

set sampling period.

39. Asynchronization detecting method in CDMA celiﬁlar system
as claimed in claim 38, characterized in that upon averaging
process of said detected plurality of partial correlation values,
the synchronization chip timing of the channel to be measured
is determined using an averaged value by preliminarily

calculating said averaged value by power averaging process or

vector averaging process. ’ ' -

40_. A synchronization detecting method in CDMA cel“jl.'—i;lar system
as claimed in claim 39, characterized in that.the_— |

synchronization chip timing of the channel to be measured is
determined by ené.bling setting of process of said averaging
process for a plurality of times and using the averaged value
derived by a plurality of 'times' of. averaging process by the same

or different averaging method in each process.

41. A synchronization detectingmethod in CDMA cellular system
characterized by comprising the steps of performing
synchronization' chip timing detection process for a plurality

of times as defined in any one of ciaims 33 to 40, and making
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judgment whether synchronization chip timing of a channel to

be measured is to be determined using an average value of a
plurality of timing value and a standard deviation value, the
synchronization- chip timing of the channel to b;e measured is
determined with providing a given .range,. or synchronization

detection is to be performed again.

42. For measuring communication quality in a mob_ile receiving
station in a mobile communication system employiiig a CDMA
cellular system, using channel spread with spreading code and
constantly transmitted from a bese station, a synchronization
detecting device in CDMA cellular system characterized by
comprising:

said mobile receiving station including means for
d'etermini-n_g a synchronization ‘chip timing of a chennel to be
measured by detecting partial_correlation value :oetween
epreading code to be measﬁred-__ and a received sig‘r_;e—l.
43. A synchronization detecting device in CDMA cellular system
as claimed i‘n claim42, cheracterized in that said means includes
a matched filter is used upon detection of said partial
correlation value .and a synchronization chip timing of the
channel to be measured is detected by sequentially rewriting

the code in said matched filter.

44. A synchronization detecting device in CDMA cellular system

as claimed in claim 43, characterized in that said means

preliminarily sets an averaging period and sampling period in



10

15

20

25

S+ ¢ L M 0§ %

- 82 -

'advance of performing said synchronization detection. and

determines the synchronization chip timing of the channel to
be measured on the basis of a value derived by averagihg of

detected plurality of part'ial correlation valu;es .in said

-averaging period by detecting the partial detection values per

set sampling period.

45. A synchi:‘onization detecting device in CDMA celJ:ular system
as claimed in claim 44, characterized in that upc;ﬁ averaging
process of said detected plurality of partial correlation values,
said means determines the synchronization chip timing of the
channel to be measured using an averaged value by preliminarily
calculating said averaged value by power averaging process or

vector averaging process.

-

46. A synchronization det.ect:l_.ng device in CDMA cei__lular system
as claimed in claim 45, characterized in that sa.‘;'.—'d~ means

determines the synchronization chip timing of the__channel to
be measured by enabling setting of process of said averaging
process fo“r a plurality of times and using the averaged value
derived by a plurality of times of averaging process by the same

or different averaging device in each process.

47. A synchronization detecting device in CDMA cellular system
as claimed in claim 42, characterized in that said means
preliminarily sets an averaging period and sampling period in
advance .of performing said synchronization detect'ion, and

determines the synchronization chip timing of the channel to
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be measured on the basis of a value derived by averaging of

detected plurality of partial correlation values in said
averaging period by detecting the partial detection values per

set sampling period.

48. A synchronization detectihg device in CDMA cel.'_l.uiar system
as claimed in claim 47, characterized in that upon averaging
process of said detected plurality of partial correla?:ion values,
said means determines the synchronization chip tiﬁing of the
channel to be measured using an averaged value by preliminarily
calculating said averaged value by power averaging process or

vector averaging process.

-49. A synchronization detecting device in CDMA cellular system

as cla:.med in claim 48, charac¢terized in that sa—:.d means

determines the synchronization chip timing of the channel to_

—

be measured by enabling setting of process of said averaging

process for a plurality of times and using the ave_i'aged value

derived by a plurality of times of averaging process by the same

or different averaging device in each process.

50. A synchronization detecting de_vice in CDMA cellular system

characterized by comprising means for performing

'synchroni_zation chip timing detection process for a plurality

of times as defined in any one of claims 42 to 49, and making
judgment whether synchronization chip timing of a channel to
be measured is to be determined using an average value of a

plurality of timing value and a standard deviation value, the



10

15

20

25

- 84 -
synchronization chip timing of the channel to be measured is

determined with providing a gi_ven range, or synchronization

detection is to be performed again.

