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APPARATUS AND HBTHOD FOR MEASUREMENT OF COMMUNICATION 

QUALITY IN CDMA SYSTEM 

· BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention re~ates genera11y to a method and 

an apparatus-_ for measurement of conununication qua1i ty in a 

lo mobi1e conununication system using a CDMA ce~J.uiar system. More 

particu1ar1y, the invention re1ates to a method and an apparatus 

for measuring desired signa1 power, interference signa1 power, 

SIR and propagation paths between transmitter and receiver, as 

conununication qua1i ty. A1so the invention re1ates to a method 

15 and a syst~m for detection of-synchronization suitab1e for 

measuring conununication.qua1ity using channeis spread by 

20 

re1ative1y 1ong known spreading code constant1y transmitted by 

insta11ed base stations. 

DESCRIPTION OF THE RELATED ART 

In CD~ ce11u1ar system, it is required to detect a 

synchronization chip timing of a channe1 to measure, name1y a 

reception chip timing in conventiona1 measurement of 

2s conununication qua1ity (propagation characteristics). It 

shou1d be noted that the reception chip timing is premised to 

match with a position of a path between transmitter .and receiver 

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

timing for deriving a received signal vector in the reception 

chip timing from a correlation value. 

Fig. 1 shows a process for deriving a desired signal power 

5 and an interference signal power. The signal vector set forth 

above is a sum of the desired signal and the interfer~nce signal. 

Therefore, a received signal vector obtained within a certain 

given period (normally about -~ to 5 symbols) is summed and 
.. 

averaged to ~ake obtained vector as a desired signal vector. 

10 The desired signal power 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 correlat~on is referred to as one symbol. 

15 Eff e'?ti ve paths between transmitter and receiver presents 

in about three to five paths µi urban area in general (here, 

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

desired signal power, the _interference signal powe:i: and SIR for 

all of the effective paths, corresponding number of fingers are 

20 required to be not effective. On the other hand, vector 

averaging is included during process of measurement, it is 

essential that 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. 

25 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 preceding and following symbols to 

separate into received signal vector per each transm1ssion 

antenna. Next, -the desired signal power and the interference 
• 

5 signal po~er are derived by performing the foregoing calculation 

per each received signal vector. By combining t~e desired 

signal power and the interference signal power obtained for each 

transmission antenna, the des~red signal power ~nd the 

interference signal power upon use of the transmit diversity 

10 is derived. 

During this process, the received signal vector for each 

transmission antenna can be obtained only ~t every two symbol 

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

namely num~er of received signal vectors, becomes smaller in 

1s compariso~--with the case where the transmit diversity is not 

applied, to degrade measuremen~_precision for each transmission 

antenna. When number of samp];~s is set to be the· ·same number 
-

as that when the transmit diversity is not applied, phase 

variation of the desired signal vector due to fading becomes 

20 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 

25 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 position of the· finger has to be updated. When 

updating speed is·1ow relative to movement of the path, the 

rec_eption chip timing and path position can be off set. 

Therefore, obtained measured value cannot be c~rrect. 

As a method for detection of synchronization chip timing, 

namely a method that the mobiie equipment detect~ of 

synchronization with the connecting base station at a preceding 

stage to perform measurement ff conununication qµa~ity, so­

·called 3-ste~ cell search method is used in a wide band CDMA 

10 (hereinafter referred to as W-CDMA) cell~lar system. More 

particularly, so-called 3-step cell search method is a method 

performing detection of synchronization using three channels 

of PSCH (Primary Synchronization CHaiinel), SSCH (Secondary 

Synchroniza~ion CHannel), CPICH (Conunon Pilot CHannel) 

1s transmitted from the base stat:ton. A cause why tlll'ee channels 

are used by the 3-step cell se~rch method is that _·the code of 

the channel transmitted from th~ base station (scrambling code) 

is unknown. 

However, in measurement system or the like, in which the 

20 base station as object for measurement (objective scrambling 

code), the 3-step cell search method cannot be effective 

synchronization detection method. For example, when CPICH 

transmitted from the base station is used as channel to be 

measured, detection of synchronization .may be performed by using 

2s 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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1.mmediate1y after detection of synchronization and when the 

synchronization chip timing may be determined with a certain 

range, comp1ete synchronization detection is not required. 

Furthermore, it ·is possib1e to perform measureme~t of a service 

5 area by insta1iing pseudo base station in advance of actua1 
-· 

insta11ation of the base station. In such case, :it is not 

efficient to tra~smit three channe1s corresponding PSCH, SSCH 

and CPICH by the pseudo base.~tation for measurement. 

By the ·_conventiona1 method, for measuring conununication 

10 qua1ity (propagation characteristics} at.high precision, 

corre1ation detectors ca11ed as fingers are provided in number 

corresponding to number of the paths, and insta11at:ton position 

. of each finger (reception chip timing) has to be certain1y 

matched wit]'.l the position of the path. A1so, it is not efficient 

15 for constraint condition for ·number of samp1es and samp1ing 

intervai upon deriving the de~red signa1 power,_the 

interference signa1 power in each reception chip timing. 

On the other hand, it is not efficient in that number of 

samp1es and samp1ing interva1 are different depending upon 

20 whether transmit diversity is app1ied or not. 

25 

Furthermore, in the conventiona1 method, upon performing 

detection of synchronization of the channe1 to be measured, 

channe1 other than the channe1 to be measured is required to 

be inefficient. 

SUMMARY OF THE INVENTION 

The present invention has been worked out the prob1ems set 

.. 
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forth above. It is therefore an object of the present invention 

is to provide a conununication qua1ity measuring method and an 

apparatus for measurement of conununication qua1i ty (propagation 

characteristics) with high precision and high-~fficiency by 

s taking a11 chip ·timing in a range set at a reception chip timing 

detected in a pre1iminary step of measurement, anq generating 

two time series having severa1 period of time difference from 

10 

a received signa1 vector of the =same chip timing obtained within 

a certain giyen period. 

Another object of the present invention is to provide a 

synchronization detecting method and apparatus which can 

perform detection of synchronization for measurement at high 

speed, high precision and high re1iabi1ity. 

A fur~her object of the present invention to provide a 

1s synchroni~tion detecting method and apparatus which can 

perform detection of synchron~ation for measurement at high 

speed, high precision and higb re1iabi1ity whi1e- ·transmit 

diversity is app1ied. 

In order to accomp1ish the above-mentioned object, 

20 according to the 1st invention, a conununication qua1ity 

measuring method in CDMA ce11u1ar system detecting a reception 

chip timing of a channe1 to be measured and measuring 

conununication qua1ity, comprises: time series generating step 

of generating two series of data consisted of a time series data 

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

or more periods , with respect to the reception chip ti.ming 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 g~nerating st~p; first power cal.cul.a ting step 

of deriving a desired signal. power and an interference signal. 

power in the reception chip timing from eigenval.ues of the 

covariant matrix; and SIR cal.cul.ating step der~ving a SIR at 

5 the reception chip timing from the desired signal. power and. the 

interference signal. power. With this method, the de~ired signal. 

power, the .interference signal.· power and SIR ·can be mea·sured 

without restriction of sampl.e .. ~number and sampl.i~g interval. in 

10 

series. 

According to the 2nd invention, a c~nununication qual.ity 

measuring method in CDMA cel.l.ul.ar system detecting a reception 

chip ti.ming of a channel. to be measured and measuring 

conununication qual.ity, compris.ing: time series generating step 

of generati?g two series of data consisted of a time series data 

-15 of a detected val.ue and a time series data del.ayed-for one, two 

or more periods, with respect t9- the reception chip timing where 

the detected val.ue becomes th~ same; adding step- ·of deriv.ing 
-

an add vector from addition of received signal. vector between 

two points cl.ose in reception timing when the two series data 

20 generated .in the time series generating step becomes a 

particul.ar correl.ation val.ue; subtracting step of deriving a 

difference vector from a difference of received signal. vectors 

between two points cl.ose in reception timing; second power 

cal.cul.at.ion step of deriving a desired signal. power and an 

25 interference signal. power by averaging the add vectors and the 

difference vectors; and SIR cal.cul.a ting step deriving a SIR at 

the reception chip timing from the desired signal. power and the 

interference signal. power. With this method, the desired signal. 

,,. 
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power, the interference signal power and SIR can be simply and 

precisely measured without restriction of sample number and 

sampling interval in series. 

According to the 3rd invention, in the 1st an~ 2nd invention, 

s a communication 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 avefilging in a given per~od from the 

desired sign~l power and the interference signal power obtained 

10 in a first power calculation step and th~ 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. 

Accor~ing to the 4th invention, in the 1st and 2nd invention, 

15 when the channel to be measured i'S plural and only one-·correlation 

detector is useful, correlati~ detection of a plurality of 

channels are performed in tim~ division for generating two 

series generated in the same reception chip timing per channel. 

According to the 5th invention, in the 4th invention, a 

20 cominunication quality measuring method in CDMA cellular system 

further comprises 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 power obtained in the first 

2s power calculation step 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 channel to be Measured 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 are derived in time division, and.in the SIR 

5 calculation step, the SIR of a plurality of channels are derived 

in time division. 

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

the communication quality mea~uring method in CDMA cellular 

system furth~r comp~ises path detection step of deriving paths 

10 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 value of measured SIR 

matches the_position of the path effective for communication, 

15 or not, is facilitated. On the l>ther hand, when all:-chip timing 

in the measurement window inclup.ing the detected reception chip 

timing are taken as object for ~easurement, effective path can 

be derived from the value of SIR of each chip. 

According to the 8th invention, a communication quality 

20 measuring apparatus in CDMA cellular system detecting 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, 

25 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 frqm the desired 

5 ·signal power arid the interference signal power. With this 

method, the desired signal power, the inter£ erence $ignal power 

and SIR can be measured without restriction of sample number 

and sampling interval in seri~s. 

Accord~ng to the 9th invention, a conununication quality 

io measuring apparatus in CDMA cellular sys~em detecting a 

reception chip timing of a channel to be measured and measuring 

conununication quality, comprises: time series generating means 

for generating two series of data consisted of a time series 

data of a de~ected value and a time series data delayed for one, 

15 two or mor~·periods, with respe-ct to the reception-·chip timing 

where the detected value beco~s the same; adding means for 

deriving an add vector from addition of received si.°gnal vector 

· between two points close in reception timing when th~ two series 

data generated in the time series generating means becomes a 

20 particular correlation value; subtracting means for deriving 

a difference vector from a difference of received signal vectors 

between two points close in reception timing; second power 

calculation means for deriving a desired signal power and an 

interference signal power by averaging the add vectors and the 

25 dffference vectors; 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 simply 
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and precisely measured without restriction of sample number and 

sampling interval in series. 

According to the 10th invention., in a·th or 9th invention, 

the conununication quality measuring apparatus in: CDMA cellul.ar 

s system further comprises third power cal.culation means for 

deriving an averaged desired signal power ~nd an~averaged 

interference signal. power by performing averaging in a given 

period from the desired signal Jifower and the interf e~_ence signal. 

power obtain~d in the first power calculation means and a second 

10 power calculation means. 

According to the 11th invention., in 8th or 9th invention., 

when the channel to be measured is plural and only one :correlation 

detector is useful, the time series generating means derives 

the average~ desired signal power and the average interference 

15 signal pow~r in time division; and the SIR calcu1ation means 

derives the SIR of a pluralitii:-of channels in time division. 

According to the 12th invention, in the 11th invention, 

the conununication quality measuring apparatus in CJ:?MA cellular 

system further comprises fourth power calculation means for 

20 deriving an averaged desired signal power and an averaged 

interference signai 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. 

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

the conununication 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 obtai.ned 

in a first power calculation means and the second power 

calculation means. 

According ·to the 14th invention, the communication quality 

measuring apparatus in CDMA ce11u1ar system furth~r comprises 

path detection means for deriving paths between transmitter and 

receiver to be effective for c9mmunication from a va1ue of the 

SIR obtained in the SIR calculation means. With this 

10 construction, judgment can be done easily w~ether the reception 

chip 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 

1s for measur~ent, effective paths can be derived from the value 

of SIR of ~ach chip. 

According to the 15th invention, a communication quality 

measuring method detecting reception chip timing of channel to 

be measured repeatedly transmitted a transmission symbol series 

20 of a known pattern and performing measurement of communication. 

quality, comprises: correlation detection step of perf arming 

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 

2s 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 calculation 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 reception chip timing in 

the other received series detected by the correlation detection 

step and the received series provided delay in t~e delay step; 

5 and communication quality calculation step of calculating a 
. .. 

desired signal power, an interference signal power ~nd SIR from 

the difference vector and the add vector calculated in the vector 

calculation step. With this !!fethod, by providing a time 

. difference w1thin a range where the correlation between the 

10 transmi:ssion symbol series is 1 and influen<?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. 

AccorQ.ing to the 16th invention, a communication quality 

15 measuring l!'ethod detecting reception chip timing of channel to 

be measured repeatedly transmi_tted transmission symbol series 

of respectively different known_pattern using common spreading 

code from different antennas upon use of transmit d~versity and 

performing measurement of communication quality, comprises: 

20 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 correlation detection step for one, two or more 

symbol period within a range where mutual correlation between 

25 transmission symbol series in the different antennas 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 

.. 
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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 connnunication quality calculati9n step of 9a1cu1ating a 

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

the difference vector and the add vector calculated i_n the vector 

calculation step. 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 

io precisely and easily. 

According to the 17th invention, in the 15th invention, 

the connnunication qual.ity measuring apparatus further comprises 

vector selection step of sel.ecting only result of calcul.ation 

at the same_reception chip timing of received symbol. matching 

1s respective.~-transmission symbols of the different antenna among 

difference vector and add vector calcul.ated in the vector 

cal.culation step when a mutual. c9rrelation between transmission 

symbol series is smaller than one. 

According to the 18th invention, in the 16th invention, 

20 the connnunication qual.itymeasuring 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 antenna among 

difference vector and add vector calcul.ated in the vector 

2s cal.culation step when a mutual correlation between transmission 

symbol series in the different antenna is small.er than one. 

According to the 19th invention, a communication qual.ity 

measuring apparatus detecting reception chip timing of channel 



...... 
-.. 

- 15 -

to be measured repeated1y transmitted a transmission symbol 

series of a known pattern and performing measurement of 

connnunication qua1i ty, comprises: corre1ation detection means 

for performing corre1ation detection of received signa1 using 

s a code series spreading the channe1 to be measured; de1ay means 

for de1aying one of received series detected in the ~orre1ati~n 

det~ction step for one, two or more symbo1 period within a range 

where mutua1 corre1ation betwe~n transmission symb~1 series is 

1 and inf 1ue~ce of a propagation path can be regarded as the 

io same; vector calculation means for calcu~ating 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 the correlation 

detection ~tep and the received series provided delay in the 

15 delay ste~; and connnunication-quality calculation means for 

calculating a desired signal po~r, an interference signal power · 

and SIR from ·the difference vector and the add vector calculated 

in the vector calculation step. With this method, 1?Y providing 

a time difference within a range where the. correlation between 

20 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 connnunication quality 

25 measuring apparatus detecting reception chip timing of channel 

to be measured repeatedly transmitted transmission symbol 

series of respectively different known pattern using connnon 

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 us~ng a code series 

spreading the channel to be meastired: delay mean~ for delaying 

5 ·one of received series detected in the correlation detection 
·-

step for one, two or more symbol period within a ~ange where 

mutual correlation between transmission symbol series in the 

different antennas is 1 and in~1uence of a propagat~on path can 

be regarded ~s the same: vector calculation means for 

10 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 the correlation detection step and the received 

series pro~ided delay in the delay step: and communication 

15 calculatio~ quality means for ca"1culating a desired-signal power, 

an interference signal power a~ SIR from the difference vector 

and the add vector calculate~·in the vector calculation step. 

With this method, the desired signal power, the ~nterference 

signal power and SIR can be measured more precisely. With this 

20 method, the desired signal power, the interference signal power 

and SlR of the channel to be measured and applying the transmit 

diversity, can be measured precisely and easily. 

According to the 21st invention, in ~he 19th invention, 

the communication quality measuring apparatus further comprises 

25 vector selection means for selecting only result of calculation 

at the same reception chip timing of received symbol matching 

respective transmission symbols of the different antenna among 

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

symbol series is smaller than one. With this construction, the 

desired signal power, the interference signal power and SIR can 

be measured more precisely. 

s According.to the 22nd invention, in the 19th invention, 

the communication quality measuring apparatus furth~r comprises 

vector selection means for selecting only result of calculation 

at the same reception chip t~ing of received s~b~l matching 

respect! ve t~ansmission symbols of )the different antenna among 

lo difference vector and ~dd vector calcula~ed in the vector 

calculation step when a mutual correlation between transmission 

symbol series in the different antenna is smaller than one. With 

this construction, the desired signal power, the interference 

signal powe~ and SIR can be measured more precisely. With this 

15 constructi~n, the desired signa1_power, the interference signal 

power and SIR can be measured._..JDore precisely. 

According to the 23rd inyention, for measuring 

communication quality in a mobile receiving station in a mobile 

communication system employing a CDMA cellular system, using 

20 channel spread with spreading code_ and constantly transmitted 

from a base station, a synchronization 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 

2s 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 

... 
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detection. 

According to the 24th invention, in the 23rd invention, 

a matched fil.ter is used upon detection of the partial. 

correlation value and a synchronization chip t~ing of the 

s channel to be measured is detected by sequential.l.y rewriting 

the code in the matched filter. With this method~, 

synchronization detection using the partial correlation value 

can be performed at high spee~, high precision and high 

rel.iabili ty. -_ 

10 According to the 25th invention, 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 channel 

to be measured is determined on the basis of a val.ue derived . . 

1s by averagi~g of detected plural:tty of partial correl-ation values 

in the averaging period by de~ecting the partial.~detection 

val.ues per set sampl.i,ng perioq. 

According to the 26th invention, in the 25th invention, 

upon averaging process of the detected plurality of partial 

20 correlation val.ues, the synchronization chip timing of the 

channel to be measured is determined using an averaged value 

by preliminaril.y cal.culating the averaged value by power 

averaging process or vector averaging process. 

According to the 27th invention, in the 26th invention, 

2s 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 pl.ural.ity 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 anyone of 23rd to 27th, andmaking judgment 
r 

s whether synchronization chip timing of· a channel. to be measured 

is to be determined using an average value of a·p~urality of 

timing val.ue and a standard deviation val.ue, the synchronization 

chip timing of the channel. to.be measured is de~ermined with 
. -.. 

providing a given range, or synchronization detection is to be 

lo 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. 

15 According to the 29th invention, for measur~ng 
. . -

communication qual.ity in a mobi!.e 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 synchronization detecting device in CDMA 

20 cellular system comprises: the mobile receiving station 

including means for determining a synchronization chip timing 

of a channel to be measured by detecting partial correlation 

val.ue between spreading code to be measured and a received signal.. 

With this method, since the partial. correlation val.ue is derived 

2s 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 inc1udes a matched fi1ter is used upon detection of 

the partia1 corre1ation va1ue and a synchronization chip timing 

of the channe1 to be measured is detected by sequentially 

rewriting the code in the matched filter. With this . 
5 construction, synchronization detection using partial 

correlation can be performed at high speed, high pJ;"ecision and 

high reliability. 

According to the 31st if!Vention, the 29th.and 30th 

inventions, the means preliminarily sets an averaging period 

10 and samp1ing period in advance of performin~ the synchronization 

detection, and determines the synchronization chip timing of 

the channel to be measured on the basis of a value·deriv~d by 

averaging of detected p1ura1ity of partial correlation values 

in the ave~aging period by detecting the partial detection 

15 va1ues per. set samp1ing period. 

According to 32nd inventi.:_on, in the 31st invention, upon 

averaging process of the deteQted plurality of partia1 
-

correlation va1ues, the means determines the synchronization 

chip timing of the channel to be measured using an averaged value 

20 by preliminarily calculating the averaged value by power 

averaging process or vector averaging process. 

According to the 33rd invention, in the 32ndinvention, 

the means determines the synchronization chip timing of the 

channel to be measured by enabling setting of process of said 

2s averaging process for a p1ura1i ty of times and using the averaged 

value derived by a p1ura1ity of times of averaging process by 

the same or different averagi~g device in each process. 

According to the 34th invention, a synchronization 
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detecting device in CDMA cel.l.ul.ar sy~tem comprises means for 

performing synchronization chip timing detection process for 

a pl.ural.ity of times as defined in any one of the 29th to 33rd 

inventions, and making judgment.whether synchronization chip 

s timing of a channel. to be measured is to be determined using 

an average val.ue of a. pl.ural.i ty of timing val.ue anq a standard 

deviation val.ue, the synchronization chip timing of the channei 

to be measured is determined w~th providing a given range, or 
= . ~ 

synchronizat~on detection is to be performed again. With this 

10 method, correctness of the detected synchro~ization chip timing 

can be easil.y judged. Al.so, upon performing measurement of 

communication qual.ity using the measurement window, position 

and width of the window can be determined. 

Accor~ing to the 35th invention, in a mobile communication 

1s system em~oying CDMA cel.l.ul.ar system using a common pil.ot 

channel. coi:istantl.y transmi tted:_from a base station_ in a mobile 

communication system upon use -~of transmit diversi.ty for 

measuring communication qual.ity in a mobil.e stat~on being 

measured, a synchronization detecting device comprises: the 

20 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 an~ subtraction before an~ after symbol., and 

determining synchronization chip timing on the basis of a value 

25 · derived by addition 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 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 addition of an average vector derived by averaging . 
s · received signal vector per each of a plurality transmission 

antenna obtained over a plurality of period with t~ing a unit 

where symbol pattern of signals transmitted from a plurality 

of transmisston antenna becomes orthogonal betw~en antennas • 
. . 

According to the 37th invention, synchronization 

10 detecting method in CDMA system determin~ng 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 performing 

addition o~ obtained plurality of powers. 

15 According to the 38th invention, in a mobile cenununication 

system emp_loying CDMA cellula~ system using a COIJl1110n pilot 

channel constantly transmitted_from a base station-·in a mobile 
-

conununication system upon use of transmit diversity for 

measuring conununicatio~ quality in a mobile station being 

20 measured, a 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 

25 o·f a value derived by addition 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 

s 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 

10 

.: . . . ~ 

antennas. 

According to the 40th invention, a ~ynchronization 

detecting device in CDMA system determining synchronization 

chip timing on the basis of a value derived by performing 

synchronization chip timing detection process defined in 38th 

or 39th inv~ntions for a plurality of times and performing 

15 addition ~ obtained plurality of power. 

According to the 41st inv~ntion, in a mobile communication 

system employing CDMA ce11u1a~ system using a common pilot 

channel constantly transmitted from a base station_ in a mobile 

communication system upon us_e of transmit diversity for 

20 measuring communication quality in a mobile station being 

measured, a communication quality measuring method comprises: 

in the mobile station, received signal vector obtained by 

correlation detection of received signal per symbol being 

separated into received signal vector per transmission antenna 

2s by perf arming 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 spaced 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 d~ri ving the ~dd 

vector and the difference vector at two symbols, .when the phase . . 
s variation of the desired signal vector due to fading within the 

two symbol period can be ignored, measuring preci~ion can be 

improved in proportion to sampie number. 