51. In a mobile communication system employing CDMA cellular
system using a common pilot channel constantly transmitted from
a base station in a mobile communication system upon use of
transmit divérsity for measur-f_[:ng communication qu_glity in a
mobile station being measured, a synchronization:_detecting
method in CDMA cellular syétem characterized by comprising:

said mobile station separating received signal vector

obtained by correlation detection of received signal per symbol

into received signal vector per transmission antenna by
performing addition and subtraction before and after symbol,
and determining synchronization chip timing on the basis of a

value derived by addition of the received signal veci_ior in power.

52. A synchrbnization detecting method in CDMA celq.;.llar system
as claimed in claim 51, characterized in that the

synchronization chip timing is determined on the basis of a value
derived by addition of an ave::age vector derived by averaging
received signal vector per each of a plurality transmission
antenna obtained 'over a plurality of period with taking a unit
where symbol pattern of signals transmitted from a plurality

of transmission antenna becomes orthogonal between antennas.

53. A synchronizationdetecting method in CDMA cellular system

determining synchronization chip timing on the basis of a value |
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derived by performing synchronization chip timing detection
process defined in claim 51 or 52 for a plurality of times and
performing addition of obtained plurality of power.

54. In a mobile communication system employing CDMA cellular
system using a common pilot channel constantly trahs_mitted from

a base station in é mobile communication system upon use of

- transmit divérsity for measuring communication quality in a

mobile station being measured, a synchronizationm detecting
device in CDMA cellular system characterized by comprising:
. .said mobile station includes means for separating received
signal vector per separating received signal vector obtained
by detecting correlation per symbol by performing addition and
subtraction before ‘and after sjmbol, -and determining
synchronization chip timing on the basis of a value :derived by

addition of the received signal' vector in power. :

e——

55. A synchronization detecting device in CDMA ce11_.;11ar system
as claimed in claim 54, whei:‘e:i.n said means determines thé
synchronization chip timing on the basis of a value derived by
addition of an average vector derived by averaging received
signal vectc_)r per each of a plurality transmission antenna
obtained over a plﬁrality of period with taking a unit where
symbol pattern of signals transmitted from a plurality of

transmission antenna becomes orthogonal between antennas.

56. A synchronization detecting device in CDMA cellular system

determining synchronization chip timing on the basis of a value
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derived by performing synchronization chip timing detection
process defined in claim 54 or 55 for a plurality of times and
performing addition of obtained p]_.urality of power.
57. In a mobile communication system employing CDMA cellular
system using a common pilot channel constantly trans_m_itted from
a base station in a mobile communication system upon use-of
transmit divérsity for measur:ing communication qq;tlity in a
mobile station being measured, a communication qﬁélity
measuring method in CDMA cellular system characterized by
comprising:

in said mobile station, received signal vector obtained
by correlation detection of received signal per symbol being
separated into received signal vector per transmission antenna
by performing addition and subtraction befoi:e and afi":er symbol;
and - — B

a desired signal power, an interference sign‘;l— power and
SIR being calculated by deriving add vector and Q;i.fference
vector of two received signal vectors spaced for a plurality
of symbol periods per transmission antenna, and performing

averaging process of said add vector and slaid' difference vector.

58. A communication quality measuring method in CDMA cellular
system as claimed in claim 57, characterized in that said add
vector and said difference vector are derived from the received

signal vector of one transmission antenna and said desired

.signal power, said interference signal power and SIR are derived

by adding a predetermined correction value.
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59. A communication quality measuring method in CDMA cellular
system as claimed in claim 58, characterized in that said desired
signal power a-nd said interference signal power; are averaged,
and said desired signal power, said interference signal power
and SIﬁ are calculated by adding a predetemine’d_.t:brrection

value.

60. In a mo_bile communication system employing CDMA cellular
system using a common pilot channel constantly transmitted from
a base station in a mobile 60mmunication system upon use of
transmit diversity for measuring communication quality in a
mobile station being measured, a communication quality
measuring a_pparatus in CDMA cellular system characterized by
comprising.; o | —

said _m_obile station includes means for receiv__ing received
signal vector obtained by correlation detection."gf received
signal per symbol being separated into received si_.énal vector
per transmission antenna by pérfdrming addition and subtraction |
before and after symbol, and calculat:i.ng a desired signal power,
an interference signal pbwer and SIR by deriving add vector and
difference vector of two received signai vectors spaced for a
plurality of symbol periods per transmission antenna, and |
performing averaging process of said add vector and said

difference wvector.

61. A communication quality measuring .apparatus in CDMA

cellular system as claimed in claim 60, characterized in that
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said means derives said add vector and said difference vector

from the received signal vector of one transmission antenna and
derives said desired signal power, said interference signal

power and SIR by adding a predeterminéd correcii:ion value.

62. A communication qﬁality measuring apparatus. in CDMA
cellular system as claimed in claim 61, characterized in that
said means averages said desi_;:ed' signal power a_nd_ said
interference signal power, and calculates said de;ired signal
.power, said interference signal power and SIR by adding a

predetermined correction value.