Accordtng to the 42nd in~ention, in the 41st invention, 

the add vector and the difference vector are derived from the 

10 received signal vector of one transmissi~n antenna and the 

desired signal power, the interference 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 

15 averaged, and the desired signal power, the interference signal 

power and SIR are calculated ~ adding a predetermined 

correction value. 
-

According to the 4~th invention, in a mobile co~unication 

system employing CDMA cellular system using a conunon pilot 

20 channel constantly transmitted from a base station in a mobile 

conununication system upon use of transmit diversity for 

measuring communication quality in a mobile station being 

measured, a communication quality measuring apparatus 

comprising: the mobile station includes means for receiving 

2s 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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signa1 power, an interference s:tgna1 power and SIR by deriving 

add vector and difference vector of two received signa1 vectors 

spaced for a p1ura1ity of symbo1 periods per transmission 

. antenna, and performing averaging process of the ;8-dd vector and 

5 the difference vector. With this method, when the symbo1 period. 

for deriving the add vector and the difference v~ctor at two 

symbo1s, when the phase variation of the desired signa1 vector 

due to fading within the two ~ymbo1 period can be ignored, 

measuring pr~cision can be improved in proportion to samp1e 

10 number. 

According to the 45th invention, in the 44th invention, 

the means derives the add vector and the difference:vector from 

the received signa1 vector of one transmission antenna and· 

derives the_desired signa1 power, the interference signa1 power 

15 and SIR bY:: ·adding a predetermined correction value. 

Acco~ding to the 46th in~ention, in the 45th invention, 

the means averages the desired s_igna1 power and the interference 

signa1 power, and ca1cu1ates the de.sired signai ~ower, the 

interference signa1 power and SIR by adding a predetermined 

20 correction va1ue. 

As set forth above, according to the present invention, 

the conununication qua1i ty (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 

25 obtained in certain given period and the time series ·data shifted 

the data in time for severa1 periods. A1so, by performing 

conununication qua1i ty measurement using the measurement 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 conununication quality 

at high precision and high efficiency becomes possible and path 

number and positions thereof can also be measur~d accurately. 

On the other hand. according to the present invention. 

since only channel to be measured is used. synchl;"onization 

detection for measurement can be done at high speed. high 

precision and high reliability. Also. in case of 

synchronizat~on detection under the premise of conununication 

10 quality measurement using the measurem~nt ~indow. only position 

and window width of the measurement window is required. Thus. 

complete synchronization detection is not required. 

Furthermore. according to the present ·invention. even when 

transmit diyersity is applied, synchronization detection at 

15 high speed_.- high precision and high reliability.--- ·Also. 

measurement of the conununicati911 quality at high precision can 

be done at high speed and higb efficiency. 

The above and other objects. effects. features and 

advantages of the present invention will become more apparent 

20 from the following description of embodiments thereof taken in 

conjunction with the accompanying drawings. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an illustration showing a process for deriving 

a desired signal power and an interference s~gnal power; 

Fig. 2 is a block diagram showing an overall construction 

of a W-CDMA type mobile conununication system. to which the 

.. 
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present invention is applied; 

Fig •. 3 is an illustration showing a frame construction of 

CPI CH; 

Fig. 4 is an illustration showing a princip~e of operat"ion 

s of the first embodiment of a synchronization detecting method 

according to the present invention; 

Fig. 5 is an explanatory illustration of an operation in 

the case when a matched filter i __ s used in a correlat;io~ detecting 
.. 

portion of a·mobile station, to which the present invention is 

10 applied; 

Fig. 6 is an illustration showing a principle of operation 

of the second embodiment of the synchronization detec:ting method 

according to the present invention; 

Fig. 7 is an illustration showing the case where a power 

15 averaging __ process as an equalizing process in the secon(l 

20 

25 

-
embodiment of the.synchronizaiion detection method; 

. . . 

Fig. 8 is an illustration-__ shQwing a received -Signal power 

distribution after power averaging process as the equalizing 

process; 

Fig. 9 is a flowchart showing a synchronization chip timing 

detection procedure by the power averaging process; 

Fig. 10 is an illustration of the case where vector 

averaging process is pe~formed as equalizing process in the 

second embodiment of the synchronization detecting method; 

Fig. 11 is an illustration showing a distribution after 

performing vector averaging process as equalizing process; 

Fig. 12.is a flowchart showing a synchronization chip 

timing detection pro?edure by the vector averaging process; 

... 
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Fig. 13 is an illustration showing a principle of operation 

of the third embodiment of a synchronization d~tecting method 

according to the present invention; 

Fig. 14 is a flowchart showing a synchron~zation chip 

s -timing detection procedure in the third embodiment of the 

synchronization detecting method; 

10 

Fig. 15 is an illustration showing a principle of operation 

of the fourth embodiment of a synchronization det~cting 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 f ift~ embodiment of a synchronization detecting method 

15 according-to the present invention; 

Fig. 18 is a flowchart snowing a synchronization chip 

timing detection procedure in--c_the sixth embodiment of the 

synchronization detecting method; 

Fig. 19 is a block diagram showing an overall construction 

20 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 

25 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 communi.cation quality measuring 

... 
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method; 

Fig. 23 is an il.l.ustration showing a principl.e of operation 

of the third embodiment of a communication qual.ity measuring 

method according to the present.invention; 

5 Fig. 24 is an il.l.ustration showing a resul. t of simul.ation 

in the third embodiment of the communication qual.i ~y measuring 

method; 

Fig. 25 ·is an il.l.ustratiorrshowing a principl.e o_f operation · 

of the fourt~ embodiment of a communication qual.ity measuring 

10 method according to the present inventio~; 

Fig. 26 is an il.l.ustration showing a principl.e of operation 

of the fifth embodiment of a communication qual..ity measuring 

method according to the present invention; 

Fig. 2J is an il.l.ustration showing a principl.e of operation 

15 of the sixth embodiment of a·communication qual.ity measuring 

method according to the prese~ invention; 

20 

25 

Figs. 28A and 28B are i.11,,ustrati.ons showing· ·a resul. t of 

simul.ation in the fifth embodiment of the communication qual.ity 

measuring method; 

Fig. 29 is a bl.eek di.agram showing an overal.l. construction 

of a mobil.e communication system appl.ying transmit di.versity; 

Fig. 30 is an il.l.ustration for expl.aining process for 

expl.aining,correl.ation detection process in one embodiment of 

the present invention; 

Fig. 31 is an il.l.ustration for expl.aining a correl.ation 

detection process in one embodiment of the present invention; 

Fig. 32 is an il.l.ustration for expl.aining a del.ay 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 proces-s and communication quality calculating process 

5 in one embodiment of the present invention: 

Fig. 35.is an illustration showing CPICH upQn use of 

transmit diversity in the mobile communication system using 

w-cDMA system: 

Fig. 36 -_is an illustration showing a principle of operation 

10 of the first embodiment of the communicatic:>n quality measuring 

method while transmit diversity is applied, according to the 

present invention: 

Fig. 3 7 is an illustration showing a principle of operation 

of the secon~ embodiment of the communication quality measuring 

15 method while transmit diversi~y is applied, according to the 

20 

present invention: _ _ 

Fig. 38 is an illustration showing CPICH upon-non-use of 

transmit diversity in the mobile communication s~stem using 

W-CDMA system: 

Fig. 39 is an illustration showing a principle of operation 

of the third embodiment of the communication quality measuring 

method while transmit diversity is used, according to the 

present invention; 

Fig. 40 is an illustration showing a result of simulation 

25 in the third embodiment of the communication quality measuring 

method upon use of transmit 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 diversit~ 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 qua~i ty measuring 

5 method upon use of transmit diversity. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

At first, detection of synchronization as a method for 

10 ·detecting a synchronization chip timing w~ll 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 

15 comrnunica~on system, to which the present invention is applied. 

The mobile conununication syst~ is constructed with a base 

station 201 and a mobile statiQn 202. The-mobile· station 202· 

includes a synchronization detecting portion 221 ~etecting a 

synchronization chip timing of a channel.to be measured for 

20 conununication with the base· station and measuring a 

conununication quality, a synchronization chip timing 

information portion 225 for accumulating information of 

detected synchronization chip timing, a correlation detecting 

portion 222 for deriving a correlation value between a spreading 

25 code of the channel to be measured and a received signal for 

conununication with the base station and measuring of 

conununication 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 

portion 224 for calculating a conununication quality from the 

generated time series data. The synchronization detecting 

portion 221 includes a synchronization timing ~andidate 

s generating portion 2210 for establishing blocks of all chip 

timings which can be synchronized and generating ~ 

synchronization timing candidates, a partial correlation 
. . 

detecting portion 2211 deriv~g a partial correlation with a 

reception signal for the synchronization timing candidate, and 

10 a synchronization chip timing determinin~ portion 2212 for 

determining synchronization chip timing from the partial 

correlation values of respective candidate timings. 

Fig. 3 shows a frame cons'l;.ruction of CPI CH ( conunon pilot 

channel) • :;en one frame, a hundred fifty symbols are contained. 

15 One frame ~s 10 msec. period. In the shown embodiment, as· the 

channel to be measured, CPICH ~9nstantly transmitted from each 

base station is used. Namely, ~n the synchronizati-On detecting 
-

method using only channel to be measured, the partial 

correlation between the spreading code of the channel to be 

20 measured and the received signal and a peak value where the 

partial correlation becomes maximum, is derived 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 

2s 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 severa1 times and determining 

the synchronization chip timing to be an object f'?r measurement 

s using the detected va1ues of the synchronization chip timing, 

determining the synchronization chip timing with_providing a 

certain range, or by making judgment whether synchronization 

detection has to be performed;again or not. 

On the·other hand, in the embodiment of synchronization 

10 detection which will be described later, a time resolution of 

a synchronization timing is assumed as one chip length for 

simplification. However, when the synchronization timing is 

detected in greater detai1, the synchronization detection 

method acco~ding to the present invention may be performed with 

. 15 setting s~ling rate at X time·s of that in one chi.-p length for 

over-samp1ing. 

Fig. 4 shows a principle __ of operation of the first 

embodiment of the synchronization detection method according 

to the present invention. In the first embodiment, an object 

20 for partia1 correlation is set at 256 chip length. When CPICH 

is taken as the channel to be measured, 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 generated with reference to symbol 

2s numbers of leading ends of the frames. Thereafter, partial 

correlation between each code or synchronization timing 

candidate and the received signal is sequentially derived as 

shown in Fig. 4 to obtain a power de1ay file per each 

.. 
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synchronization timing candidate. Finally, chip timing where 

a candidate having the maximum peak among respective of obtained 

candidates of power delay profiles, is retrieved to take the 

obtained timing· as the synchronization chip ti~ing of the 

5 ·channel to be measured. 

In W-CDMA system, a plurality of channels are :transmitted 
. . 

at the same frequency, all channels other than the channel to 

be measured become interferin~ channels. Considering process 

gain, power ~f the interference signal is restricted.for chip 

10 length to be used for ordinary correlatio~ detection. In 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 

15 

1/256. 

In t~e first embodiment of the synchronization detection 
-

method, wh~n the received sig~l power of the chip timing 

matching with an effective path position for comrm.:lnication is 

higher than o~ equal to a received signal power at o~her timing, 

detection of the synchronization chip timing is successful. 

20 Accordingly, by setting th~ chip length (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 

where a matched filter is used in the correlation detecting 

25 portion of the mobile station, to which the present 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 il to #150. 

By the first embodiment, a period· required for detecting 

the synchronization chip timing .. can be 10 msec~ 

s 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~d. In the mobile conununication 

system, it i~ generally influenced by multi-path fading, the 

10 power of the received signal (correlatio~ detected value) . 

f 1uctuates si.gnificantly. Also, since partial correlation is 

used for correlation detection, precision in correlation 

detection is not always high. 

Fig. ~ shows principle of operation of the second 

1s embodiment~--of the synchronization detection method according 

to the present invention. In t~ second embodiment,_ the partial. 

correl.ation value of each synchronization timing- -candidate 

within a given period is averaged to detect synchron~zation chip 

timing using obtained average val.ue. Accordingly. assuming 

20 that number of sampl.es of respective timing candidate within 

the equal.izing period is N, a period required fir detection of 

the synchronization chip timing becomes N*lO msec. As an 

averaging method, there are a method to perfonn power averaging 

process and a method to perfonn vector averaging process. 

25 Fig. 7 shows the case where the power averaging process· 

is performed as equal.izing process in the second· embodiment of 

the synchronization detecti.ng method. A received signal vector 

at a timi.ng t of the synchronization timing candidate ii and 

.. 
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its chip number kin the symbo1, is assumed as (11-k(t), Ou(t)), 

the synchronization timing candidate after equa1ization is ii, 

and a power at chip number k in its symbo1 is assumed as Pu. 

In the power averaging process, ·the instanta~eous received 

s signa1 power is calculated from the received signa1 vector of 
-· 

each synchronization· timing candidate, and subsequent1y, N in 

number of the ca1cu1ated received signal power is averaged per 

synchronization timing candid~te. By the power.va1ue after 
. -

equa1ization·_ thus obtained, the synchronization chip timing of 

io the channe1 to be measured is determined. . The power averaging 

process is characterized in that when samp1e number N is 

increased, a standard deviation of the received signa1 power 

at a timing other than the true synchronization chip timing 

becomes smal,.ler (note that the average va1ue is held unchanged). 

Fig. -~8 shows a received ·signal power distribution after 

performing power averaging.pro~ess as the equalizing process. 

After detection of partia1 corre1ation for a certain .. scramb1ing 

code at 256 chip 1ength and averaging power in s~p1e number 

5, 10 and 15, Fig. 8 shows a distribution of the power va1ue 

20 of the received signal at a timing other than true 

synchronization chip timing. However, fading is not added. As 

can be appreciated from Fig. a,· when the sample number N is 

increased, the standard deviation of the power value of the 

received signa1 in the true synchronization chip timing becomes 

2s smaller. As a result, probabi1i ty of success of detection of 

synchronization becomes high. 

Fig. 9 shows a synchronization chip timing detection 

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

synchronization timing candidate is set ( i = o) • At step SJ, 

partia1 corre1ation ca1cu1ation is performed. At step S4, 

received signa1-power is ca1cu1ated. At step SS, check is 
' 

s performed whether i < max i is satisfied or not. At step S6, 

i is incremented. At step S7, check is performed ~whether k < 
N is ·satisfied or not. At step SS, k is incremented. At step 

S9, power averaging is perform7d at a11 synchroniz8:~ion timing 

candidate or· a11 chip timing. -At step SlO, retrieval of the 

10 maximum power of the received signal is ~erformed for a11 

synchronization timing. candidate or a11 chip timing. At step 

Sll, the synchronization chip timing is determined. :At step Sl2, 

synchronization detection is terminated. 

Fig. l_O shows the case where the vector averaging process 

15 as the eq~lizing process in tne second embodiment of the 

synchronization detection method. In the vector averaging 

process, the received signa1 ~actor of each synchronization 

timing candidate is averaged respectively on I side and Q side 

(Nin number). Subsequent1y, the received signal power is 

20 ca1cu1ated from the values of I and Q after averaging, the 

synchronization chip of the channel to be measures is determined. 

Si.nee the vector averaging process i.s premised in that the phase 

rotati.on of the desired si.gnal vector due to fading in the 

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

2s 10, a sampling interval per one synchroniz~ti.on ti.ming candidate 

is set at 1/15 msec. 

In the foregoing vector averagi.ng process, by increasing 

number of samples to be averaged, the average value of the power 
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of the received signa1 other than the true synchronization chip 

timing becomes sma11 (standard deviation is unchanged). 

Fig. 11 shows a received signa1 power distribution after 

perf arming vector averaging process as the equa1~zing process. 

s After detection· of partia1 corre1at:l.on for a certain scramb1ing 

code at 256 chip 1ength and averaging power in s~1e number 

5, 10 and 15, Fig. 11 shows a distribution of the power va1ue 

of the received signa1 at a ~;l:.ming other than true 

synchronizat:f.on chip timing. However, fading is not added. As 

10 can be appreciated from Fig. 11, when th~ samp1e number N is 

increased, the average va1ue of the power of the received signa1 

in the true synchl:-onization chip timing becomes sma11er. As a 

resu1t, probabi1ity of success of detect:ion of synchronization 

becomes hig_h.. 

15 Fig. --_.12 shows a synchronization chip timing· detection 

procedure in the vector averaging process. At step S21, 

synchronization detection is initiated. At step- S22 r 

synchronization timing candidate is. set (i = O). ~t step S23, 

partia1 corre1ation ca1cu1ation is performed. At step S24, 

20 check is performed whether k < N is satisfied or not. At step 

S25, k is incremented. At step S6, vector average is derived 

for a11 chip timing of synchronization timing candidate #i. At 

step S27, the power va1ues are ca1cu1ated for a11 chip timing 

of the synchronization timing candidate #i. At step $28, check 

25 is performed whether i < max i is satisfied or not. At step S29, 

i is incremented. At step S30, retrieva1 of the maximum power 

of the received signa1 is performed for a11 synchronization 

timing candidate or a11 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 princip1e of operation of the third 

embodiment of the synchronization detection me~hod according 

s to the present inventio~. The third embodiment of the 

synchronization detection method is further improv~ent of the 

second embodiment set forth above. Name1y, process of 

equal:izing process can be set -,,.for a p1ura1i ty of. times • Even 

in each proc~ss, using the average value obtained by averaging 

lo for a plura1i ty of times by the same or diffez:ent averaging method, 

the synchronization chip timing of the channel to be measures 

is determined. 

In. the third embodiment, averaging operation is repeated 

twice. At t;he first stage of averaging, Nl in number of vector 

ls averaging.process is·performed per synchronization timing 

candidate. Subsequent1y, the :power value is derived from the 

received signa1 vector after vector averaging for deriving N2 

in number of averaged va1ues. At the second stage, the chip 

timing where the received signa1 power after averaging becomes 

20 maximum, 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 va1ue of the received signa1 power in 

the synchronization chip timing other than the true 

25 synchronization chip timing becomes sma11 for Nl in number of 

samples. Subsequently, by averaging in the second stage, the 

standard deviation becomes sma11er than N2 in nmnber of samp1es. 

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 synchronization detection is (Nl x N2 x 

10) msec. 

5 · Fig. 14 shows a synchronization chip timing detection 

procedure in the third embodiment of synchronizatiop detection 

method. At step S41, synchronization detection is initiated. 

At step 642, synchronization t~ming candidate is set (i = O). 
.. . -

At step 643, partial correlation calculation is performed. At 

lo step 644, check is performed whether kl <. Nl is satisfied or 

not. At step 645, kl is incremented. At step 646, vector 

average is derived for all chip timing of synchronization timing 

candidate ii. At step S4 7, the power values are calculated for 

all chip t~ing of the synchronization timing candidate #i. At 

15 step 648, "?heck is performed wnether i < max i is satisfied or 

not. At step 649, i is incr~nted. At step 650, check is · 

performed whether k2 < N2 is satisfied or not. At step 651, k2 

is incremented. At step 652, power averaging is p~rformed at 

all synchronization timing candidate or all chip timing. At 

20 step 653, retrieval of the maximum power of the received sign~l 

is performed for all synchronization timing candidate or.all 

chip timing. At step 654, the synchronization chip timing is · 

determined. At step 655, synchronization detection is 

terminated. 

25 Furthermore, the fourth embodiment of the synchronization 

detection method will be explained. The fourth embodiment 

determines the synchronization 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 

plurality of times and using the averaged value of a plurality 

of .synchronization chip timing values and the standard deviation 

value. There£ ore, . in the fourth embodiment, chec~ is performed 

s whether the detected synchronization chip timing is reasonable 

or not. 

Fig. 15 shows a principle of operation of the fourth 

embodiment of the synchronization detection method according 
. : ... 

to the prese~t invention. Min number of synchronization chip 

io . timings detected after averaging are preP.ared. Then, the 

synchronization chip timing 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 

15 (measurem8!1t window). 

The fourth embodiment is premised in that measurement of 

all chip timing in measurement.window is performed after 

synchronization detection. At first, an averaged value of M in 

number of detected synchronization chip timings. Subsequent!~, 

20 using the average 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, 

2s 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 shows the frame structure of CPICH and the received 

5 signal in the case where the transmit diversity is applied. a 

1 is a vector variation amount depending upon prop~gation path 

from the transmission antenna #1 of the base station to the mobile 

station, a 2 is a vector variation amount depending upon 
. ; .-

propagation ~ath from the transmission antenna #2 of the base . 

10 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 station is provided modulation of A or -A per symbol. This 

pattern is 4etermined uniquely. It should be noted that symbol 

15 modulation_.·pattern when the transmit diversity is-not applied, 

is the same as that of the antenna #1. 

CPICH transmitted from t~e antenna il and the.antenna #2 
-

are influenced by each propagation path. In the mobile station, 

the signals in combined form are received. Accordingly, the 

20 signal of symbol #0 transmitted from the base station is received 

in the mobile receiving station as expressed by the following 

equation: 

25 

R(O) = .JP,;° a 1 (0) ·A + ..jP,; a 2 (0) ·A + N(O) (1) 

wherein R(Q) is the received signal vector after correlation 

detection, Pu and J;>t2 are transmitting power of CPICH in 

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

The synchronization detection is detection of the position 

of symbol iO in the mobile receiving station. It should be noted 

that conununication quality meastirement upon us~ of transmit 

5 diversity which will be discussed later, is derivation of the 

desired signal power as expressed by: 

(2) . 

10 and the interference power as expressed ~y: 

15 

(3) 

wherein ( ) expresses an average. 

Next,:·the received signal-vector combined as-expressed by 

the foregoing expression (1) wiµ be separated into the received 

signal vector from each transmi_ssion- antenna. For- separation, 

two continuous symbols are used. Assuming (i)th symJ?o1 (wherein · 

i is even number) as a symbol to be a reference, the received 

20 signal vector r 1 and r 2 from each antenna is expressed by: 

'") R(i + 1) + R(i) ~ 1") N(i + 1) + N(i) 
ri\' = ... V.ct1 ai\' + 

2A 2A 

(4) 

(.) ( l)~12+1 R(i +1) - R(i) rp: (") ( l)u2+1 N(i +1) - N(i) 
72 i = - ... v.ct2 a2 l + -

2A 2A 

25 

The foregoing equation (4) use approximations of a 1 (i + 1) · 
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a 1 ( i) and a 2 ( i + 1) ~ a 2 ( i) . 

Fig. 17 shows a princip1e of operation of the fourth 

embodiment of the synchronization detection method according 

to the present invention. The synchronization ~etection 

5 detects 1eading.position (synchronization chip timing) of CPICH 

from the received signa1. #0 to #149 in Fig. 17 ~re 

synchronization timing candidates generated by the 

syochronization timing candidaJ:e generating portio~ 2210 shown 

in Fig. 2. I'f'. shou1d be noted that unit for b1ocking is one symbo1. 

10 Ca1cu1ation of corre1ation with the receivec;t signa1 is performed 

by sequentia11y extracting objective symbo1 number among the 

synchronization timing candidates #0 to #149 and using spreading 

code (256 chip 1ength) corresponding to the symbo1 number. 

For e~amp1e, assuming an average number of vector is N1 , 

15 from the s~chronization timing candidate #i, 2N1 +· 1 in number 

of symbo1s in series from 2(N1 +_--1)i is se1ected for _corre1ation 

ca1cu1ation. When matched f il:.ter · is used in cor:te1ation 

ca1cu1ation, a timing to finish corre1ation ca1cu1ation for a11 

of the synchronization timing candidates is T1 = 10 x (2N1 + 1) 

20 [ms]. 

Next, from the obtained·received signa1 vector R(i) and 

R(i + 1), the received signa1 vector from each transmission 

antenna is separated using the foregoing equation ( 4) . Here, 

number of received signal vectors after separation be1onging 

25 in the same synchronization timing candidates is N1 in number 

per one transmission antenna. These N1 in number of received 

signa1 vectors averaged per transmission ant~nna, and fina11y, 

obtained two average vectors are sununed in power. Fig. 17 shows 

-: 

.. 



- 45 -

the case where the number of vector average N1 is 2 . In practice. 

the foregoing calculation is performed for all of 256 chips. 

On the other hand, the foregoing calculation is executed with 

over-sampling of X times of one syinbol, calculati<>;n is performed 

s for number of samples of 256 x X. The synchronization chip 

timing is determined by synchronization timing cand;l.date having 

the maximum power value and the chip number in the symbol. 

Fig. 18 shows the synchr9nization chip timing detection 

procedure in the sixth embodiment of the synchronization 

10 detection method. In the shown embodiment, except for the 

period required for calculation, a period from initiation of 

synchronization detection to finishing thereof is Ti = 10 x ( 2N1 

+ 1) x N2 [ms]. 

At step S61, synchronization detection is initiated. At 

15 step S62, '!ynchronization timing candidate is set--fi = o) • At 

step S63, partial correlation ccµculation is performed. At step 

S64, check is performed whether kl < 2Nl + 1 is satisfied or· 

not. At step S65, kl is incremented. At step S6~, received 

signal vector is separated per antenna with respect to all chip 

20 timings of the synchronization timing candidates. At step S67, 

vector averages of the received signal vectors are derived. At 

step S68, the averaged received signal vector is converted into 

the power value per antenna and then the power values of 

respective antennas are summed. 

25 At step S69, check is performed whether i < max i is 

satisfied or not. At step S70, i is incremented. At step S7 l, 

kl is reset to O. At step S72, check is performed whether k2 

< N2 is satisfied or not. At step S73, k2 is incremented. At 

.. 
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step S74, kl is reset to o. At step S75, power averaging is 

performed at al.l. synchronization timing candidates or al.l. chip 

timing. At step S76, retrieval. of the maximum power of the 

received signal.· is performed for al.l. synchroni~ation timing 

s ·candidates or al.l. chip timing. At step S77, the synchronization 

10 

.. 

chip timing is determined. At step S78, synchron~zation 

detection is terminated. 

(2) Conununication Qual.ity Measuring Method 

Next, the measurement method of commu~icatic;>n qual.i ty wil.l. 

be expl.ained. Fig. 19 shows overal.l. construction of the mo'bil.e 

station, to which the present invention is appl.ied.:· The mobil.e 

station 202 has the same construction as that of Fig. 2. The 

communication qual.ity cal.cul.ating portion 224 incl.udes matrix 

15 cal.cul.ation means 2301 for derl.ving covariant matri.x from two 

time series data in the receiv~ signal. vector generated in the 

time series generating portion .. 223 and performing- cal.cul.ation 

of eigenval.ues, power cal.cul.ating means 2302 for_cal.cul.ating 

the desired signal. power and the interference signal. val.ue using 

20 the eigenval.ues, and SIR cal.cul.ating means for deriving SIR. 

On the other hand, ·using a control. portion 2304 as component 

of the mobil.e communication system, a path between transmitter 

and receiver effective for conununication is derived using the 

SIR val.ue derived in the SIR cal.cul.ation means to control. the 

25 synchronization chip timing information portion 225 for 

achieving measurement of more precise val.ue. 

In the shown embodiment, with reference to the 

synchronization chip timing obtained in the synchronization 
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detecti.ng porti.on. all chi.p ti.mings 1.n a certain range are taken · 

as object for measurement. Namely. communicati.on quality 

measurement using the measurement window is performed. 

·Fig. 20 shows a principle ·of operation o~ the fi.rst 

s embodi.ment of the communication quality measuring method 

accordi.ng to the present i.nvention, a chip lengtQ to perfo.nn 

correlation detection and the measurement window width is taken 

as one symbol. Here, conside:c:jltion i.s given for .chip ti.mi.ng k 

presenti.ng i:~ the measurement window. In order to derive the 

10 desired signal power and the interf erenc~ si.gnal power i.n the 

chi.p ti.mi.ng k, a series 1 is established by arranging the received 

signal vector of the chip timing 1 in a certain g~ven period 

(averaged period, and a series 2 is establ.ished by a ti.me sari.es 

data of th~ received signal vector distanced from the sari.es 

1s 2 for sev~ral. symbols. 

Next, covariant matri.x.of the series 1 and the series 2 

is derived to cal.culate eigenvalues thereof. By.performing 

operati.on shown in Fig. 20 using the eigenvalues t~us deri.ved, 

the desired si.gnal. power and the interference si.gnal powe~ at 

20 the chi.p ti.ming k can be derived as averaged values within the 

averaging peri.od. It should be noted that the operation for 

deri.vi.ng the powers from the eigenvalues shown in Fig. 20 is 

effecti.ve only when correlation between two series i.s rel.atively 

hi.gh. In other words, the foregoing operation i.s only effective 

2s when the ti.me difference between two series i.s sufficiently 

small relati.ve to a vari.ati.on of the desi.red si.gnal. vector due 

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

limi.tati.on in sampli.ng i.nterval (data interval. in one sari.es) 

.: 

.. 



- 48 -

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 hand, SIR in the chip timing k can b~ derived from 

s a rati.o of the obtai.ned desi.r~d si.gnal power and the 1.nterference 

signal power. On the other hand, in case of conunµnicati.on 

qua11.ty measurement not usi.ng the measurement window, the 

10 

synchronization chip timing o~tained by the synchroni.zati.on 

detecting po~tion may be measured as the chip timing k. 

Fi.g. 21 shows a principle of operat~on of the second 

embodiment of the conununication qua11.ty measurement method 

according to the present invention. When correlation between 

two series, namely when the correlation value is greater than 

or equal to .9 • 85, the desired signal power and the interference 

15 signal pow~·r can be derived from an add vector and difference 

vector relative to the receiyed:-6igna1 vectors having reception 

timing close to each other between time series. More preferably, 

at the correlati.on value greater than or equal to o. 9, .the desired 

signal power and the interference signal value are derived at 

20 comparable precision as the first embodiment of Fig. 20. 

25 

Further preferably, at the corre1at1.on value greater than or 

equal to 0.95, the desired signal power and the interference 

signal value are derived at comparable precision as the first 

embodi.ment 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 th~ averaging per~od, the 

interference signa1 power is derived by operation shown in Fig. 

21 . Next, the desired signa1 power is derived using N in number 

of add vectors within the averaging period and a1ready derived 

s interference signa1 power. From a ratio of the derived desired 

signa1 power and the interference signa1 power, $IR in the 

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

simi1ar1y to the first embod~ent shown in Fig .. 2~, there is 

basica11y no 1imitation for the samp1ing interva1 and the 

10 samp1ing number. 

In the shown embodiment, in the time series generating 

portion 223 sho~ in Fig. 19, in addition to generation of two 

time series data of the received signa1 vector, generation of 

time series. data of the add vector and difference vector is a1so 

1s performed.-~-· It shou1d be noted- that, in the shown-·embodiment, 

since the eigenva1ues are not :i;_equired, matrix operation sho.wn 

in Fig. 19 becomes unnecessary. 

Fig. 22 shows a resu1t of simu1ation in the second 

embodiment of the conununication qua1ity measuring method. 

20 Name1y, Fig. 22 shows examp1es of the resu1t of output of the 

desired signa1 power and the interference signa1 within the 

measurement window derived by simu1ation. In the simu1ation, 

it is assumed that two signa1s, in which a certain code is spread, 

arrive with 5 chip de1ay. Name1y, the position of the first path 

2s is tenth chip and the position of the second path is fifteenth 

chip. The signa1 arriving at the second path acts as 

interference signa1 in the first path and the signa1 arriving 

at the first path acts as interference signa1 in the second path. 
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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. TJ:,le correlation 

5 detection is perf orln with four times over-sampling of 256 chip 

length. 

Fig. 23 shows a principle of operation of the third 

embodiment of the conununicatipn quality measurin~_method 

accordi.ng to·. the present i.nventi.on. In the shown embodi.ment, 

10 by averaging the desired signal power an4 the interference 

signal power deri.ved in the foregoing first and second 

embodi.ments, more stable value (average value) can oe obtained. 

In the shown embodiment, at first, an average values of the 

desi.red si.gnal power and the interference signal power are 

15 derived peF Nl in number of chips in the average·period·usi.ng 

the methods in the first and ;second embodiments (primary 

averaging). Then, as secondary averaging, N2 in-number of 

desired signal powers and the interfe·rence si.gna~ powers 

obtained by the primary averaging are averaged in power. It 

20 should be noted that· SIR in the averaging period is derived from 

a ratio of the derived desired signal power and the interference 

signal power. 

Fig. 24 shows a result of simulation by the third embodiment 

of the communication quality measuring method. Condition of 

25 simulation is the same as those of Fig. 22 except for averaging 

method. Averaging sample number is 5 in the primary averaging 

and 300 in the second averaging. The averaging period in total 

is 1500 symbols. Comparing with the results shown in Fig. 22, 
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1.t shoul.d be appreci.ated that more stabl.e val.ues can be obtained. 

Fig. 25 shows a principl.e of operation of the fourth 

embodiment of the collDDunication qual.ity measuring method 

according to the present inventi.on. In the sho~ embodiment. 

s number of channel.s to be measured is assumed to be M. The reason 

why the same channel.s are continuous for two symbQl.s. is that 

two series data are required by the averaging methods in the 

first and second embodiments. :"As shown in Fig.· 25. _!fith taking 

two symbol.s ~s set. measurement of o.ther channel. within the 

10 sampl.ing period becomes possibl.e. In a c~rtain given per:i.od. 

measurement data of a pl.ural.ity of channel.s can be obtained at 

substantial.l.y the same. In the prior art using the vector 

averaging. since there is a I.imitation that •phase variation 

of the desi~ed signal. vector due to mul.ti-path fading in the 

1s averaging J?eriod. shoul.d be ignorabl.e. • Therefore-;· when number 

of channel.s to be measured is_...large number and the averaging 

period 1.s rel.ativel.y l.ong. time mul.tipl.exing of other channel. 

within the sampl.e period i·s diff icul. t. 

Fig. 26 shows a principl.e of operation of the fifth 

20 embodiment of the collDDunication qual.ity measuring method 

according to the present invention. In the shown embodiment. 

primary average is derived by time multiplexing of other 

channel.s within sampling period of one channel.. Then. secondary 

averaging (averaging in power) is performed from the result 

25 obtained by the primary averaging. 

Fig. 27 shows a princi.pl.e of operation of the sixth 

embodiment of the collDDunication quality measuring method 

according to the present invention. In the shown embodiment, 
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at first, primary averaging is performed per one channel, and 

other channels are mu1 tip1exed in the secondary averaging period 

to obtain the values after secondary ~veraging of respective 

channels. 

Figs. 28A.and 288 show the results of simulation in the 

fifth embodiment of the communication quality measw;-ing method. 

Fig. 28A is a profile of obtained received signal power 

performing simulation in the s~e condition as Figs. 22 and 24. 

The averaging method performs only averaging in power per chip. 

10 Fig. 288 is a profile of SIR per each ch~p derived using the 

desired signal power and the interference signal power obtained 

from Fig. 22. Conventionally, the position of the-path to be 

effective in communication is detected as the synchronization 

chip timing from the peak where the power becomes maximum ~Y 

15 deriving t~e received signal power per chip in the 

synchroniz~tion detecting port'.f.On 221 sho~ in Fig. ~19, as shown 

in Fig. 28A. 

In Fig. 28A, since the desired signal power is set 

relatively higher than the interference signal power, the path 

20 position can be easily detected from the peak value thereof. 

However, according to increase of the interference signal power, 

judgment whether the peak value is the actual path position or 

not, is difficult. On the other hand, it is not possible to 

distinguish whether the peak is resu1 ts in presence of the path 

25 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~ing portion 221, 

precision in measurement is degraded since the measurement is 

.. 
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performed at a chip timing different from the path position 

effective for communication, in the communication qua1ity 

measuring portion 224. 

On the other hand, in the shown embodimen~, the 

s synchronization chip timing obtained in the synchronization 

detecting portion 221 is taken as the reception ch:L_p timing to 

measure SIR by the first and second embodiments. In the contro1 

portion 2304 shown in Fig. 19-~- judgment is made. ~~ether the 

reception chf:p timing is offset from the path position e~fective 

10 for conununication from the measured SIR va1ue or not. If 

judgment is made that the reception chip timing is offset from 

the path position, the synchronization chip timing i.nformation 

portion 225 shown in Fig. 19 is contro11ed to modify the 

synchroniza~ion_chip timing. 

15 · On th.e other hand, in case of the communication qua1i ty 

measurement premised by the m~surement window, for a11 chip 

timing in the measurement window, the desired signai-power, the 

interference signa1 power and SIR are measured. Th~refore, SIR 

profi1e shown in Fig. 28B is obtained. In Fig. 28B, SIR < o is 

20 certain1y estab1ished at positions where the path is not present, 

and SIR > o is estab1ished at positions where the path is present. 

In the contro1 portion 2304 shown in Fig. 19, the peak va1ue 

where SIR > O is estab1ished is detected to detect the path 

position effective for communication. 

25 When judgment is made that the position of the measuring 

window and the window width are not appropriate, modi£ ication 

of the position of the measuring window and the window width 

is performed by contro11ing the synchronization chip timing 
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infonnation portion 225 of Fig. 19. By such control., even when 

the path position between transmitter and receiver is moved by 

movement of the mobile station, the position of the window is 

modified following movement of the path. As a x;-esul.t, moving 

5 measurement of the communication quality can be realized without 

10 

.. 

causing degradation of precision. 

(3) Communication Quality Measuring Method Upon Use of Transmit 
- .-

Diversity 

Fig. 29 shows overall. construction 9f the mobile 

communication system applying transmit diversity. The mobile 

station 202 has the same construction as that shown in Fig. 2. 

The time series generating portion 223 is constructed with a 

delay circu_it 3301 delaying the received signal. vector after 

15 correlatio~ detection for a pre-determined delay symbol. number, 

a vector c~lculation portion 3~2 deriving a difference vector 

and add vector from difference .. and sum of the received signal 

vector, and a vector selecting portion 3303 sel.e~ting vector 

for performing calculation by the communication quality 

20 calculating portion 224. 

When communication is performed applying transmit 

diversity as the _channel to be measured, the channel repeatedly 

transmitted a known symbol. series of respectively different 

patterns using common spreading code is assumed from two 

25 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 1ocated c1ose to each other, the distance of the antennas 

is set to make the spatia1 corre1ation sma11. At receiving point 

in the service area, the signa1 reaches as a signa1 inf1uenced 

by independent propagation path. The signa1s tr~nsmitted from 

5 two antennas are received by the antenna at the reception point 

as combined in vector in space. 

Fig. 30 is an i11ustration for exp1aining proces.s for 

exp1aining corre1ation detect+on process in one ~~odiment of 

the present 1·~vention. In genera1, a transnlission series sl(t) 

10 from the antenna il and a transmission s~ries s2(t) from the 

antenna #2 are subject to respective1y independent fading cl(t) 

and c2(t). These two series are received after combination in 

the space. According1y, ignoring transmission de1ay, a 

received seJ:ies becomes r(t) = cl(t) * sl(t) + c2(t) * s2(t). 

15 Here, cons-~dering a time range where inf 1uences -of the 

propagatio~ paths are regarde<t-as the same, fading can be 

regarded as constant, cl ( t) = cl and c2 ( t) = c2. Therefore, the 

received series becomes a given va1ue per combination of the 

transmission series sl(t) and s2(t). 

20 For examp1e, when the symbo1 of the transmission series 

of the antenna il at a certain timing is assumed as A and the 

symbo1 of the transmission series of the antenna #2 at the certain 

timing is assumed as A, the received series becomes X. When the 

symbo1 of the transmission series of the antenna #1 at a certain 

2s timing is assumed as A and the symbo1 of the transmission series 

of the antenna #2 at the certain timing is assumed as B, the 

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

where the inf 1uence 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, 

s certain series pattern is repeated in the· same period in the 

received series. At this time, when a correlation value between 

the received series and the delayed received series delayed for 

a period of the regular series:_-pattern is derived, -~he derived 

value become·$ 1. Namely, the delayed received series delayed 

10 for the period of the transmitted series pattern and the received 

series are completely 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. 

15 Fig. -~·31 shows a process of correlation detection in one 

embodiment of the present inv~tion. A symbol as .correlation 

unit taking tj+l + i fl. t' as leading end of the received series 

r' (t), is assmed as r' (tj+l + ii:l. 't'), and correlation detection 

process i$ performed by the correlation detector, such as 

20 matched filter set the code m(tj+l + ii:l. 't') spreading respective 

of corresponding symbol, the received signal vector series r { tj+l 

+ ii:l. 't') after correlation can be obtained. Thus, the received 

signal vector is assumed as rk ( tj+l + i fl. 't' ) • It should be noted 

that fl.'t' is a period of one symbol length, j is a repetition 

25 number of the series pattern in one frame, i is symbol number 

in the pattern, k is a reception chip timing in the 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 al~eady known. 

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

present invention. With a preliminarily set delay symbol number 

I, by delaying the received signal vector seri~s after 

s correlation detection for delay.symbol number I, the delayed 

received signal vector series is generated. The ·d~lay symbol 

number I us set at integer multiple of the repetition period 

of the transmission series pa~tern. 

Fig. 33-_shows vector calculation process in one embodiment 

10 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 - I.6. 7:) :aelayed for 

delay symbol number I, the received signal vector rk(tj+l + i 

~7:) in the reception chip timing kin the symbol and from 

15 difference~-and sum of the received signal vector series rk ( tj+l 

+ i.6. 7: - I.6. 7:), namely rk(tj + _i.6. 7:) at the same reception chip 

timing, at which the series i$. delayed for delay- ·symbol I, 

difference vector and add vector are derived. The add vector 

becomes au(tj) = rk(tj+i + i.6. 7:) + rk(tj + i.6. 7:) and the difference 

20 vector becomes 81-k(tj) = rk(tj+l + i.6. 7:) - rk(tj + i.6. 7:). 

Fig. 34 shows a process of vector selection and a process 

of communication quality calculation in one embodiment of the 

present invention. The vector selection selects output of the 

vector calculation process to be input to the conmunication 

25 quality calculation process by a preliminarily set vector 

selection information seli_k(tj)• namely the difference vector 

and the add vector. The vector selection information is 

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

vector a' UE<t:1) and the difference vector f3 'Uc(t:1>. From an 

average of the difference vector, the interference signal power 

is derived, and from an average of·· the add vector a~d the average 

5 of the difference vector, the desired signal power is derived. 

SIR is derived from a ratio of the desired signal pQwer and the 

interference signal power. 

Fig. 35 shows CPICH upon t;rse of the transmit_ d~versity in 

the mobile c~mmunication system using W-CDMA cellular system. 

lo CPICH is consisted of 150 symbols per one fr.ame, a symbol series 

consisted of four symbols (A, A, A, A-) is transmitted from.the 

antenna #1 and a symbol series consisted of four symbols (A, 

B, B, A) is transmitted from the antenna #2. Since the 

transmissio~ symbol series is once reset per one frame, 

15 regularity-~of the four symbol· period is not conti:nued at the 

boundary of the frame. Theref<;lre, in order to obtain a series 

where the correlation of the transmission symbol ser":i.es becomes 

l, the delay period has to be set at one frame. However, in case 

of the series provided such long delay should go beyond the range. 

20 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 boundary, the 

25 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 princip1e of operation of the first 

embodiment of the conununication qua1ity measuring method upon 

use of the transmit diversity according to the present invention. 

The synchronization detection is ca1cu1ated wi~h taking four 

s symbo1s as the de1ay period. Among 150 symbo1s in one frame, 

146 symbo1s matches symbo1 of the series 2, 4 symbQ1s from the 

frame boundary do not match with the symbo1s in series 2. 

Therefore, the corre1ation va1µe of the series 1 and the series 
- -

2 can not be 1. Since this make is difficu1t to derive correct 

10 add vector and difference vector, by set~ing the vector 

information of part of unmatched symbo1 in the frame boundary 

15 

in the vector se1ection process, resu1 t of correct ca1cu1ation 

can be obtained in the conununication qua1ity ca1cu1ating 

process. 

Fig. --_-37 shows a pri.ncip1e of operati.on of the second 

embodiment_ of the connnunicati~n qua1ity measuring_~method upon 

use of the transmit diversity according to the preserif invention. 

Conununication qua1ity is ca1cu1ated with t~sking o~e symbo1 as 

delay period. In the series 1, excluding first syinbo1 from the 

20 1eading end of the frame, odd number order symbol match with 

the symbols in the series 2, but even number order symbo1s. from 

the 1eading 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, correct add vector and the difference 

25 vector can be calculated. Therefore, by setting vector 

information to off = O for the first and even number order symbo1s 

from the leading end of the frame, correct resu1 t of ca1cu1ation 

can be obtained in the conununication qua1ity ca1cu1ation 
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process. 

Fig. 38 shows CPICH when transmit diversity is not appl.ied 

in the mobile communication system used in W-CDMA cel.l.ular 

system. The pi1ot channel is consisted of 150 symbol.s for one 

s frame. A symbol. series consisted of four symbol.s (A, A, A, A) 

is repeatedly transmitted onl.y from the antenna #1 ~with taking 

four symbol as a period. Whil.e the transmission symbol series 

is reset per one frame, since sypabol. is constan~, non_~continuous 

at the frame "Poundary is not generated. Therefore, by applying 

10 any delay period, correlation of the transm.ission symbol series 

becomes 1. Accordingly, at arbitrary delay period where time 

correlation of the propagation path becomes smal.l, :·correct add 

vector and difference vector can be derived. 

This demonstrates capabil.ity of correct measurement of the 

1s desired signal power and the interference signal power when the 

transmit diversity is not app:;Lied using either the method of 

calcul.ating the communication qual.i ty with taking -:e our symbol.s 

as del.ay period as shown in Fig. 36 or the method of _calcul.ating 

the communication quality with taking one symbol. as delay period 

20 as shown in Fig. 37. Accordingl.y, even when the base stations 

applying the transmit diversity and the base stations not 

applying the transmit diversity are present, it becomes 

unnecessary to change cal.culation method and the cal.culation 

method is used commonly. 

25 Fig. 39 shows a principl.e of operation of the third 

embodiment of the communication quality measuring method upon 

use of the transmit diversity according to the present invention. 

With taking CPICH as channel. to be measured upon use of the 

.. 
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transmit diversity. the communic;:ation quality measuring method 

which does not require the vector selecting portion 223 shown 

in Fig. 2~. is illustrated. The synchronization chip timing 

detected by the· synchronization.detecting port~on 221 and 

s accumulated in ·the synchronization chip timing information 

portion 225 is taken as reception chip timing. Then. detection 
. . 

of correlation is performed with modifying the spreading code 

of a reference signal adapting to the symbol number of the 
. - .... 

received si~als. The received signal vector for each 

10 transmission antenna is calculated from th~ foregoing equation 

(4) using the received signal vector obtained.by correlation 

detection. 

Next, the add vector and the difference vector are 

generated p_er each transmission antenna. The desired signal 

15 power and -~he interference signal power upon use·-of transmit 

diversity are derived from th~add vector and the difference 

vector for each antenna. In Fig .• 39. N upon deriving-the desired 

signal power and the interference signal power i~ number of 

samples of the add vector or the difference vector per one 

20 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 leading end of the frame for 

simplification, correlation detection is not necessarily 

25 performed from the leading end. 

Fig. 40 shows the result of simulation in the third 

embodiment of the communication quality measuring method upon 

use of transmit diversity. Under the premise of synchronization 

.. 
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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 o dBm (-3 dBm for each· antenna), the received power 

s of the interference signal at -100 dBm, and the path position 

between transmitter and receiver at tenth chip i~ the 

measurement window. From Fig .. 4·0, at set path position between 

transmitter and receiver. the;desired signal pow~~ and the 

interference"_signal power can be calculated with high precision. 

10 Fig. 41 shows a principle of operat~on of the fourth 

embodiment of the conununication 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 conununication quality measuring 

15 method not-~-requiring the vector selecting process-·223 of Fig. 

29 will be explained. In the shQWll embodiment, from the received 

signal vector obtained from correlation detection~ only 

received signal vector for one transmission antenna is derived 

from the foregoing equation ( 4) . Here. the transmission antenna 

20 to be selected 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 the selected transmission antenna. 

Next, for the obtained_received signal vector in one 

transmission antenna, the add vector and the difference vector 

25 are generated. The desired signal power 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 signal 
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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 period is 150 symbols ·(number of symbols in one frame). 

for example. N becomes 74. On the other hand. ui;>on derivation 

5 of the desired signal power and the interference signal power. 

(Pu + P t2 ) /P ti is a correlation value which is a · lglown value. 

Here. Pu and Pu are transmitting power of CPICH in each 

transmission antenna. It sho1}1d be noted that._in Fig. 41. 

correlation ~etection is performed from the leading end of the 

10 frame for simplification. However. corre~ation detection can 

be not necessarily performed from the leading end. 

Fig. 42 shows a result of simulation in the:·fourth 

embodiment of the coDDnunication quality measuring method upon 

use of tran~mi t diversity. Condition of simulation is the same 

is as Fig. 40-:· Fig. 42 shows the-value before correction by the 

transmitting power. At the p~h position between the 

transmitter and receiver. it can be appreciated that-the desired 

signal power and the interference signal power are calculated 

at -3 dB lower than the set values. On the other hand, the 

20 correction value is (Pu + Pt2 ) /Pu = 2 ( 3 dB). Accordingly, by 

adding the correction value of 3 dB. the desired signal power 

and the interference signal power can be correctly measured. 
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* C l M S * WHAT IS CLAIMED IS: 

1. A communication qua1ity measuring method in CDMA ce11u1ar 

system detecting a reception chip timing of a ~hanne1 to be 

5 . measured and measuring communication qua1i ty, characterized by 

comprising: 

time series gener~ting step of generating two series of 

data consisted of a time series data of a detected va1ue and 

a time series data de1ayed for one, two or more periods, with 

10 respect to said reception chip timing wher~ the detected va1ue 

becomes the same: 

15 

matrix ca1cu1ation step of deriving covariant matrix of 

said two series data generated in said time series generating 

.step: 

first.power ca1cu1ating step of deriving a desired signa1 

power and ~n interference sig~~1 power in said reQeption chip 

timing from a eigenva1ue of s.i!id covariant matrix: and 
-

SIR ca1cu1ating step deriving a SIR at said reception chip 

timing from said desired signa1 power and said interference 

20 signa1 power. 

2. A communication qua1ity measuring method in CDMA ce11u1ar 

system as c1aimed in c1aim 1, which further comprises 

third power ca1cu1ation step of deriving an averaged 

25 desired signa1 power and an averaged interference signa1 power 

by performing averaging in a given period from said desired 

signa1 power and said interference signa1 power obtained in said 

first power ca1cu1ation step and a second power ca1cu1ation step, 
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and 

in said SIR calculation step, said SIR is derived from said 

averaged desired sign~! power and said averaged interference 

signal power. 

3 • A connnunication quality measuring method in CD.MA cellular 

system as claimed in claim 2, characterized in that when the 

channel to be measured is plu~al and only one correlation 

detector 1s ~seful, 

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 a~e deriv~d in time division. 

4. A communication quality m_easuring method in CDMA cellular 

system as claimed in claim 1, "-_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 

performed in time division for generating two series generated 

in the same reception chip timing per channel. 

5. A communication quality measuring method in CDMA cellular· 

2s system as claimed in claim 4, which further comprises 

fourth power calculation step of deriving an averaged 

desired signal power and an averaged interference 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 average~ interference 

s signal power. 

6. A conununication quality measuring method in CDMA cellular 

system as cl.aimed in claim 1,.=_-:-which further comp~~ses: 

path de~ection step of deriving paths between transmitter 

10 and receiver to be effective for conununication from a value of 

said SIR obtained in said SIR calculation step. 

7 A conununication qua1i ty measuring method in CDMA cellular 

system dete~ting a reception chip timing of a channel to be 

is measured al!-d measuring conununication qual.i ty, characterized by 

comprising: 

time series generating st_ep of generating two series of 

data consisted of a time series data of a detected val.ue and 

a time series data delayed for one, two or more periods, with 

20 respect to said reception chip timing where the detected value 

becomes the same; 

adding step of deriving an add vector from addition of 

received signal vectors between two points close in reception 

timing when said two series data generated in said time series 

2s generating step becomes a particular correlation value; 

subtracting step of deriving a difference vector from a 

difference of received signal vectors between two points cl.ose 

in reception timing; 
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second power calculation s:tep of deriving a desired signal 

power and an interference signal power by averaging said add 

vectors and said difference vectors; and 

SIR calcu1ating step deriving a SIR at said ~eception chip 

5 timing from said desired signal power and said interference 

signal power. 

10 

8. ·A conununication quality m~asuring method in .CDMA cellular 

system as c1~imed in claim 7. which further comprises 

third power calculation step of der~ving 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 signa1 power obtained in a 

first power_ calcu1ation step and said second power calculation 

15 step. and -~--

in said SIR calculation s1;.ep, said SIR is derived from said 

averaged desired signal power ·_and said averaged interference 

signal power. 

20 9. A communication quality measuring method in CDMA ce11u1ar 

system as claimed in c1aim s. characterized in that when the 

channe1 to be measured is plural and only one correlation 

detector is usefu1, 

in said third power calculating step. said averaged 

25 desired signal power and said average interference signa1 power 

are derived in time division, and 

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

channe1s are derived in time division. 
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10. A conununication gual.i ty measuring method in CDMA cel.l.ul.ar 

system as cl.aimed in cl.aim.7, characterized in that when the 

channel. to be measured is pl.ural and onl.y one correl.ation 

s detector is useful., 
.. 

correl.ation detection of a pl.ural.ity of chapnel.s are 

performed in time division for generating two series generated 

in the same reception chip tiJning per channel. •. 

io 11. A conununication qual.i ty measuring me~hod in CDMA cel.l.ul.ar 

system as cl.aimed in cl.aim 1~, which further comprises 

fourth power cal.cul.ation step of deriving an averaged 

desired signal. power and an averaged interference signal. power 

by averaging a given peri.od from said desired signal. power and 

1s said 1.nter~erence si.gnal. power obtained in said-£irst power 

cal.cul.ation step and a second,_power cal.cul.ation step, and 

in said SIR cal.cul.at ion step, said SIR is derived from said 

averaged desired signal. power and said averaged interference 

signal. power. 

20 

12. A conununication qual.ity measuring method 1.n CDMA cel.l.ul.ar 

system as cl.aimed in cl.aim 7,- which further comprises: 

path detection step of deriving paths between transmitter 

and receiver to be effective for conununication from a val.ue of 

2s said SIR obtained in said SIR cal.cul.ation step. 

13. A conununi.cation qual.1.ty measuring apparatus in CDMA 

cel.l.ular 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 ·detec.ted value and 

s 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-,or deriving covariii1:1:t matrix of 

said two ser~es data generated in said time series generating 

10 means: 

first power calculating means for deriving a desired 

s:j..gnal power and an inter£ erence signal power in sa.id reception 

chip timing from eigenvalues of said covariant matrix: and 

SIR calculating means deriving a SIR at said reception chip 

1s timing £ropi said desired signal power and said interference 

20 

signal power. 

14. A communication quality measuring apparatus_ in CDMA 

cellular Sl_'stem as cla_imed 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 given period from said desired 

signal power and said interference signal power obtained in said 

first power calculation means and a second power calculation 

2s means. 

15. A communication quality measuring apparatus ~n CDMA 

cellular system as claimed in-claim 14, characterized in that 
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when the channe1 to be measured :ls p1ura1 and on1y one corre1ation 

detector is usefu1, 

said third power ca1cu1ating means derives said averaged 

desired signa1 power and said average :lnterferenc~ signa1 power 

s ·in ti.me division, and 

said SIR ca1cu1ation means derives said SIR of~a p1ura1ity 

of channe1s in ti.me division. 

16 . A communication qua1i ty measuring apparatus in CDMA 

10 ce11u1ar system as c1aimed :ln c1a:i..m 13, cbaracterized in that 

when the channe1 to be measured is p1ura1 and on1y one corre1ation 

detector is usefu1, 

corre1ation detection of a p1ura1ity of channe1s is 

performed in t:lme division for generating two series generated 

15 in the sam~ reception chip timing _per channe1. 

17. A communication qua1ity·measuring apparatus :ln CDMA 

ce11u1ar system as c1aimed in c1aim 16, which furthe:J;.' comprises: 

fourth power ca1cu1ation means for deriving an averaged 

20 desired signa1 power and an averaged interference signa1 power 

by averaging a given period from said desired signa1 power and 

said interference signa1 power obtained in said first power 

ca1cu1ation means and a second power ca1cu1ation means. 

25 18. A communication qua1ity measuring apparatus in CDMA 

ce11ular system as c1a:lmed in c1aim 13, which further comprises 

path detection means for deriving a path between 

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

19. A communication quality measuring apparatus in CDMA 

cellular system ·detecting a reception chip timing of a channel 

5 to be measured and measuring communication quality, 
' characterized by comprising: 

time series generating means for generating two series of 

data consisted of a time seri~s data of a detecte~ value and 

a time serie$ data delayed for one, two or more periods, with 

10 respect to said reception· chip timing wher~ 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 data generated in said time series 

15 generating_-·means becomes a particular correlation· value: 

subtracting means for deµving a difference-vector from 

a difference of received signal·vectors between two -points close 

in reception timing; 

second power calculation m~ans for deriving a desired 

20 signal power and an interference signal power by averaging said 

add vectors and said difference vectors; and 

25 

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 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 a 

first power calculation means and· said second pow~r calculation 

5 means. 

21. A communication quality measuring apparatus in CDMA 
. . 

cellular system as claimed in -plaim 20, character~~ed in that 

when the chan~el to be measured is plural and only one correl.ati.on 

10 detector is useful, 

said third power calculati.ng means derives said averaged 

desired signal. power and said average :interference Eiignal power 

in time division, and 

sai.d S_IR calculation means derives said SIR of a plural:i.ty 

15 of channe1s in time division. -

22. A communication qual.i ty ·measuri.ng apparatus ··in CDMA 

cellular system as claimed in claim 19, characterized in that 

when the channel to be measured is plural and only one correlation 

20 detector is useful, 

correlation detection of a p1urality of channels is 

performed in time division for generating two series generated 

in the same reception chip timing per channel.. 

25 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 fro~ said desired signa1 power and 

said interference signa1 power obtained in said first power 

ca1cu1ation means and a second power calcu1ation means. 

s 24. A communication qua1ity measuring apparatus in CDMA 

ce11u1ar system as claimed in c1aim 19, which further comprises 

path detection means for deriving a path between 
.J 

10 

transmitter and receiver to be -effective for communication from 

a va1ue of said SIR obtained in said SIR ca1cu1ation means. 

25. A communication qua1i ty measuring method in CDMA ce11u1ar 

system detecting reception chip timing of channe1 tobe measured 

repeatedly transmitted a transmission symbo1 series of a known 

pattern and_ performing measurement of communication qua1i.ty, 

15 characteri~ed by comprising: -

corre1ation detection si;ep of performing corre1ation 

detection of received signal us~ng a code series sp-reading said 

channe1 to be measured; 

de1ay step of de1aying one of received series detected in 

20 said corre1ation detection step for one, two or more symbo1 

period within a range where mutuai corre1ation between 

transmission symbo1 series is 1 and inf 1uence of a propagation 

path can be regarded as the same; 

vector calcu1ation step of ca1cu1ating difference vector 

25 and add vector from difference value and add va1ue of respective 

received signa1 vectors of the same reception chip timing in 

the other received series detected by said corre1ation detection 

step and the recei veQ. series provided de1ay in said delay step; 
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and 

communication quality calculation step ~~ uaicuiating a 

desired signal power, an inter£ erence signal power and SIR from 

said difference-vector and said add vector calc~lated in said 

5 vector calculation step. 

26. A communication quality measuring method in CDMA cellular 

system as claimed in claim 2s; which further co~~ises 

vector ·_selection step of selecting only result of 

10 calculation at the same reception chip timi~g 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 cor~eiation detection step and the received series 

15 delayed ·in~· ·said delay step is- -smaller than one. 

27. A communication quality measuring method in CDMA cellular 

system detecting reception chip timing of channel to_ be measured 

repeatedly transmitted transmission .symbol series of 

20 respectively different known pattern using common spreading 

code from different antennas upon use of transmit diversity and 

performing measurement of communication quality, characterized 

by comprising: 

correlation detection step of performing correlation 

25 detection of received signal using a code series spreading said 

channel to be measured; 

delay step of delaying one of received serie·s detected in 

said correlation 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 calculation step of calculating difference vector 

s and add vector from difference value and add value of respective 

10 

--
received signal vectors of the same reception chip timing in 

the other received series detected by said correlation detection 

step and the received series p~ovided delay in said_!1e1ay step; 

and 

conununication quality calculation step of calculating a 

desired signal power, an interference signal power and SIR from 

said difference vector and said add vector calcu1a·ted in said 

vector calculation step. 

1s 28. A COJll!llUnication quality measuring method in CD~ cellular 

system as claimed in claim 27~ which further comprises 

vector selection step of-__ selecting only result of 

calculation at the same reception c~ip ~iming of received symbol 

matching respective transmission symbols of the different 

20 antenna among difference vector and add vector calculated in 

said vector calculation step when a mutual correlation between 

transmission symbol series in said different antenna is smaller 

than one. 

25 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: 
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correlation detection means for performing 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 said correlation detection step for one, two or ~more symbol 

period within a range where mutual correlation between 

transmission symbol series is-~ and influence of a ~ropagation 

path can be ~egarded as the same; 

vector calculation means for calcul~ting 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 serie~ provided delay in said 

15 delay step; and 

20 

communication quality ca;i..culation means for-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. 

30. A communication quality measuring apparatus in CDMA 

cellular system as claimed in claim 29, which further comprises 

vector selection means for selecting only result of 

calculation at the same reception chip timing of received symbol 

25 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 
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delayed in said delay step is sma11er than one. 
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31. A conununication quality measuring apparatus in CDMA 

cellular sy~tem detecting reception chip timing;of channel to 

s be measured repeated1y transmitted transmission symbol series 

10 

delay means for delaying one of received series detected 

in said cor~e1ation detection step for one, two or more symbol 

15 period wit-!J.in a range where mutual correlation between 

transmission symbol series in ~id different antennas is 1 and 

influence of a propagation path can be regarded as the same; 

vector calculation means for calcu1ating di~ference 

vector and add vector from difference value and add value of 

20 respective received signal vectors of the same reception chip 

timing in the other received series detected by said corre1ation 

detection step and the received series provided delay in said 

delay step: and 

conununication quality calculation means for calculating 

.25 a desired signal power, an interference signal power and SIR 

from said difference vector and said add vector calculated in 

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

cellular system as clai.ined in claim 31, which further comprises 

vector selection means for selecting on1y result of 

ca1cu1ation at the same reception chip timing of received symbo1 
' 

s matching respective transmission symbo1s of the different 

10 

antenna among difference vector and add vector c~1cu1ated in 
. . 

said vector ca1cu1ation step when a mutua1 correlation between 

transmission symbol series in ~aid diff$rent antenna is smaller 

than one. 

33. For measuring communication quality in a mobile receiving. 

station in a mobi1e communication system employing a CDMA 

cel1u1ar system, using channel spread with spreading code and 

constantly ~ransmitted from a base station, a synchronization 

15 detecting ·-!flethod in CDMA cellular system· characterized by 

comprising the step of: 

in said mobile receiving __ station, determining a 

synchronization chip timing of a channel to be m~asure~ by 

detecting partial correlation value between spreading code to 

20 be measured and a received signal. 

34. A synchronization detecting method in CDMA cellular system 

as claimed in claim 33, characterized in that a matched fil~er 

is used upon detection of said partial correlation value and 

25 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 detecting me:thod 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 said· synchronization-detection, and;the 

5 synchronization chip timing of the channel to be measured is 

10 

·-

determined on the basis of a value derived by averaging of 

detected plurality of partial correlation values in said 

averaging period by detecting ~be partial detectio~- 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 correlation values, 

the synchronization chip timing of the channel to be measured 

15 is determi~ed using an averaged value by preliminarily 

calculating said averaged val~ by power averaging process or 

vector averaging process. 

3 7. A synchronization detecting method in CDMA cellular system 

20 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 times and using the averaged value 

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

25 or different averaging method in each process. 

38. A synchronization detecting method in CDMA cellular system 

as claimed in claim 33, characterized in that an averaging period 
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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 vaiue derived by averaging of 

5 detected plurality of partial correlation values in said 

averaging period by detecting the partial detectioQ. values per 

set sampling period. 

39. A sync~onization detecting method in CDMA cellular system 

10 as claimed in claim 38, characterized in ~hat upon averaging 

process of said detected p1ura1i ty 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 

15 vector ave~aging process. 

40. A synchronization detecting method in CDMA ce1i.u1ar system 

as claimed in c1a.im 39, characterized in that . the 

synchronization chip timing of the channel to be measured is 

20 determined by enabling 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. 

25 41. A synchronization detecting method 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 claims 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 ~e measured is 

s determined with providing a given range. or synchronization 

detection is to be performed again. 

42. For measuring conununicat:J:on quality in a mobile receiving 
.. 

station in a_ mobile conununication system employing a CDMA 

10 cellular system. using channel spread wit~ spreading code and 

constantly transmitted from a base station. a synchronization 

detecting device in CDMA cellular system characterized by 

comprising: 

said mobile re~eiving station including means for 

15 determinin$J 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. 

43. A synchronization detecting device in CDMA cellular system 

20 as claimed in claim 42. characterized 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. 

25 

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 
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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 averaging of 

detected plurality of.partial correlation valu~s.in said 

· averaging perio·d by detecting the partial. detection val.ues per 

set sampling period. 

45. A synchronization detect:f:ng device in CDMA cellular system 

as claimed i~ claim 44, characterized in that upon averaging 

10 process of said detected plurality of partial correlation values, 

said means determines the synchronization chip t~ing of· the 

channel to be measured using an averaged value by preliminarily 

calculating said averaged value by power averaging process or 

vector ave~aging process. 

15 

46. A synchronization detecting device in CDMA cellular system 

as claimed in claim 45, characterized in that said means 

determines the synchronization chip timing of th~ channel to 

be measured by· enabling setting of process of said averaging 

20 process for a plurality of times and using the averaged val.ue 

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

or different averaging device in each process. 

4 7 • A synchronization detecting device in CDMA cel1ular system 

25 as claimed in claim 42, characterized in that said means 

preliminarily sets an averaging period and sampl.ing period in 

.advance.of performing said synchronization detection, 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 detecting device in CDMA cel.}.ular system 

as claimed in claim 47, characterized in that upon averaging 

process of said detected pluralf""tY of partial correl~~ion value~, 

said means d~termines the synchronization chip timing of the 

io channel to be measured using an averaged va.lue by preliminarily 

calculating said averaged value by power averaging process or 

vector averaging process. 

4 9. A sync~onization detecting device in CDMA cellular system 

15 as claimed,·· in claim 48, characterized in that sa-i.d means 

determines the synchronizatio~ chip timing of the channel to 

be measured by enabling setting of process of sa1d averaging 

process for a plurality of times and using the av~raged value 

derived by a plural1ty of times of averaging process by the same 

20 or different averaging device in each process. 

SO. A synchJ:onization detecting device in CDMA cellular system 

characterized by comprising means for performing 

synchronization chip timing detection process for a plurality 

25 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 

.. 
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synchronization chip timing of the channel to be measured is 

determined with providing a given range, or synchronization 

detection is to be performed again. 

5 51. In a mobile communication system employing CDMA cellular 

system using a common pilot channel constantly traiiE?mitted from 

a base station in a mobile conmunication system upon use of 

transmit diversity for measur.:tng conmunication quality in a .-
mobile station being measured, a synchronization detecting 

10 method in CDMA cellular system character~zed by comprising: 

said mobile station separating received signal vector 

obtained by correlation detection of received signa1 per symbol 

into received signal vector per transmission antenna by 

performing ~ddition and subtraction before and after symbol, 

15 and determ~ning synchronization chip timing on the basis of a 

value derived by addition of the_.received signal vector in power. 

52. A synchronization detecting method in CDMA cel~ular system 

as claimed in claim 51, characterized in that the 

20 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 

25 of transmission antenna becomes orthogonal between antennas. 

53. A synchronization ·detecting method in CDMA cellular system 

determining synchronization chip timing on the basis of a value 

.. 
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derived by performing synchron;zation chip timing detection 

process defined in c1aim 51 or 52 for a p1ura1i ty of times and 

performing addition of obtained p1ura1ity of power. 

5 54. In a mobi1e communication system emp1oying CDMA ce1lular 

system using a common pilot channel constantly tranamitted from 

a base station in a mobile conununication system upon use of 

transmit diversity for measur~ng communication 'lll:~lity in a 

mobile station being measured, a synchronization detecting 

10 device in CDMA ce1lular system character~zed 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 

subtractio~ before and after symbol, ·and determining 

15 synchroni~tion chip timing on -the basis of a value derived by 

addition of the received sign~ vector in power. _· 

55. A synchronization detecting device in CDMA cel~ular system 

as claimed in claim 54, wherein said means determines the 

20 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 p1ura1ity of period wi.th taking a unit where 

symbol pattern of signals transmitted from a p1ura1ity of 

25 transmission antenna becomes orthogona1 between antennas. 

56. A synchronization detecting device in CDMA ce11u1ar system 

determining synchronization chip timing on the basis of a va1ue 
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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 plurality of power. 

5 57. In a mobile connnunication 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 stati~n being measured, a communication quality 

10 measuring method in CDMA cellular system.characterized by 

compri.sing: 

in said mobile station, received si.gnal vector obtained 

by correlation detection of received signal per symbol being 

separated i.p.to received signal vector per transmission antenna 

15 by perf ormi.ng addi ti.on and subtraction before and after symbol, 

and 

a desi.red signal power, an i.nterference sigriai power and 

SIR being calculated by deriving add vector and ~ifference 

vector of two recei.ved si.gnal vectors spaced for a plurali.ty 

20 of symbol peri.ods per transmi.ssion antenna, and performing 

averaging process of sai.d add vector and sai.d difference vector. 

58 • A communication quali. ty measuring method in CDMA cellular 

system as c1ai.med in claim 57, characterized in that said add 

25 vector and sai.d di.fference vector are deri.ved from the received 

si·gnal vector of one transmission antenna and said desired 

signal power, said i.nterference signal power and SIR are derived 

by addi.ng a predetermined correcti.on value. 

... 
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59. A communication qual.ity measuring method in CDMA cel.lular 

system as claimed in cl.aim 58, characterized in that said desired 

signal power and said interference signal power;are averaged, 

s and said desire·d signal power, said interference signal power 

and SIR are calculated by addi.ng a predetermined~correction 

value. 

60. In a mobile communication system employing CDMA cel.l.ular 

10 system using a common pilot channel consta~tly 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 conununication quality 

measuring ~pparatus in CDMA cell.ular system characterized by 

15 comprising.: 

said mobile station inclU:J:les means for receiving received 

signal vector obtained by cor~elation detection ·0£ received 

signal per symbol. being separated into received signal vector 

per transmission antenna by performing addition and subtraction 

20 before and after symbol., and calculating a de~ired signal. power, 

an interference signal. power and SIR by deriving add vector and 

differe~ce 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 said 

25 difference vector. 

61. A communication qual.ity 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 predetermined correc~ion value. 

62. A communication quality measuring apparatus~in CDMA 

cellular system as claimed in ciaim 61, characterized in that 

said means averages said desi~ed signal power and said 
.: . _ ... 

interference·_ signal power, and calculates said desired signal 

10 power, said interference signal power an~ SIR by adding a 

predetermined correction value. 


